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INTRODUCTION
This thesis is about clinicians’ teaching performance in postgraduate medical
education in the Netherlands. In this introductory chapter the key elements
and terms used throughout this thesis will be defined and explained. The
chapters of this thesis are published in (or submitted to) different scientific
journals. Since the journals have different styles and readership, the discourse and terminology that are common in the (target) journals have been
used. Therefore, some of the key terms differ between chapters. This introductory chapter will subsequently discuss the setting of postgraduate medical training, the role of clinician teachers, their teaching performance, and
the learning of trainees through role modeling. At the end of this introductory
chapter, the overall and specific aims of the subsequent chapters are described.

POSTGRADUATE MEDICAL TRAINING
Setting
We conducted our research at postgraduate medical training programs (also
referred to as residency training programs) in the Netherlands. The major
purpose of postgraduate medical training is to train junior medical doctors to
become medical specialists. The trainees in postgraduate medical training
(also referred to as residents) have already obtained a degree in medicine
(M.D.) and are thus qualified to practice medicine independently.
In the Netherlands, 27 specialties are accredited to deliver specialty specific
training in a hospital setting.1 Besides, there are training programs in family
medicine, nursing home medicine and social medicine that have (slightly) different settings and are directed by different regulations; those programs are
not included in this research.

Each hospital based training program lasts 4 to 6 years, mainly consists of
work based leaning and is coordinated by one academic hospital. The trainees follow an individual modular training schedule covering both their main

10

CHAPTER 1

specialty and various subspecialties. During their training, trainees work at
different departments in various academic and non-academic teaching hospitals. This design is comparable to training settings in several other western countries including Canada and many European countries (such as the
United Kingdom, Germany and Denmark).
Quality Management
During the last decade, there has been an increased awareness about quality
management in postgraduate medical training. One of the immediate causes
for this increase was the 2005 call by the Dutch Ministry of Health stating that
they aimed to change from the history-based allocation of medical trainees
towards a more quality-based allocation.2 This competitive incentive, which
has not been fully operationalized yet, led to nationwide discussions about
quality indicators for postgraduate medical training. These nationwide discussions were soon linked to and fuelled by international quality management development in postgraduate medical education. Among others, the
American Accreditation Council for Graduate Medical Education (ACGME)
competencies, the Canadian Medical Education Directions for Specialist
(CanMEDS) framework and the British Graduate Medical Council’s document Tomorrow’s Doctors were studied as information sources for defining
training competencies and regulations across training programs in the Netherlands.3-5
Somewhat later, in 2011, the CGS (Dutch College for Medical Specialties),
the responsible body for determining all regulations for postgraduate medical education, introduced competency-based regulations which were mainly based on, and therefore highly similar to, the CanMEDS framework.4 All
regulations were formalized in a document called the Kaderbesluit CCMS.1
These regulations are monitored by a registration committee (called RGS)
which is independent of the CGS and provides legitimization and accreditation of all postgraduate training programs in the Netherlands.

The competitive incentive and the subsequent discussion about quality
management in postgraduate medical education also resulted in the establishment of a study committee, called Committee Scherpbier after its chair,
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which was asked to advise the Ministry of Health about potential quality indicators for use in the evaluation of training programs’ performance.6 After
an extensive study, the committee concluded that there were no simple valid
quality indicators available yet. The committee did present a toolkit of available evaluation instruments that could be used to evaluate different quality
domains. Some of these instruments focused on the performance of the individual clinician teachers.

CLINICIAN TEACHERS
In the Netherlands, training and supervision of trainees are the joint responsibilities of all attending clinicians who practice medicine at the training department. These clinician teachers are also referred to as faculty, attending
physicians or surgeons (when they practice a surgical specialty), supervisors, or clinicians. According to the CGS regulations, all clinician teachers
are obliged to provide high quality competency-based training, including (but
not limited to) creating a safe learning climate for trainees, providing regular
and constructive feedback and acting as a role model. Each program is led
by a formal program director, who is appointed by the RGS. The program
director is responsible for executing the formal training regulations, to oversee the quality of training and to handle and solve problems and conflicts
concerning the training program.
Nowadays, trainees are more in control of their training and have to acquire
different competencies at different internships in both general and academic
teaching hospitals.7 Consequently, trainees are no longer uniquely tied to
one clinician teacher for a long period, as was the case in the traditional
master-apprentice model. The shift in educational structure - from masterapprentice to the current competency-based “modern medical education”
structure - impacted methods and procedures that clinician teachers could

use to teach trainees. For instance, because trainees are no longer supervised by one clinician teacher (as in the traditional master-apprentice model),
there is no single clinician teacher who knows all trainees’ capabilities well
after training them over the years and can assess trainees’ competencies
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and performance. Therefore, all clinician teachers involved in the training of
a trainee over the years are now jointly responsible for assessing whether a
trainee successfully acquired all competencies needed to proceed or complete postgraduate training.

TEACHING PERFORMANCE
The performance of clinician teachers is assumed to be essential for high
quality medical training. In the following chapters, clinicians’ teaching performance will be investigated from different perspectives. In this introductory
chapter, teaching performance and the evaluations of teaching performance
are introduced and defined.
Teaching performance and teaching effectiveness
In the literature on teaching qualities of individual clinician teachers, the terms
teaching performance and teaching effectiveness are used interchangeably.
According to the Oxford dictionary, performance and effectiveness are not
synonyms. Performance is defined as ‘the action or process of performing
a task or function’ and effectiveness as ‘the degree to which something is
successful in producing a desired result; success’. Effectiveness includes a
desired result that can be achieved by highly effective clinicians. The most
obvious desired result of medical training will be the trainees achieving excellent healthcare delivery, both during training and after completion of training. Although this will certainly remain the most important result of medical
training, it seems inefficient to include it as a quality indicator for clinicians’
effectiveness. First, frameworks on what excellent healthcare delivery encompasses are very comprehensive and complex, making healthcare delivery difficult to assess.8 Second, even if the quality of healthcare delivery by
medical trainees could be assessed over a given time frame, the complex
process of medical education involving multiple clinician teachers and other
stakeholders would make a causal claim between clinicians’ teaching and
enhanced health care practice by trainees elusive. It seems therefore justifiable to omit the healthcare practice by trainees as a quality indicator for
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clinicians’ teaching.
As mentioned above, performance refers to performed actions. These actions
can be influenced by many factors including knowledge, attitudes, the environment, and individuals emotional and physical state.9 Although these factors may influence performance, performance itself refers to the actually performed actions or behaviors. Good teaching performance includes clinicians’
use of specific actions or teaching behaviors that are assumed to facilitate the
learning of trainees, thereby contributing to the quality of clinicians’ teaching.
Some teaching behaviors are often mentioned by trainees as facilitators for
learning, making them potentially valid teaching performance indicators.10;11
These behaviors include (but are not limited to) providing relevant biomedical information during procedures, listening to trainees, encouraging trainees to participate actively, and providing direct and constructive feedback.
Given the reasons described above, the term teaching performance seems
to be the most appropriate term when referring to the quality of teaching of
individual clinicians. Therefore, we will continue using the term performance.
Performance evaluation and assessment
There are several methods that can be used to evaluate clinicians’ teaching
performance, isolated or combined. First, observations of clinicians interactions with trainees, either direct or through video recordings, can be used to
evaluate clinicians’ performance.12 In practice, observations are sometimes
used for training and faculty development purposes and can be insightful
and useful for these purposes.13 However, to obtain a reliable evaluation of
clinicians performance, observations are often time and resource consuming
and in clinical settings sometimes impractical.12
A more practical and less time consuming method to evaluate clinicians’
teaching performance is performance evaluation through the feedback of
medical trainees, peers or clinicians themselves.14;15 Trainees or peers can
be asked to evaluate clinician teachers’ use of specific teaching behaviors. In
this thesis, we will focus on this method to obtain trainee and self-evaluations
of clinicians’ teaching performance.

14
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In clinical performance evaluations, several other methods are used to evaluate clinicians’ performance in addition to observations and feedback. These
include structured facilitated self-reflections (appraisals), audits of medical
records and simulated patient visits.12 Although these methods, or similar
methods such as simulated students and audits of trainees’ feedback or assessment document, may be a valuable alternative to evaluate clinicians’
teaching performance, there are no studies that explored the use of these
methods to evaluate teaching performance.
Purpose of teaching performance evaluations
The evaluations of clinicians’ performance are also called assessments of
performance. Although these terms are sometimes used interchangeably,
they differ in the purpose of measurement. Mostly, evaluations are used formatively, while assessments refer to a summative activity.16 Formative evaluations are used to provide clinicians with information to guide their future
professional development by exploring learning needs, abilities and previous
performance. Formative evaluations are supposed to yield rich, detailed and
specific performance information that can help clinicians in developing their
teaching qualities. Summative assessments are performed to make a judgment about someone’s skills or performance for the purpose of job promotion
or the assessment of fitness to practice or teach. The main outcome of summative assessments is usually a judgmental rating (insufficient, sufficient,
good, excellent or go/no-go or fit/unfit). In the context of our research we
focus on teaching performance evaluations for formative purposes.
According to the humanist theory of learning, that theorizes the learning processes of adults, the progress of learning and development of individuals can
been described as a hierarchy of motivation; once individuals basic needs
are fulfilled, learning is described as personal growth and focuses on personal goals and accomplishments, requires reflection, and is self-directed.17
The self-directed element of learning is also embraced by medical sociologist Freidson in his theory on quality management by autonomous medical
professionals.18
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A theoretical model that will be used to guide the formative, self-directed performance evaluations and explain the findings of empirical studies further on
in this thesis, is the informed self-assessment model.19 This model assumes
that clinicians will use self-directed and self-regulated learning to guide their
continuous lifelong learning. The informed self-assessment model suggests
that humans are unable to self-assess their performance accurately without external data (i.e. unguided self-assessments rarely match observed
assessments of behaviors).19-21 In the model, the process of informed selfassessment is described as a flexible and dynamic process of accessing,
interpreting, and responding to varied external and internal data (Figure 1).19
Formative performance evaluations can yield external data and facilitate the
explication of internal data, to help clinicians in the process of informed selfassessment. More information about the model is published elsewhere.19;22-24
Figure 1 Processes and dimensions of informed self-assessment (from Sargeant
et al., 2010, copyright reserved)
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ROLE MODELING
Role modeling is a process which clinician teachers can use to demonstrate clinical skills, model and articulate expert thought processes and
manifest positive professional characteristics.25 Because a large part of the
expertise and knowledge that is acquired by trainees results from observing and imitating more experienced clinicians, role modeling is regarded as
an important teaching strategy.26;27 According to Hafferty (1998), role modeling takes place in three clinical learning situations; the formal, informal
and hidden curriculum.28 Clinicians can use their role modeling as a conscious teaching strategy or they may be unaware of the possible effects of
role modeling when trainees observe, work with and learn from them.27;29
There have been several studies that explored which attributes and characteristics of clinicians impact their role model status as perceived by trainees. These studies have been summarized in two systematic reviews.30;31
Shortly, clinicians’ attributes can be categorized into clinical qualities, teaching qualities and personal qualities. Clinical qualities include effective diagnostic and therapeutic skills, up-to-date knowledge, being compassionate,
caring, engaging and empathic to patients, and displaying respect and give
recognition to other health care workers. Teaching qualities include enthusiasm for teaching, stimulating critical thinking, being accessible and making
time available for trainees, and giving trainees autonomy. Personal qualities include integrity, effective leadership style, self-confidence, dedication
and honesty. A more comprehensive overview of clinicians’ attributes can be
found elsewhere.30;31
Although there seems to be sufficient knowledge on which factors trainees
appreciate in their role models, there is little knowledge on the consequences of role modeling and on the changeability of clinicians’ role model status.
In this thesis we will explore if clinicians’ can enhance their role modeling by
altering their teaching performance.
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AIM OF THIS THESIS
Two overall aims
This thesis has two overall aims. The first aim is to gain a better understanding of how we can validly and reliably evaluate clinicians’ teaching performance at a point-in-time and changes in their teaching performance over
time. As stated before, formative evaluations of clinicians’ teaching performance are believed to help clinicians in enhancing their teaching performance. This theses aims to study the validity and reliability of the teaching performance evaluations generated through the System for Evaluations
of Teaching Qualities (SETQ), a system developed to evaluate clinicians’
teaching performance, which is widely used across the Netherlands.32-34
Secondly, we aim to explore if and how trainees’ perception of clinicians’
teaching performance can impact clinicians’ role modeling. Knowledge about
tools that clinicians can use to enhance their role modeling is scarce. It is
largely unknown which behaviors of clinicians can impact which aspects of
their role modeling. Therefore, this thesis aims to explore the impact that
certain teaching performance domains can have on the role model status of
clinicians.
Research questions
To address the two general aims described above, several research questions are posed and answered throughout this thesis. An overview of the
research questions that are addressed in the subsequent chapters is presented in table 1.
Chapters 2 and 3 will provide an assessment of the validity and reliability
of the SETQ tools for evaluating clinicians’ teaching performance. In these
chapters, the psychometric properties of the trainees-evaluations, as well
as the self-evaluation of clinicians’ teaching performance are assessed. In
chapters 4 and 5 we present two studies that explore whether teaching performance of clinicians, as evaluated through the SETQ tools, changes once
a cycle of evaluation, reporting and feeding back have been completed. In
chapter 6, we critically appraise the performance evaluation scores that were

Evaluating clinicians’ teaching
performance
change

4

ii) Does the completion of a self-evaluation by clinicians influence trainees’ perception of clinicians’ teaching performance improvement one year later?

i) Do numerical and narrative feedback provided to
clinicians influence trainees’ perception of clinicians’
teaching performance improvement one year later?

Psychometric
i) How valid and reliable are the SETQ tools for mea(validation) study suring clinicians’ teaching performance across specialties and centers, seven years after their initial introduction?

Prospective cohort study

Measures of
teaching performance

3

ii) Do surgeons and trainees have similar perceptions of
surgeons’ teaching performance?

Psychometric
i) How valid and reliable are the newly implemented
(validation) study surgical SETQ tools measuring surgeons’ teaching performance?

Measures of
teaching performance

2

Research Questions

Research design

Chapter Topic

Table 1 Overview of the research topics, designs and questions addressed in the chapters of this thesis
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studied in chapters 4 and 5 and discuss how to assess if clinicians improved
or declined their performance. Chapters 7 and 8 study the impact of specific
aspects of clinicians’ teaching performance on them being seen as role models by trainees. Finally, a general discussion is included in chapter 9.

Teaching perfor- Retrospective
mance and role study
modeling

Teaching perfor- Retrospective
mance and role study
modeling

Evaluating
teaching performance and role
modeling

7

8

9

General
discussion

Critical appraisal
and
methodological
discussion

Assessing performance improvement

6

Prospective
cohort study

Evaluating clinicians’ teaching
performance
change

5

ii) What are the implications of this research for future practice and research?

i) How can the knowledge generated in this thesis inform theory and practice?

ii) How do these different causal assumptions impact the estimation and interpretation of the associations between clinicians’ teaching performance and their role
modeling?

i) What are the potential causal relationships between clinicians’ teaching performance and their role modeling?

ii) Does clinicians’ teaching performance influence their role modeling similarly
across specialties?

i) How does clinicians’ teaching performance influence their role modeling?

ii) How do methodological concerns and choices impact the assessment of performance change?

ii) Does over- or underestimating own performance influence trainee- and self-evaluations of clinicians’ subsequent teaching performance one year later?
i) How valid are the performance change measures currently used to assess performance improvement?

i) How do trainee-evaluations and self-evaluations of clinicians’ teaching performance evolve after two cycles of evaluation, reporting and feedback?
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ABSTRACT
Background: In surgical education, there is a need for educational performance
evaluation tools that yield reliable and valid data. This paper describes the
development and validation of robust evaluation tools that provide surgeons
with insight into their clinical teaching performance. We investigated (i) the
reliability and validity of two tools for evaluating the teaching performance of
attending surgeons in residency training programs and (ii) whether surgeons’
self-evaluation correlated with the residents’ evaluation of those surgeons.
Materials and Methods: We surveyed 343 surgeons and 320 residents as part
of a multicenter prospective cohort study of faculty teaching performance in
residency training programs. The reliability and validity of the SETQ (System
for Evaluation Teaching Qualities) tools were studied using standard psychometric techniques. We then estimated the correlations between residents’
and surgeons’ evaluations.
Results: The response rate was 87% among surgeons and 84% among residents, yielding 2625 residents’ evaluations and 302 self-evaluations. The
SETQ tools yielded reliable and valid data on five domains of surgical teaching performance, namely, learning climate, professional attitude towards residents, communication of goals, evaluation of residents, and feedback. The
correlations between surgeons’ self and residents’ evaluations were low, with
coefficients ranging from 0.03 for evaluation of residents to 0.18 for communication of goals.
Conclusions: The SETQ tools for the evaluation of surgeons’ teaching performance appear to yield reliable and valid data. The lack of strong correlations between surgeons’ self and residents’ evaluations suggests the need
for using external feedback sources in informed self-evaluation of surgeons.
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INTRODUCTION
To keep up with advances in technology and the ever-growing body of
knowledge, the dynamic field of surgery must adapt their surgical education
to maintain professional performance. While surgical research has a robust
history, educational research in surgery is relatively young.1 Unless the fact
that educational research is relatively new in surgery, there is a need for high
quality educational research in surgery to yield credible and applicable results
to improve education.1;2 In this paper we aim to describe the development and
validation of a robust tool that provides surgeons with insight in their teaching
performance.
To maintain or enhance professional performance, surgeons need accurate
performance feedback.3;4 However, a review study showed that there is often
a lack of accurate performance feedback and consequently the ability of physicians to self-evaluate and improve their clinical performance is generally poor.5
In addition, it has been stated that humans are by nature poor in performing accurate self-evaluation and that personal unguided reflections on practice simply do not provide the information sufficient to guide performance
improvements adequately.6 Therefore, it has been suggested that external
feedback data sources could inform and subsequently improve surgeons’ selfevaluation.3;7;8 Tools that facilitate the flow of feedback to inform self-evaluation
of teaching performance could help surgeons to evaluate their teaching performance more accurately.3;7;9 There are several tools that could evaluate surgeons’ teaching performance, but overall, they lack validity and they are not
specifically developed and validated for the use in surgical specialties.10 The
development and validation of tools specifically for surgical education is essential to generate credible and applicable results.
For that purpose, we aim to test the reliability and validity of the System for
Evaluation of Teaching Qualities (SETQ) constructed for surgical specialties

(see figure 1). Beside the evaluation of surgeons’ general teaching performance, this system aims to evaluate surgery specific teaching performances, as teaching technical skills and teaching in the operation theater. Similar
systems were developed and validated for some non-surgical specialties.11-13
This study aims to evaluate (i) if the SETQ for surgical specialties is valid and
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reliable and (ii) if surgeons’ and residents’ perception of surgeons’ teaching
performance matches.
Figure 1 SETQ evaluation and improvement system

MATERIALS AND METHODS
Development of the SETQ for surgical specialties
To fulfill the demand from several residency programs, the SETQ was developed as a dynamic system for continuous evaluation and development of surgeons involved in teaching residents. After it was piloted in one department,12
it was successfully implemented institution-wide and later nation-wide. Nowadays, SETQ is used in over 150 residency training programs (of various specialties) in 34 teaching hospitals, involving around 2200 clinical teachers and 2100
residents in The Netherlands. For a more detailed description of the development of the SETQ we refer to previous publications.12;14;15 The SETQ for surgical specialties is composed of two tools (questionnaires), one for surgeons’
self-evaluation and one for residents’ evaluation of their attending surgeons.
In general, the two tools contain the same items. Because both the groups
(surgeons versus residents) and the purpose of evaluation (self-evaluation of
surgeons versus residents’ evaluation of their attending surgeons) differ, we
present and validate both tools separately. For the development the tools, the
Stanford Faculty Development Program questionnaire (SFDP-26),16;17 which
is based on psychological theories of learning and empirical observations of
clinical teaching, was used. In a pilot study, the SETQ tools were validated and
found feasible for evaluating the teaching performance of anesthesiology faculty.12 This tool was then modified to make it more suitable for evaluating surgical
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teaching performance, by adding some surgery-specific items. Subsequently,
the tools were discussed in a taskforce consisting of surgeons, surgical residents and a faculty development professional. SETQ for surgical specialties
was set out as a web-based system and the tools consisted of 26 core items
(See table 2). Each item could be rated on a 5 point Likert-scale: 1 = “strongly
disagree”, 2 = “disagree”, 3 = “neutral”, 4 = “agree”, 5 = “strongly agree” and
there was an additional option “I can not judge”. Additionally, the tools contained two items for global rating: 1 = “this surgeon is a specialist role model”
and 2 = “overall teaching performance of this surgeon”, The first item used the
same 5 point Likert scale as the core items, while the second global item used
an alternative 5 point rating scale: 1 = poor, 2 = fair, 3 = average, 4 = good, 5 =
excellent. Next to the quantitative items residents were asked to give qualitative
comments about specific teaching performances. These qualitative comments
contained more specific comments about teaching qualities and suggestions
for improvement, as indicated by the surgeons. However, for the scope of his
study we will focus on the quantitative items only.
Setting and Study Population
Surgical residency training in The Netherlands is a joint responsibility of several surgeons who form an educational team. In most teaching hospitals
residents follow a modular schedule for the various surgical subspecialties.
In total, residents in surgical specialties receive six years of residency training in The Netherlands. Because of this setting, residents could choose which
and how many surgeons to evaluate, based on whose teaching performance
the resident felt he or she was able to evaluate accurately.
Data were collected from September 2008 till April 2011. Data collection occurred in phases and for each training program a period of a month was taken
to collect the data. Each residency training program included in this study was
measured once, so the data have a cross-sectional nature. In total 343 surgeons and 320 residents were invited to participate in this study. All participants
were working in one of 7 surgical specialties [i.e. General Surgery (which also
includes Traumotology and Vascular Surgery), Neurosurgery, Ophthalmology,
Orthopedics, Otorhinolaryngology, Plastic Surgery and Urology] dispersed
over 32 residency training programs in 16 different teaching hospitals (both

76.9

10.4
(±6.9)

45.2
(±5.8)

15.4

16

13 (81)

58

8 (53)

2

2

Neu

56.3

11.3
(±7.5)

45.5
(±8.6)

43.8

20

16 (80)

157

17 (94)

2

2

Oto

40.0

15.7
(±10.3)

47.9
(±9.4)

60.0

40

30 (68)

208

26 (68)

4

4

Oph

76.9

11.3
(±8.4)

46.3
(±8.3)

7.7

31

26
(87)

198

28
(78)

4

4

Ort

72.2

9.4
(±6.3)

45.5
(±6.0)

18.2

11

11
(100)

69

13
(100)

2

2

Pla

62.4

13.3
(±9.1)

47.7
(±8.3)

13.3

175

173
(95)

1765

154
(86)

14

14

Sur

45.5

12.5
(±8.1)

48.3
(±7.6)

21.2

40

33 (70)

170

23 (88)

5

5

Uro

general surgery, Uro = Urology. SD: Standard deviation

# Neu = Neurosurgery, Oto = Otorhinolaryngology , Oph = Ophthalmology, Ort = Orthopaedics, , Pla = Plastic Surgery, Sur =

60.3

12.9 (±8.9)

Mean number years of practice since first
registration as surgical specialist (±SD)

Percentage of surgeons who had formal
training as clinical educators

47.3 (±8.2)

Average age of surgeons (±SD)

20.2

322

Total number of surgeons actually evaluated
by residents (including surgeons who did
not self-evaluate)

Percentage of female surgeons

302
(87)

2625

Total number of residents’ evaluations

Number of surgeons participated (% of all
surgeons invited)

269
(84)

32

16

All surgical
specialties

Number of residents that participated (% of
all residents invited)

Number of training programs

Number of hospitals

Specialty#

Table 1 Numbers of participants, evaluations and characteristics surgical surgeons
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Encourages residents
to participate actively in
discussions
Stimulates residents to
bring up problems
Motivates residents to
study further
Stimulates residents
to keep up with the
literature
Prepares well for
teaching presentations
and talks
Creates educational time
on the outpatients and
surgical department
Professional attitude
towards and support of
residents
Listens attentively to
residents
Is respectful towards
residents

LC1

PA2

PA1

LC6

LC5

LC4

LC3

LC2

Scale and items†

Item nr

4.38 (3.72-4.80)

4.00 (4.00-5.00)

4.00 (4.00-5.00)

4.25 (4.00-4.75)

4.39 (3.87-4.68)
4.17 (3.50-4.56)

4.00 (3.00-4.00)

4.00 (4.00-5.00)

4.00 (3.00-4.00)

4.00 (3.00-4.00)

4.00 (3.00-4.00)

4.00 (3.00-4.00)

3.88 (3.33-4.35)

4.00 (3.40-4.43)

3.50 (3.00-4.14)

3.86 (3.22-4.33)

3.86 (3.30-4.27)

3.88 (3.30-4.40)

Median score (20th – 80th percentile
range)
Residents’
Surgeons’ selfevaluations
evaluation

0.68

0.62

0.42

0.56

0.70

0.68

0.68

0.71

0.72

0.71

0.14

0.47

0.68

0.69

0.67

0.68

Factor loadings on primary
scale
Residents’
Surgeons’
evaluations
selfevaluation

Table 2 Item and scale characteristics, internal consistency reliability, and item-total correlations

0.72

0.72

0.64

0.62

0.72

0.78

0.76

0.75

0.66

0.64

0.32

0.35

0.53

0.54

0.53

0.51

Corrected item-total
correlations
Residents’
Surgeons’
evaluations selfevaluation
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States learning goals
clearly

Prioritizes learning goals

CG1

CG3

Evaluates residents’ specialty knowledge regularly

Evaluates residents’ application of knowledge to
specific patients regularly

ER1

ER3

Evaluates residents’ analytical abilities regularly

Evaluates residents’ medical skills regularly

ER2

ER4

Evaluation of residents

Offers to conduct miniCEX (clinical examination
exercise) regularly

Repeats stated learning
goals periodically

CG4

CG5

States relevant goals

CG2

Communication of goals

Is easily approachable for
consultation on the outpatients

Is easily approachable
during on-calls

PA4

PA3

3.75 (3.33-4.25)

3.83 (3.33-4.25)

3.80 (3.25-4.22)

3.80 (3.27-4.18)

3.80 (3.34-4.20)

2.88 (2.00-3.56)

3.33 (2.84-3.90)

3.43 (2.86-4.00)

3.44 (2.81-4.00)

3.50 (2.89-4.00)

3.34 (2.76-3.86)

4.44 (3.93-4.73)

4.53 (4.00-4.88)

4.00 (3.00-4.00)

4.00 (3.00-4.00)

4.00 (3.00-4.00)

4.00 (3.00-4.00)

3.80 (3.20-4.00)

3.00 (2.00-4.00)

3.00 (2.00-4.00)

3.00 (2.00-4.00)

3.00 (3.00-4.00)

3.00 (3.00-4.00)

3.00 (2.60-3.60)

4.00 (4.00-5.00)

5.00 (4.00-5.00)

0.72

0.67

0.66

0.66

0.59

0.83

0.83

0.85

0.82

0.82

0.83

0.67

0.78

0.78

0.76

0.43

0.77

0.81

0.85

0.80

0.80

0.78

0.83

0.83

0.83

0.81

0.54

0.85

0.85

0.88

0.86

0.68

0.71

0.70

0.68

0.67

0.53

0.31

0.74

0.70

0.73

0.71

0.69

0.71
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4.00 (3.40-4.36)

4.00 (3.40-4.50)

4.00 (3.50-4.38)

4.00 (3.45-4.43)

4.00 (3.58-4.33)

3.83 (3.18-4.33)

3.97 (3.49-4.39)

4.00 (3.40-4.36)

4.00 (4.00-4.00)

4.00 (3.00-5.00)

4.00 (4.00-4.00)

4.00 (4.00-4.00)

4.00 (4.00-4.00)

4.00 (3.00-4.00)

4.00 (3.67-4.33)

4.00 (3.00-4.00)

0.77

0.48

0.77

0.79

0.74

0.69

0.67

0.65

0.34a

0.79

0.78

0.82

0.61

0.43

0.80

0.62

0.85

0.83

0.79

0.76

0.69

0.64

0.48

0.74

0.73

0.71

0.62

0.48

†

The items shared the same subject “During my residency in [surgical specialty], my attending surgeon generally…” (residents’
evaluation of attending surgeons) or “In my role as an attending surgeon, I generally…” (surgeons’ self-evaluation)
§
Total variance explained by all 5 domains of teaching performance: 73.7% among residents and 60.2% among surgeons
a
The item FB5 also loads (0.51) on the scale “Professional attitude and behaviour towards residents” in the self-evaluation

Provides constructive criticism about surgical skills
during the operation

Teaches surgical skills in
the operating theatre

FB5

FB6

Explains why residents
are incorrect

FB3

Offers suggestions for
improvement

Gives corrective feedback
to residents

FB2

FB4

Regularly gives positive
feedback to residents

FB1

Feedback

Evaluates residents’ surgical skills regularly

ER5
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academic and non-academic teaching hospitals were included). Participants
were invited to participate via email. The invitation email stressed the formative
purpose and use of the evaluations and the confidential and voluntary character of participation. To encourage participation, automatic email reminders were
sent and in most departments the head of the department further encouraged
participation.
The residents filled out the questionnaires anonymously. The day after closure
of the evaluation period, surgeons received their individual feedback report,
summarizing residents’ ratings and qualitative comments. To preserve the confidentially of residents’ evaluations, only the number of residents that filled out
the evaluation was reported back to individual surgeons.
Analytical Strategies
Before tackling the main objectives, descriptive statistics (means, standard
deviations and proportions) were calculated to explore characteristics of the
participants.
Regular validation of tools is of great importance, since the (psychometric)
properties of evaluation systems have been shown to fluctuate, especially
when systems are used in other settings compared to the setting in which
they were validated (e.g. in other countries, different population, other specialties).18;19 The psychometric properties of tools provide information about
the reliability and validity of those tools for the use in a specific setting. In
this study, the psychometric properties of the SETQ tools will indicate the
reliability and validity of these tools for the evaluation of surgeons’ teaching
performance in residency training programs in The Netherlands.
There are systematic ways to analyze the psychometric properties of tools
designed for evaluations in a health care settings.20 We assumed that the
feedback data derived from the 26 core items of the tools could be explained
by a smaller number of underlying factors.16;17 Consequently, a data reduction technique known as principal components analysis was performed. This
analysis explores how many constructs can be identified, based on the data
generated by the evaluations. The analysis provides every item with a “factor
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loading” between 0 and 1 on each of the constructs. The higher the factor
loading on a construct, the better this item fits in with that particular construct.
In addition, the principal components analysis indicates how much variance
among the subjects could be explained by the identified underlying constructs. Ideally above 70% of the variance can be explained by the identified
constructs.20 The underlying structure of both tools was examined separately
using principal components analysis with a varimax rotation to extract the
constructs. The constructs derived from the principal components analyses
formed the composite scales of the tools. Subsequently, the reliability and
validity of these scales could be examined.
To check the internal consistency of the scales, we calculated the internal
consistency reliability coefficient, Cronbach’s alpha.21 A Cronbach’s alpha of
at least 0.70 is generally considered to be a satisfactory reliability indicator
for a scale.5 An additional measure to check the consistency and reliability
of a scale is the item-total scale correlation of each item. These correlate the
individual items of a scale to the sum of the remaining items of that scale, to
check for homogeneity of each scale.20 After examining the individual scales’
reliability and validity measures, inter-scale correlations were calculated to
check for potential overlap between the scales. An inter-scale correlation of
below 0.70 (which corresponds with 50% of overlap) was seen as an indication for a moderate to small degree of overlap between the scales, thus considered to be satisfactory.22;23 Lastly, we correlated the composite scales with
two items for global rating, ”this surgeon is a specialist role model” and “overall
teaching performance of this surgeon”, to get an indication of the construct validity of the tools.12 Correlations between 0.40 and 0.80 were expected, since
we expected the scales to contribute significantly to these global ratings of
good teaching performance.
To explore the relationship between residents’ evaluation and surgeon selfevaluation, we used Kendall’s rank order correlation coefficient τ. Kendall’s

rank order correlation is often used to calculate correlations between variables containing non-normally distributed data.24 Besides, to visualize the
correlations for individual surgeons, scatter plots were constructed with
residents’ evaluation of surgeons’ teaching performance (aggregated across
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surgeons) on the horizontal-axis and surgeons’ self-evaluation of the verticalaxis. All analyses were conducted using statistical package PASW Statistics
18.0.2 for windows (SPSS Inc., 2009).

RESULTS
In this study, 302 (87% response rate) surgeons and 269 (84% response
rate) residents participated (table 1). Surgeons’ characteristics are described
in table 1. Responding residents were equally divided over the residency
training years (1st year: 17.8%, 2nd: 15.3%, 3rd: 15.3%, 4th:16.5%, 5th: 21.1%,
5+: 14%). About 44% of the residents were female.
For both SETQ tools, the principal components analysis revealed a five scale
structure on teaching performance. In line with previous SETQ studies,11-13
these scales were labeled as representing five domains of teaching: learning climate (LC), professional attitude towards residents (PA), communication of goals (CG), evaluation of residents (ER) and feedback (FB). The
median score as well as the 20th and 80th percentile score, the factor loading and the item-total scale correlation of the 26 core items are described
in table 2. For internal consistency reliability, Cronbach’s α was ≥ 0.86 for
residents’ tool and ≥ 0.73 for the self-evaluation tool (table 3). Inter-scale
correlations for the tools ranged from 0.33 to 0.69 for residents’ tool and
from 0.18 to 0.58 for the self-evaluation tool (table 4). Items LC6 and FB5
showed high factor loadings on none of the five domains. After consideration of internal consistency coefficients, item-total scale correlations and
the content of the items, we decided to place them in the domains learning
climate and feedback respectively. The correlations between the composite domains and the two items for global rating ranged from 0.50 to 0.70
for residents’ tool and from 0.27-0.56 for the self-evaluation tool (table 4).
Figure 2 shows the correlations between residents’ evaluation and surgeon’s
self-evaluation of surgeons’ teaching performance. For all domains except
the domain evaluation of residents correlations of 0.12-0.18 between the
residents’- and the self-evaluation tool were found (table 5). For the domain
evaluation of residents no correlation was found.
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Table 3 Internal consistency reliability (Cronbach’s α)
Scale

Residents’
tool

Residents’ tool (aggregated Self-evaluation
across surgeons)
tool
0.94

0.73

Professional
attitude
towards residents

0.86

0.90

0.84

Communication of
goals

0.91

0.93

0.82

Evaluation of
residents

0.92

0.95

0.82

Feedback
Overall
(all items)

0.92
0.96

0.95

0.86

Learning
climate

0.89

0.98

0.92

DISCUSSION
Main Findings
This study was set out to study the reliability and validity of the SETQ tools
for surgical specialties and to study surgeons’ and residents’ perception of

surgeons’ teaching performance. The results of this study show that the tools
underlying the SETQ for surgical specialties provide reliable and valid results
and meet current standards.10;20 Further, the correlation between surgeons’
self-evaluation and residents’ evaluation is low.
Explanation of Results
First, the extremely high response rate of both surgeons and residents may
reflect the importance of a system like SETQ for surgical specialties. The
response rates of 87% among surgeons and 84% among residents were
higher then SETQ studies conducted in other specialties,11-13 while participation in this study was completely voluntary and anonymous.

All correlation coefficients have two-tailed P<0.01

Surgeons’ overall teaching performance

Surgeons seen as role model surgical specialist

Feedback

Evaluation of residents

Communication of goals

Professional attitude towards residents

Learning climate

Surgeons’ self-evaluation

Surgeons’ overall teaching performance

Surgeons seen as role model surgical specialist

Feedback

Evaluation of residents

Communication of goals

Professional attitude towards residents

Learning climate

Residents’ evaluation of surgeons

separately

0.56

0.44

1

0.70

0.59

1

0.23

0.29

1

0.26

0.50

0.53

1

0.41

0.34

0.27

1

0.18

0.40

0.58

0.50

1

0.33

0.61

0.31

0.32

1

0.34

0.37

0.47

0.60

0.53

1

0.61

0.41

0.67

Learning Professional
Communica- Evaluation of
climate
attitude towards tion of goals residents
residents

0.38

0.37

1

0.58

0.37

0.55

0.40

0.64

0.62

1

0.69

0.51

0.57

0.57

Feedback

Table 4 Inter-scale correlations and correlations between scales and global ratings for residents’ and surgeons evaluations
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Figure 2 Correlation between residents’ and surgeons’ self-evaluation of surgeons’
teaching performance.

Residents’ evaluation of surgeons’ teaching performance is displayed along the horizontal axes and surgeons’ self-evaluation along the vertical axes. All axes range
from 1 till 5. Correlation coefficients are shown in table 5
Table 5 Kendall’s tau for rank correlations between surgeons’ and residents’
evaluations
Correlation coefficients
τ

p-value

Learning climate

0.14

Communication of goals

0.18

<0.001

Feedback

0.12

0.005

Professional attitude towards
residents
Evaluation of residents

Overall (all scales combined)

0.14

0.03
0.08

0.001
0.002

0.430
0.050

Residents’ evaluations are aggregated across surgeons.
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Factor loadings, internal consistency coefficients, item-total scale correlations and inter-scale correlations all contributed to a satisfactory reliability
and validity of the two SETQ tools.20 The fact that the principal components
analysis revealed the same scale structure for both the self-evaluation as the
residents’ tool indicates that the perception of the constructs of teaching performance is similar among surgeons and residents. Four items (LC5, LC6,
CG5 and FB5) showed lower factor loadings op the primary scale and had
somewhat lower item-total scale correlations compared to the other items.
Nonetheless, these items contain useful information about surgery specific
teaching performance as indicated by both surgeons and residents. The
practical value of these items and the fact that the other reliability and validity indicators (Cronbach’s alpha, inter-scale correlations and the correlation
between scales and the two items for global rating) showed good reliability
and validity of the tools, led us to the decision to keep them in both tools.25
Composition of the scales is largely in line with previous SETQ studies
in other specialties,11-13 however, there are some differences between the
tools for surgical specialties and those of other specialties. Inter-scale correlations, for example, differed substantially from other specialties. Although
inter-scale correlations were used to check for potential overlap between
the scales, variation between specialties may reflect different perceptions of
the domains of teaching performance across specialties. In present surgical
study, the inter-scale correlation between the domain evaluation of residents
and feedback was highest, indicating a relative strong relationship between
those two domains in the perception of residents and surgeons. By contrast,
low to moderate inter-scale correlations between those two domains were
found in other specialties,11-13 indicating that the strong relationship that surgical residents and surgeons see between those two domains is not consistent with the view of their peers in other specialties. Likewise the correlations
between the composite domains and two items for global rating, calculated

to get an indication of the construct validity of the tools, differed compared to
other specialties. Based on previous studies, we would expect correlations
between 0.40 and 0.80.11-13 For the surgical tools we found expected values
for the residents’ tool, but observed somewhat lower values for the self-evaluation tool. These somewhat lower values are no substantial impairment for
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the validity of these tools, however, these differences underline the different
perceptions of teaching performance across specialties and the importance
of validation in specialty-specific settings.18
Mismatching of the evaluations of surgeons and residents about surgeons’
performance, as found in this study, are in line with previous studies.5;12;26 The
patterns in figure 2 indicate that there is low correlation between residents’
and surgeons’ perception of surgeons’ teaching performance. Further, the
equality of individuals on either side of the diagonal lines in figure 2 indicate
that there is no clear trend of surgeons’ over- or underestimating their performance, compared to residents’ evaluation. In general, the results of this
study further support the postulated statement that humans are by nature
poor in performing accurate unguided self-evaluation.6 Subsequently, the
use of valid tools like the SETQ for surgical specialties can be used to inform
self-evaluation and improve the accuracy of self-evaluation.
Strengths and Limitations of this Study
The high response rate and large number of subjects included in this study
contributed to the validity, reliability and statistical power of this study. The
SETQ system for surgical specialties is used in and has been validated for
several subspecialties. Hence, potential differences between subspecialties
were not explored in this study. In addition to the results shown in this paper, we explored if the self-evaluations of surgeons who attended an official
teacher training correlated stronger with residents’ evaluations. Besides, we
checked if surgeons’ gender and residents’ training year influenced these
correlations. The results of these analyses (results not shown) suggest that
none of these factors influence the correlations between surgeons’ self-evaluation and residents’ evaluation.
Implications for Clinical Education, Research and Policy
This study contributes to the growing body of knowledge that suggests that
surgeons can use informed self-evaluation systems for performance enhancement.3;6;8;9;26 Given that we as humans are generally poor in performing
accurate self-evaluation,6 we need to accept external feedback as an indis-

TOOLS FOR SURGEONS’ TEACHING PERFORMANCE

41

pensable source for accurate self-evaluation. Who else, if not residents, can
evaluate their attending surgeons on a regular basis? Robust validated systems, like the SETQ system for surgical specialties presented in this study,
can be indispensable facilitators of the process of self-evaluation. Program
directors can use SETQ for different practical purposes. First, the feedback
generated by SETQ provides surgeons’ with concrete feedback to enhance
their teaching performance. Besides, the fact that there is a teaching performance evaluation makes surgeons’ aware of their educational responsibilities towards residents. From residents’ perspective, by filling out performance
evaluations of their attending surgeons, they are more aware of the educational support they can expect from their attendings. We purpose that the
discrepancy between residents’ and surgeons’ perception about surgeons’
teaching performance, as found in this study, may become smaller when
residents’ regularly evaluate their attending surgeons. The SETQ feedback
will enhance informed self-evaluation of surgeons’ teaching performance, resulting in better matching perceptions of surgeons and residents. In a few
years we hope to provide results on the longitudinal effects of systems like
SETQ on surgeons’ teaching performance and informed self-evaluation. Finally, a program director can use SETQ to get an overview of surgeons exhibiting teaching excellence and surgeons underperforming on their teaching
responsibilities.
To ensure a permanent and longitudinal effect of SETQ on surgeons’ teaching
performance, regular evaluation needs to be integrated in residency training
programs. As illustrated in figure 1, SETQ is developed as a circular system,
wherein the modified (enhanced) teaching performance following the SETQ
feedback from a previous measurement, is reevaluated by a repeated SETQ
measurement a later stage. Further, this study underlines the importance of
research that focuses on continuous validation of existing systems, to ensure
the quality of those systems over time, in cross-cultural settings, and across
specialties.

Conclusions
The SETQ tools for surgical specialties appear to provide reliable and valid
evaluation data for use in surgical departments of Dutch training hospitals.
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We recommend seeing development and validation as a continuous exercise across different settings. The lack of strong correlations between surgeons’ self and residents’ evaluations suggests the need for using external
feedback sources in informed self-evaluation of surgeons.
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ABSTRACT
The System for Evaluation of Teaching Qualities (SETQ) was developed as
a formative system for the continuous evaluation and development of physicians’ teaching performance in graduate medical training. It has been seven
years since the introduction and initial exploratory psychometric analysis of
the SETQ questionnaires. This study investigates the validity and reliability
of the SETQ questionnaires across hospitals and medical specialities using
confirmatory factor analyses (CFA), reliability analysis, and generalizability
analysis. The SETQ questionnaires were tested in a sample of 3025 physicians and 2848 trainees in 46 hospitals. The CFA revealed acceptable fit
of the data to the previously identified five-factor model. The high internal
consistency estimates suggest satisfactory reliability of the subscales. These
results provide robust evidence for the validity and reliability of the SETQ
questionnaires for evaluating physicians’ teaching performance.

48

CHAPTER 3

INTRODUCTION
In teaching hospitals, a core task of most physicians is to provide specialtyspecific training to physicians-in-training (trainees). Graduate medical education (GME) primarily consists of clinical training within a hospital setting
under supervision of staff physicians, who act as supervisors. High quality
GME is very important for providing high quality patient care now and in the
future.1 Therefore, there has been a continuous increase in the awareness
about and attention towards the professional performance of GME supervisors during the last decades.
Gaining insight into the strengths and weaknesses of supervisors’ teaching
performance is crucial for maintenance and enhancement of performance.
While supervisors can self-evaluate their performance to enhance their selfawareness, the feedback of trainees is generally seen as an important feedback source to provide an external view on supervisors’ performance.2 A combination of self- and external evaluations is necessary to provide sufficient input
for good reflection.3;4
Providing supervisors with feedback by trainees on their teaching performance
has become more common over the last decade. Feedback systems that facilitate and guide the flow of feedback towards supervisors have been developed and both supervisors and trainees regard those systems as important
tools for quality assurance in GME.4 The use of feedback systems increased
rapidly and in some countries, feedback is even included in formal evaluation
processes of supervisors. Therefore, it is important that the validity evidence
of the data generated by any such feedback system is strong and up-to-date.
Unfortunately, reviews have concluded that the validity evidence supporting feedback systems is often scarce, of low quality or poorly described.5-7
In the Netherlands, the System for Evaluation of Teaching Qualities (SETQ)
was developed to evaluate GME supervisors’ teaching performance and
provide them with feedback to enhance their performance.8 The SETQ system gathers feedback using two questionnaires, one for supervisors’ selfevaluation and one for trainee evaluations of their supervisors. In general,
the two questionnaires contain the same items. The SETQ questionnaires
were based on an extensive literature review and discussions with stakehold-
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ers.8;9 The system was successfully implemented institution-wide, later nationwide and it is currently being launched in several countries across Europe.
The validity and reliability of the SETQ questionnaires were previously studied
using exploratory techniques and revealed five SETQ subscales with satisfactory psychometric properties that were labelled as creating a safe learning
climate, displaying professional attitude towards trainees, communication of
learning goals, evaluation of trainees’ knowledge and skills, and giving feedback
to trainees.8;10-12 However, the results of such exploratory analyses can sometimes not be reproduced by advanced confirmatory analytical techniques.13;14
Therefore, we applied a confirmatory factor analysis and strong data-driven
generalizability analysis to investigate and further strengthen the evidence
on the validity and reliability of the SETQ questionnaires.

METHODS
Setting and Study Population
In the Netherlands, GME training is a joint responsibility of all supervisors
who form an educational team within a hospital department. In most teaching hospitals, trainees follow a modular schedule to cover the various subspecialties of their main specialty. Depending on the specialty, GME training
lasts four to six years.
Data collection occurred in phases. An evaluation period at a training program
lasted about a month and was usually repeated annually. Data for this study
included evaluations of 215 GME training programs of 46 teaching hospitals
in the Netherlands between February 2012 and October 2013. These were all
GME training programs in the Netherlands that participated in SETQ evaluations during that time. If a training program participated twice during the data
collection period, only data of the most recent evaluation period were included.
Participants were invited to participate in the SETQ via email. The invitation
email stressed the formative purpose and use of the evaluations and the confidential and voluntary character of participation. To encourage participation,
automatic email reminders were sent and in most departments the GME pro-
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gram director further encouraged participation. Trainees could choose which
and how many supervisors to evaluate, based on whose teaching performance
the trainee felt he or she was able to evaluate accurately. Supervisors could
only complete a self-evaluation. After closure of an evaluation period, supervisors received a feedback report, summarizing trainees’ feedback along with
their self-evaluation. The trainees completed the questionnaires anonymously.
Waiver of ethical approval for this study was provided by the institutional
review board of the Academic Medical Center of the University of Amsterdam, Amsterdam, The Netherlands. Waiver was provided because ethical
approval for this study was not required under Dutch law.
SETQ feedback questionnaires
The two SETQ questionnaires (for supervisors’ self-evaluation and for trainee
evaluations of supervisors) contain the same twenty generic items. For some
specialties, a few specialty-specific items were added to yield specialty-specific
feedback. These specialty-specific items were not studied in this paper. The
five subscales of the SETQ questionnaires contained 3 to 6 items that could
be rated on a 5 point Likert-scale: 1 = “strongly disagree”, 2 = “disagree”, 3 =
“neutral”, 4 = “agree”, 5 = “strongly agree” and there was an additional option “I
cannot judge”. In addition to the quantitative items trainees could provide qualitative comments, however, this study focuses on the quantitative items only.
After the initial validation studies of the SETQ questionnaires were published
and before data collection for current study started, items that had shown lower
validity in the initial validation studies had been discussed with several stakeholders including trainees, supervisors, and researchers. Subsequently, the
low validity items that had been prioritized as low by supervisors and trainees
had been excluded from the questionnaires.
Analyses
First, we described the study participants and data using appropriate statistical

measures such as means and their standard deviation. Missing data values
were imputed using expectation maximization (EM) algorithms.15 Second, we
conducted an exploratory factor analysis (EFA, i.e. principal axis factoring with
direct oblimin rotation) on a random sample of 20% of trainee and supervisor
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(self-) evaluations. This sample was later excluded from the confirmatory factor
analysis (CFA). If the structure identified by the EFA supported the PCA structure identified in previous validation studies, this structure would be carried forward and tested using a CFA. Next, a variance-covariance matrix for the CFA
was specified. Because both robust maximum likelihood (robust ML) and
robust generalized least squares (robust GLS) were considered appropriate
estimation techniques considering our data distribution, we estimated two
equivalent CFA models, one estimated with robust ML and one estimated
with robust GLS.16;17 Based on previous studies correlation parameters were
added between all SETQ subscales. The CFA was performed on 80% of the
trainee and supervisor (self-) evaluations.
The CFA models were evaluated using three criteria: (1) overall goodness
of fit parameters, (2) the presence or absence of localized areas of strain
in the solution, and (3) the interpretability and size of model parameter estimates. We pre-specified conventional cut-off values for model goodness of
fit.18 In particular, we assessed the overall goodness of fit using the model
chi-square (χ2), standardized root mean square residual (SRMR, where values <0.08 indicate good fit and <0.12 would indicate acceptable fit), the root
mean square error of approximation (RMSEA, where values < 0.06 indicate
good fit and <0.10 acceptable fit), the comparative fit index (CFI, where values >0.95 indicated good fit and >0.90 acceptable fit), and the Tucker-Lewis
index (TLI, where values >0.95 indicated good fit and >0.90 acceptable fit).
When an individual goodness of fit statistic was beyond the cut-off value for
acceptable fit, this statistic was considered combined with another statistic,
as suggested by Hu and Bentler.19 The localized areas of strain statistics
were the standardized residuals (SR, where z-values < 1.96 indicated good
fit) and the expected parameter changes (EPC). Third, the unstandardized
parameter estimates and their standard errors were calculated. For good
fitting models, unstandardized model parameters are usually high (at least
>0.40) and smaller standard errors generally indicate more precision. To
check the internal consistency of the subscales, we calculated the internal
consistency reliability coefficient, Cronbach’s α. An α of at least 0.70 is generally considered a satisfactory indicator for a scale.20 To check for overlap
between the different scales, the inter-scale correlations were calculated. An
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inter-scale correlation below 0.70 (<50% overlap) was seen as an indication
for a moderate to small degree of overlap, and thus considered satisfactory.20
The CFA, internal consistency analysis and inter-scale correlations were performed for 1) supervisors’ self-evaluations, 2) individual trainee evaluations,
and 3) trainees’ evaluations aggregated on supervisors level, separately.
This was done because both for research and practical purposes, data can
be used on these three levels.
Generalizability analysis was performed to estimate the numbers of trainee
evaluations needed for reliable measures of supervisors’ teaching performance. For different numbers of trainee evaluations per supervisor (2-3,
4-5, 6-7, 8-9 and 10+), the reliability coefficient (α) was calculated. The CFA
was performed using the sem package21 in the statistical software R version
3.0.2. All other analyses were performed using SPSS version 20 (IBM SPSS
Inc, 2012).

RESULTS
Participants and data
In total, 2021 trainees (71.0% response rate) completed 15,639 evaluations
on the teaching performance of 2835 supervisors (94.1% of all supervisors
who could be evaluated) comprising 81 GME programs in academic and 134
programs in generic teaching hospitals (Online table 1 provides more detailed
participant characteristics). Self-evaluations were completed by 2226 supervisors (73.6% response rate). Missing data (including items rated by residents
as “cannot judge”) exceeded 50% for 891 trainee evaluations (5.7% of all the
trainee-evaluations) and for 44 self-evaluations (2.0% of all self-evaluations).
These evaluations were excluded from the analysis. The missing data for the
remaining evaluations were imputed. A summary of the data before and after
imputation showed that the distribution of the data after EM imputation was
comparable to the non-imputed data (Online table 2).
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Since the results of the complete case analysis (that was performed as a sensitivity analysis for the imputation process) revealed comparable results as the
imputed case analysis for all analyses, only the results from the EM imputed
data are shown below.
Psychometrics
The results of the EFA revealed the same five-factor structure that was identified in previous studies (Online table 3). The five factors of the trainee questionnaire explained 69.8% of the variance, while the five factors of the selfevaluation explained 59.0% of the variance across supervisors.
The identified five-factor structure of the questionnaires was tested using CFA
techniques. The global fit parameters indicated acceptable to good fit for both
the trainee questionnaires (individual questionnaire and aggregated on supervisor level) and the self-evaluation questionnaire (table 1). However, the results
of the CFA models estimated using the robust ML and robust GLS technique
differed somewhat. For instance, the goodness of fit indices (CFI and TLI) of
the robust GLS models suggested good fit for all models, while these indices of
the robust ML models suggest acceptable fit for all models. In contrast, the lack
of fit indices (especially the SRMR) of the robust ML models indicate minor lack
of fit, while the SRMR results of the robust GLS models indicate higher lack
of—albeit acceptable—fit. The localized area of strain statistics of the CFA
models indicated no substantial strains in the models. All SRs had z-values
below 1.96 and the EPCs were small. Further, the unstandardized model
parameters were high and the standard errors were small (Online table 4).
For the individual trainee questionnaire, all parameters were above 0.40; for
trainees’ questionnaire aggregated on supervisor level two items had parameter estimates slightly below 0.40 (0.39 and 0.38 respectively) and for
the self-evaluation questionnaire, four items had lower parameter estimates
(ranging from 0.27 to 0.39).
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Table 1 Global fit parameter estimates from the CFA (estimates using the robust ML
method are reported in the table and while those from the robust GLS method are
between brackets)
Individual
trainee
evaluations
Number analyzed (N)

11,659

Comparative fit index
(CFI) §

Standardized root mean
square residual (SRMR)*

Trainees’
Supervisors’
evaluations
self-evaluations
(aggregated to
supervisor level)
2,835

1,746

0.94 (0.99)

0.91 (1.00)

0.92 (0.95)

Tucker-Lewis index (TLI)
§

0.93 (0.99)

0.90 (1.00)

0.91 (0.97)

0.05 (0.11)

0.06 (0.14)

0.05 (0.08)

Root mean square error
of approximation
(RMSEA)#

0.08 (0.06)

0.11 (0.08)

0.06 (0.05)

Model χ2 (for all models
df=160)Ϯ

12,068 (7,715)

5,224 (1,940)

1,252 (927)

Ϯ All models χ2 had p-value <0.001
§ CFI and TLI: values >0.95 indicate good fit, >0.90 indicate reasonable fit.
* SRMR: values <0.08 indicate good fit, <0.12 indicate reasonable fit.
# RMSEA: values < 0.06 indicate good fit, <0.10 indicate reasonable fit.

The reliability coefficients were high for all subscales of the trainee questionnaire and the self-evaluation questionnaire (Online table 5). Internal consistency coefficients (α) ranged from 0.85 to 0.91 for the individual trainee
questionnaire, from 0.89 to 0.93 for trainees’ questionnaire aggregated on
supervisor level, and from 0.73 to 0.84 for the self-evaluation questionnaire.
The inter-scale correlations were all below 0.71 for the individual trainee ques-

tionnaire and the self-evaluation questionnaire (Online table 6). For trainees’
questionnaire aggregated across supervisors higher inter-scale correlations
were found for the scale communication of goals (0.73 with learning climate,
0.72 with evaluation of trainees and 0.72 with feedback), and between the
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scales learning climate and evaluation of trainees (0.77). The generalizability
analysis, that was conducted to reveal if the trainee evaluations, aggregated
on supervisor level, had high α levels even if just a few trainees completed an
evaluation for a specific supervisor, revealed that if only two or three trainees
completed an evaluation, α > 0.89 for all subscales. In general, as expected,
reliability levels were higher when more trainees completed an evaluation for
a specific supervisor (Online table 7).

DISCUSSION
This study provides strong evidence for a sufficient validity and reliability
of the SETQ questionnaires in a large and diverse sample population. By
completing only twenty items, five subscales of supervisors’ teaching performance can be reliably measured. The generalizability analysis showed
that trainee evaluations of supervisors had high reliability levels, even when
only two or three trainees completed an evaluation of their supervisor.
The SETQ subscales that were tested in this study were based on generic
educational and psychological theories about learning and empirical observations of clinical teaching.8;22;23 After the introduction of competency based
GME and the implementation of competency frameworks by the Accreditation Council for Graduate Medical Education (ACGME) and the Royal College’s Canadian Medical Education Directives for Specialists (CanMEDS),
the desired competencies for medical educators were updated by Srinivasan
et al.24 Although sometimes labeled somewhat differently, all SETQ domains
were identified by the updated set of competencies as highly relevant for
competency based GME. In addition to the SETQ domains, some additional
competencies were identified that are currently not captured by the SETQ;
no other instrument captures all the proposed domain nor is any likely to
given the necessary trade-off between measurement length (or feasibility)
and completeness.24

This study uses confirmatory techniques to strengthen the theoretically driven factor structure and provides strong validity and reliability.1;8;11;12 Strong evidence supporting the validity of evaluation instruments may help the many
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supervisors using SETQ in taking the feedback generated by those instruments seriously. Also, the evidence is important for the scientific research using the SETQ questionnaires to measure supervisors’ teaching performance
and may even further enhance the use of the SETQ for research purposes.
Choosing an appropriate estimation technique to estimate the CFA model
is not a straightforward procedure since there is disagreement about which
estimator (e.g. ML, GLS, WLS, ULS) should be used for data that deviates
from a perfect normal distribution.16-18;25 Based on the recommendations of
the literature and given the distribution of our data we choose to estimate two
equivalent models for the CFAs, using two different estimators (i.e. robust
GLS and robust ML). Surprisingly, some of the goodness of fit statistics differed considerably between two equivalent models. The TLI, CFI and SRMR
were consistently higher for the GLS estimated models, while the RMSEA
was consistently higher for the ML estimated model. For the trainee evaluations on supervisor level, for instance, CFI and TLI statistics of the GLS
estimated model suggest perfect fit of the model (values of 1.00), while these
statistics estimated with the ML estimator just reach acceptable fit (values of
0.90 and 0.91 respectively). When the goodness of fit statistics are considered combined, as suggested by Hu and Bentler,19 all equivalent models lead
to similar conclusions regarding acceptance or rejection of the model.
We split the sample to conduct the EFA and CFA, but eventually they were
derived from the same sample population. Ideally, we would have tested the
EFA and CFA on different population samples, but given the diversity and
size of our sample population, we think our approach is reasonable here.
Further, although our models were not fully hierarchical to account for clustering by program or hospital, our results compare well to more complicated
cross-classified multilevel CFA models, since the vast majority of the variance is at the supervisor level. The large multicenter setting and the high
response rates of this study ensure sufficient generalizability of the results
for GME training in the Netherlands. Although the SETQ constructs were
largely based on research from the United States,22;23 the results of this study
cannot be generalized to GME training programs in other countries without
some caution.
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Although this study provides strong evidence supporting the psychometric
qualities of the SETQ, we must underscore the importance of viewing validation as an ongoing process. Measurement instruments need to be validated
and updated over time for their continued relevant and appropriate use in
various contexts and groups. The validation process will include (but will not
be limited to): regularly interviewing stakeholders, updating the SETQ items
in response to scientific, practical and psychometric findings, and relating
performance scores to outcomes that they are expected to correlate with.
Such outcomes should reflect teaching and clinical performance, including
patient outcomes following care delivered by residents in-training and attending physicians. In future work we will continue to address these validation issues.
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NOTES
More detailed results are available through the online tables that can be accessed through the following link: http://website.professionalperformanceonline.nl/en/supplementarymaterial. This link also includes the syntax we used
to conduct the CFA using the sem package in R Statistics. Along with a useful instructional video (http://vimeo.com/38941937), this may help researchers who want to conduct a CFA using the free R software.
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ABSTRACT
Background: This study evaluates how residents’ evaluations and self-evaluations of surgeon’s teaching performance evolve after two cycles of evaluation, reporting and feedback. Furthermore, the influence of over- and underestimating own performance on subsequent teaching performance was
investigated.
Methods: In a multicenter cohort study, 351 surgeons evaluated themselves
and were also evaluated by residents during annual evaluation periods for
three subsequent years. At the end of each evaluation period, surgeons received a personal report summarizing the residents’ feedback. Changes in
each surgeon’s teaching performance evaluated on a 5-point scale were
studied using growth models. The effect of surgeons over- or underestimating their own performance on the improvement of teaching performance was
studied using adjusted multivariable regressions.
Results: Compared to the first (median score: 3.83, 20th – 80th percentile
score: 3.46 – 4.16) and second (median: 3.82, 20th – 80th: 3.46 – 4.14) evaluation period, residents evaluated surgeon’s teaching performance higher
during the third evaluation period (median: 3.91, 20th – 80th: 3.59 – 4.27),
p<0.001. Surgeons did not alter self-evaluation scores over the three periods. Surgeons who overestimated their teaching performance received lower subsequent performance scores by residents (regression coefficient b=
-0.08, 95% confidence limits (CL) = -0.18, 0.02) and self (b=-0.12, 95% CL=
-0.21, -0.02). Surgeons who underestimated their performance subsequently
scored themselves higher (b=0.10, 95% CL= 0.03, 0.16), but were evaluated
equally by residents.
Conclusions: Residents’ evaluation of surgeon’s teaching performance was
enhanced after two cycles of evaluation, reporting and feedback. Overestimating own teaching performance could impede subsequent performance.
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INTRODUCTION
Training residents is a key task of surgeons in teaching hospitals. Gaining insights into the strengths and weaknesses of surgeons’ teaching performance
is crucial for the maintenance and enhancement of high quality training programs. There is evidence suggesting that unguided (isolated) self-evaluation of
performance does not provide sufficient information for adequate performance
enhancement .1;2 In response to these findings, a process of informed self-evaluation, including both external and internal data to self-evaluate performance,
has been suggested as a valuable alternative.3 There are several feedback
sources that can provide an external view on surgeons’ teaching performance,
including feedback of residents in training. Previous research has shown that
surgeons found residents’ feedback valuable, especially when they combined
it with a self-evaluation of their performance to enhance their self-awareness.4
Robust performance evaluation systems are now available to guide residents
in the process of collecting and feeding back surgeons’ performance data for
the purpose of informing surgeons about their teaching performance.5-7 However, the effects of such evaluation systems on surgeons’ subsequent teaching performance are unknown. Therefore, this study evaluates how surgeons’
teaching performance evolves after two cycles of evaluation, reporting and
feedback.
In the process of informed self-evaluation, internal and external data sources are integrated to provide a comprehensive overview of surgeons’ performance.3 However, combining and comparing such data sources as resident-evaluations and self-evaluations of surgeons’ teaching performance,
can result in tensions on behalf of surgeons, thereby leading to delay or even
dismissal of self-improvement actions.8-11 Especially surgeons who reveal a
discrepancy between self- and external evaluations of their performance,
may develop (emotional) reactions that can impact their reaction towards
their performance feedback and subsequently their actual performance improvement.8-13 Besides, psychological studies show that discrepancies between self and other perceptions of one’s performance can be perceived
as unsatisfactory and suggest that overestimating can impede subsequent
performance, while underestimating is usually harmless for performance.14-20
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Consequently, surgeons may aim to minimize the discrepancy by either attempting to influence resident-evaluations or by adjusting their self-evaluations. This study evaluates the influence of over- or underestimation on subsequent teaching performance. This study has two main aims. First, we will
explore how resident-evaluations and self-evaluations of surgeons’ teaching
performance evolve after two cycles of evaluation, reporting and feedback.
Second, we will explore if over- or underestimating of surgeons’ own performance influences resident- and self-evaluations of surgeons’ subsequent performance.

MATERIALS AND METHODS
Setting and Study Population
This study was conducted at 29 surgical teaching programs in 13 hospitals,
including general surgery (10), obstetrics & gynecology (10), ophthalmology
(3), orthopedic surgery (2), otorhinolaryngology (1), urology (1), neurosurgery (1) and plastic surgery (1). Teaching programs could participate voluntarily by approaching the project leaders. In the Netherlands, postgraduate
medical training is organized in eight geographical regions, each coordinated
by an academic medical center. All larger (>5 residents) surgical training
programs that were based at or coordinated from the project leaders’ academic medical center participated in this study (24 out of the 29 programs
included in this study). Additionally, five training programs from other regions
in the Netherlands participated. Data was collected from September 2008 till
May 2013 and occurred during annual evaluation periods lasting one month.
Residents could choose which and how many surgeons to evaluate, based
on whose teaching performance the resident believed he/she could evaluate
accurately. For each residency training program, data from three subsequent
evaluation periods were included, which represent two full cycles of evaluation, feeding back, follow-up and re-evaluation. In total, 351 surgeons were
invited to participate in this study. Only surgeons who participated during the
first evaluation period at their training program were included in this study; none
of the surgeons could enter during a later evaluation periods. All residents were
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asked to provide feedback. Overall, 299 residents were invited to evaluate surgeons’ teaching performance during the first, 346 during the second and 341
during the third evaluation period. Participants were invited to participate via
email, stressing the formative purpose and use of the evaluations and the confidential and voluntary character of participation.
System for Evaluation of Teaching Qualities (SETQ)
We used the System for Evaluation of Teaching Qualities (SETQ), which provides surgeons with reliable and valid evaluations of and feedback on their
teaching performance in order to improve the quality of teaching in residency
training. The SETQ items are theory-based and extensively tested.5;6;21;22 The
items are listed in Appendix table 1. Briefly, the SETQ is composed of two
tools (questionnaires), one for surgeons’ self-evaluation and another for resident- evaluation of a surgeon’s teaching performance. The two tools include
exactly the same items and were applied web-based. The tools consisted of 26
items.5;6 Each item could be rated on a 5 point Likert-scale: 1 = “strongly disagree”, 2 = “disagree”, 3 = “neutral”, 4 = “agree”, 5 = “strongly agree” and there
was an additional option “I cannot judge”. The items were statements such as
“this surgeon explains why residents are incorrect”. In addition to these numerical items, the tools contained two narrative items: residents could provide “positive attributes of surgeon’s teaching performance” and “suggestions for improvement of surgeons’ teaching performance”. A previous study showed that
residents provided surgeons with a median of 11 positive open-text feedback
comments and 4 suggestions for improvement per evaluation report.23 The day
after closure of an evaluation period, surgeons received their individual feedback report, summarizing residents’ ratings and narrative comments, along
with their self-evaluation. Previous studies indicated that resident-evaluations
of surgeon’s teaching performance had high reliability at six to eight residentevaluations.5;6 To preserve the anonymity of the residents, only the number
of residents that provided feedback was reported to surgeons. The surgeons
were encouraged to discuss their feedback with their peers or program director.
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Study Variables
The first variables of interest were surgeons’ self-evaluation and residentevaluations of surgeons’ teaching performance. To obtain an overall teaching
performance score, all SETQ items were averaged. For residents, evaluations
were aggregated on surgeon level first. Subsequently, the discrepancy between resident- and self-evaluation was calculated. Previous studies defined
the cut-off points for over- and underestimating at half a standard deviation (which corresponds to 0.45-0.50 point across the evaluations in current
study).15;19 Although no clear rationalization for this method of selecting cutoff points had been given in the previous studies,15;19 absence of a rationalized alternative led us to adapting this method in current study. Consequently
we categorized surgeons who evaluated their performance > 0.5 higher than
residents as overestimating, surgeons who evaluated their performance >
0.5 lower than residents as underestimating and as in-agreement if the discrepancy was within +0.5 to -0.5. In addition, a few covariates were included in
the analyses, these were: surgeon’s sex, years of experience, teacher training, whether or not surgeons formally discussed the feedback of a previous
evaluation, training programs’ specialty and training programs’ hospital.
Analytical Strategies
Initially, we calculated appropriate descriptive statistics. Subsequently, missing data were imputed using multiple imputations (mice package in R statistics).24 We used generalized linear mixed effects growth models to explore
how the evaluation scores changed over the three subsequent evaluation
periods.25;26 The mixed models framework allowed for adjustment of clustering on individual, specialty and hospital levels.
Next, the effect of over- and underestimating performance on subsequent
teaching performance was analyzed using regression analysis. More specifically, sequential g-estimation within generalized linear mixed models
framework was used (a technique developed to estimate causal effects with
time varying exposures in longitudinal studies).27 The first regression model
had resident-evaluated subsequent teaching performance as outcome and
included whether surgeons over- or underestimated their previous perfor-
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mance as predictor. The second model had surgeons’ self-evaluated subsequent teaching performance as outcome and included whether surgeons
over- or underestimated previous performance as predictor. Both models
were additionally adjusted for previous teaching performance scores, whether surgeons formally discussed their previous evaluation report, surgeon’s
sex, experience, teacher training, residency training programs’ specialty and
residency training programs’ hospital. Effect heterogeneity by surgeon’s sex
and by surgeons who discussed or did not discuss their previous performance
was explored and will be reported in an appendix.
Because this cohort study involved surgeons who were lost to follow-up (because they retired, switched jobs, quit teaching or received no residents’
evaluation), sensitivity analysis for this loss-to-follow-up (or selection or censoring) bias were performed. In this sensitivity analysis, the inverse probability of censoring (IPC) weight was calculated for each surgeon based on a
surgeon’s background characteristics and his evaluation scores of previous
evaluations.28 Subsequently, all models described above were re-estimated,
now weighting each surgeon by their IPC weight to account for the loss-tofollow-up bias. All analyses were performed using IBM SPSS Statistics 21.0
for windows operating system.

RESULTS
Study participants and response
Of the 351 invited surgeons, 347 (99%), 313 (89%) and 288 (82%) received
residents’ feedback during the first, second and third evaluation periods respectively. Self-evaluations were completed by 295 (84%), 249 (71%) and
242 (69%) surgeons during the first, second and third evaluation periods respectively. Residents’ response rates were 84%, 74% and 78% respectively
during the three subsequent evaluation periods. Characteristics of surgeons
and residents are reported in table 1.
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Table 1 Study and participants’ characteristics
Evaluation
period 1

Evaluation
period 2

Evaluation
period 3

Number of surgeons that performed a
self-evaluation (% of study population)

295 (84%)

249 (71%)

242 (69%)

Number of residents that performed
evaluations (% of study population)

251 (84%)

256 (74%)

266 (78%)

Number of surgeons who received a
feedback report containing residents’
feedback (% of study population)

347 (99%)

313 (89%)

288 (82%)

Median number of resident-evaluations
per feedback report

7

6

6

Percentage of surgeons who attended a
formal teacher training course

65%

81%

86%

Percentage of surgeons who discussed
their feedback following the evaluation

72%

71%

-

Surgeon’s age (mean ± SD)

48.1 (8.2)

-

-

Percentage of female surgeons

33%

-

-

Percentage of female residents

53%

51%

60%

Percentage of residents in residency
year 3-4

25%

27%

27%

25%

30%

34%

Evaluation characteristics

Surgeons characteristics

Number years of experience at current
training program (mean ± SD)
Resident characteristics

Percentage of residents in residency
year 1-2

Percentage of residents in residency
year 5-6

10.0 (8.4)

49%

-

43%

-

39%

Findings
The median score of resident-evaluations of surgeons’ teaching
performance increased from 3.83 in the first and 3.82 in the second evalu-
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ation period to 3.91 in the third evaluation period (p<0.001) (Table 2, Figure 1). Surgeons’ median self-evaluated teaching performance scores did
not change over the three subsequent evaluation periods and the growth
models indicated no change (Table 2, Figure 1). There were no differences between the unweighted growth models and the IPC weighted models.
Overestimating teaching performance resulted in lower subsequent teaching performance as evaluated by both residents (regression coefficient (b) =
-0.08, 95% confidence limits (CL) = -0.18, 0.02) and surgeons themselves
(b= -0.12, 95% CL = -0.21, -0.02). Underestimating performance did not
impact resident-evaluated teaching performance (b= 0.01, 95% CL= -0.08,
0.06), while it resulted in enhanced self-evaluated performance (b= 0.10,
95% CL= 0.03, 0.16) (Table 3). The IPC weighted models yielded similar effect estimates and are available through Appendix table 2.
Figure 1 Median teaching performance scores over three subsequent evaluation
periods
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Table 2 Median, 20th and 80th percentile scores, marginal means and 95%
confidence limits (CL) of residents’ evaluations and surgeon’s self-evaluations for
the three subsequent evaluation periods
Evaluation
period 1

Evaluation
period 2

Evaluation
period 3

mean performance score of residents’ evaluations (95% CL)

3.79 (3.75,
3.84)

3.79 (3.74,
3.84)

3.91 (3.86,
3.96)*

mean teaching performance
score of surgeon’s self-evaluations (95% CL)

3.69 (3.64,
3.73)

3.70 (3.66,
3.75)

3.70 (3.66,
3.75)

median teaching performance
score of residents-evaluations
(20th, 80th percentile score)

median teaching performance
score of surgeon’s self-evaluations (20th, 80th percentile score)

3.83 (3.46,
4.16)

3.70 (3.44,
3. 98)

3.82 (3.46,
4.14)

3.72 (3.40,
4.00)

3.91 (3.59,
4.27)

3.70 (3.43,
3.99)

* = the growth models indicated that the mean score of the third evaluation period
was higher compared to the mean scores of the first and second evaluation period
by p>0.001)

Surgeons’ sex was found to modify the relationship between over- and underestimating teaching performance and subsequent performance. Therefore, the models were re-estimated for male and female surgeons separately
(Appendix table 3, Appendix figure 1). No modification by discussion of feedback was found.

DISCUSSION
This study showed that residents evaluated surgeons’ teaching performance

higher after two cycles of evaluation, feeding back, follow-up and re-evaluation. Surgeons’ self-evaluations of their teaching performance did not alter
over the years. Surgeons who overestimated received lower scores by residents on their subsequent teaching performance. Surgeons who underesti
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mated, self-evaluated their subsequent teaching performance higher, while
surgeons who overestimated self-evaluated their subsequent performance
lower.
Surgeons’ teaching performance was enhanced after two cycles of feedback,
but not after the first feedback cycle. Several reasons such as lack of time to
or low prioritization of changing particular behaviors in response to feedback,
could have delayed actual changes in behaviors.23;30
Table 3 Unstandardized regression coefficients (b) and 95% confidence limits (CL)
for the associations between (residents’ and own) evaluation discrepancy and surgeon’s subsequent teaching performance
Resident-evaluations of surgeon’s subsequent teaching
performance

Surgeon’s own evaluation of
subsequent teaching
performance

-0.08 -0.18

0.02

0.116

-0.12

-0.01 -0.08

0.06

0.692 0.10

b

Overestimated
teaching
performance at
previous
evaluation
(reference =
in-agreement
with residents)

Underestimated
teaching
performance at
previous
evaluation
(reference =
in-agreement
with residents)

Lower Upper p95%
95%
value
CL
CL

b

Lower
95%
CL

Upper p95%
value
CL
-0.02

.015

0.03

0.16

.003

-0.21

All models were additionally adjusted for previous teaching performance, teacher
training, number of years experience at current training program, residency training
programs’ specialty and residency training programs’ hospital
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Besides, there may be some distrust in the validity and usefulness of a recently developed evaluation system and surgeons may perceive discomfort
with the new process of receiving residents’ feedback.23 These factors may
have impeded surgeons from changing their behaviors after the first feedback cycle. After the second cycle, surgeons – individually as well as a group
- were more familiar with the evaluation system and the process of receiving
feedback, and may have prioritized changes higher after receiving particular
feedback twice.
Surgeons who overestimated their performance had lower subsequent teaching performance as evaluated by residents. As noted earlier, although the
regression coefficients are small, they do have potential clinical relevance.29
Several managerial and psychological studies found similar negative effects
of overestimating one’s own performance.15-17;19 The negative effects may be
caused by the perceived inaccuracy of the feedback by overestimating surgeons or by other negative (emotional) reactions evoked by overestimating
one’s own performance.10;11;17;31;32 An alternative explanation for the negative
effects of overestimation may be found in the different background characteristics of over-estimators compared to under- and in-agreement estimators.19
It was proposed that characteristics as gender, experience and age might
influence performance (enhancement) more than the overestimation itself.
Previous studies identified that over-estimators tended to be older and more
likely to be male compared to under- or in-agreement estimators.19;33 The
modification by surgeons’ sex, as found in this study, also suggests that female surgeons, who are less likely to be over-estimators, had higher subsequent performance compared to male surgeons. With more females entering
surgery, the number of overestimating surgeons may decrease in the near
future. Underestimation of performance had no influence on subsequent
teaching performance as evaluated by residents. This may not be surprising,
since most studies in the psychological literature found little differences in
performance between under-estimators and in-agreement estimators.15;16;19

Surgeons who overestimated their teaching performance self-evaluated
lower in subsequent evaluations, while surgeons who underestimated rated
themselves higher in follow up evaluations. These findings are in line with
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previous research showing that peoples’ most obvious reaction towards external performance evaluations that disagree with self-evaluations of performance, is to converge their self-evaluations in a follow-up evaluation towards
the external ratings.15;18;20 These findings can be explained by the self-consistency theory, that states that people seek to minimize the discrepancy
between self- and external ratings of performance.14
In line with informed self-assessment theory,3 the results of self- and external evaluations should be integrated to draw any conclusions about the
(enhancement of) performance of individual surgeons. We suggest that, at
least, resident- and self-evaluated performance are considered when interpreting the performance of individual surgeons, especially since we know
that these two evaluations tend to be complementary, not identical.5;34
This study involved all clinician teachers of 29 residency training programs
of 13 teaching hospitals. The participation rates were high, loss to follow-up
was limited to only 17% over three years and several potential sources of
bias (including loss to follow-up bias) were addressed in the data analyses
and contributed to the robustness of this study’s findings. The cut-off scores
for over- and underestimating applied in this study were arbitrary, although
they were similar to previous studies on this topic.15;19 Further, there was no
uniform procedure for the discussion of the feedback. Therefore, modification by discussion of feedback and adjustment of the regression analyses
could only be performed for the variable if the feedback was formally discussed and not how the feedback was discussed. The results of this study
suggest that changing performance takes time and therefore, it will be interesting to study if a surgeon’s performance will be even further enhanced
after a third, fourth or fifth evaluation cycle. Future studies will explore the
effects of evaluation over a longer follow-up period. Because the self-evaluated performance remained stable while resident-evaluated performance
was enhanced, fewer surgeons were overestimating their performance after
two SETQ cycles. Given the finding that overestimating performance negatively impacted subsequent performance, this trend is probably beneficial for
surgeon’s subsequent performance after more than two SETQ cycles.
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Knowledge about whether surgeons over- or underestimated their teaching
performance can be important to guide the follow-up once the feedback is received. Because surgeons who overestimated their performance were more
likely to have lowered subsequent teaching performance, specific guidance
and support in the reflection process can probably help these surgeons in
their interpretation of, and reactions after receiving, the feedback. For this
purpose, structured reflection methods that take surgeon’s individual emotions and the specific content of the feedback into account, may help surgeons in appreciating their performance evaluation feedback.35 However,
more research is needed to explore if tailored guidance and support, for
surgeons who over-, under- or in-agreement estimated their performance,
for male and female surgeon, can enhance subsequent performance.
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ABSTRACT
The purpose of this study was to investigate the predictive value of residents’ numerical and narrative feedback and faculty’s completion of a selfevaluation on faculty’s teaching performance improvement as perceived by
residents. We present a prospective cohort study that was conducted in the
Netherlands from September 1, 2008 till February 1, 2013. Nine hundred and
one residents and 1,068 faculty of 65 teaching programs in 16 hospitals were
invited to annually (self-) evaluate teaching performance using the validated
System for Evaluation of Teaching Qualities (SETQ). We used multivariable adjusted generalized estimating equations to analyze the effects of (i) residents’
numerical and (ii) narrative feedback and (iii) whether or not teaching faculty
self-evaluated on residents’ perception of faculty’s teaching performance improvement.
The average response rate over three years was 69% for faculty and 81% for
residents. Higher numerical feedback scores were associated with improved
teaching performance one year following the first measurement (regression
coefficient, b: 0.077; 95% CI: 0.002 to 0.151; p=0.045), but not after the
second wave of receiving feedback and evaluating improvement. Receiving
more suggestions for improvement was associated with improved teaching
performance throughout follow-up. Neither the number of positive comments
nor participation in self-evaluation had impact on teaching performance improvement.
In conclusion, teaching performance evaluation systems may be helpful in
enhancing faculty’s teaching performance in residency training. Receiving
more narrative suggestions for improvement might help faculty to improve
their teaching performance in subsequent years.

82

CHAPTER 5

INTRODUCTION
In residency training, or postgraduate medical education, teaching faculty supervise residents, serve as role models and facilitate learning of residents in
the clinical setting.1-4 To support faculty in providing high quality training during daily patient care, teaching evaluation systems have been developed.5-9
Generally, these evaluation systems provide faculty with performance feedback and often consist of residents’ feedback and a self-evaluation. There
is limited evidence on the effect of these systems on faculty’s subsequent
teaching performance. Organizational psychology literature and knowledge
from clinical performance improvement of physicians suggest that research
should focus on how individuals improve their performance rather than the
question whether performance improves through feedback.10-12 Therefore,
the overall aim of the study is to investigate which aspects of teaching evaluation systems predict improvement of future performance of individual faculty providing residency training.
First, in teaching evaluation systems residents’ feedback is gathered, which
generally consists of numerical scores and narrative comments. The predictive value of numerical feedback on subsequent performance was found to
be small, but potentially meaningful.12;13 However, there is a lack of knowledge on the impact of numerical feedback scores (higher or lower) on subsequent performance.
Second, in addition to numerical feedback, there is increased attention for
narrative comments, or written feedback. Narrative feedback is regarded as
a rich source of information and shown to add individualized information to
the evaluation scores.14;15 The hypothesis would therefore be that receiving
more narrative feedback stimulates performance improvement.
Third, besides the input of residents’ feedback on teaching performance, a
critical self-evaluation by faculty, as is frequently used in multi-source feed-

back assessments in clinical performance assessment, can complement
performance assessment.16;17 Comparing both evaluations (residents’ and
self) can create direction for improvement: discrepancies between selfand other-ratings can be motivating when over raters receive critical feed-

PERCEIVED TEACHING PERFORMANCE IMPROVEMENT AFTER FEEDBACK

83

back.13;18;19 Furthermore, individuals who increase the discrepancy of selfother ratings by aiming for higher ratings may be more motivated to improve
their performance.12;13;20;21 We hypothesize that faculty who complete a selfevaluation and thus create something to compare residents’ feedback to,
will subsequently improve their performance more than faculty who do not
complete a self-evaluation. It is important to test this hypothesis, because
the self-other discrepancy can harm ones self-image or result in decreased
motivation when unfavorable feedback is received by someone with low selfesteem.12;22;23
The aim of this prospective cohort study is to investigate the predictive value
of (i) numerical feedback, (ii) number of both positive feedback comments
and suggestions for improvement, and (iii) completing a self-evaluation on
subsequent teaching performance of faculty who train residents.

METHODS
Study setting and the SETQ-system
In the Netherlands, the trajectory to become a medical specialist starts after
finishing six years of high school. Medical students than proceed through
six years of study with two to three years of placements. After graduating
as medical doctors, residency training consists of three to six years training
in both university medical centers as well as university affiliated community
based teaching hospitals. Within residency training, all faculty are responsible for the training of residents while ensuring high quality patient care. In
the Netherlands, the development of the System for Evaluation of Teaching Qualities (SETQ system) started in 2005 with a pilot study followed by
implementation of a web-based system to carefully assess all aspects of the
system.24;25 In 2008, the web-based SETQ system was launched to provide
easy access to all faculty interested in evaluating and possibly improving
their teaching performance. The system has been validated for anesthesiology, obstetrics and gynecology, surgical specialties, and medical specialties.5;7-9 Residents’ evaluation of faculty’s teaching performance and faculty’s
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self-completed evaluation both consist of the same 22 generic questions
and 2 to 8 specialty specific questions and were executed simultaneously.5;7-9 The questions can be organized into five teaching domains: creating
a positive and safe learning climate, keeping a professional attitude towards
residents, communicating about learning goals, evaluating residents’ competence and performance, and providing feedback. In addition, residents are
encouraged to provide written comments on faculty’s teaching performance:
‘Please provide strengths of faculty’s teaching performance’ and ‘Please
provide concrete suggestions for improvement of faculty’s teaching performance’. Residents are free to choose whom to evaluate, based on whom
they have worked with. After completion of the measurement instruments,
faculty individually receive an automatically generated SETQ feedback report containing all residents’ evaluations, their self-evaluation scores, a numerical comparison with colleagues, a peer group ranking (in groups with 15
or more faculty), and all narrative comments. Previous studies showed that
the feedback reports of faculty who received four to six residents’ evaluations
could be considered statistically reliable.5;7-9 After the first wave of measuring
teaching performance and receiving feedback, subsequent measurements
were complemented with a question on improvement of faculty’s teaching
performance: ‘If you worked with this faculty during the past year, have you
observed any changes in his or her teaching performance as your supervisor (since the last SETQ evaluation), and if so, how would you qualify these
changes?’. This question was answered on a 4-point Likert response scale:
1 = declined; 2 = not changed; 3 = somewhat improved; 4 = greatly improved.
There was an additional option “I cannot judge”.
Study population
From September 1, 2008 to February 1, 2013, residents and faulty could
enroll in a yearly evaluation of teaching performance of individual faculty
through the SETQ system. Participants were followed-up for three consecutive years (which included two waves of receiving SETQ feedback and two
follow-up measurements on teaching performance improvement). Faculty’s
identification codes were matched. In total, 1068 faculty and 901 residents
from 65 residency training programs, representing four university-based and
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twelve community-based hospitals, were invited. No financial compensation
was provided for participation.
Outcome measure and predictors
The main outcome of all the models was the teaching performance improvement of faculty rated by the residents one year after the feedback was provided. Residents’ ratings of improvement on the above mentioned 4-point Likert
scale was aggregated to faculty level and used as outcome in the analyses.
The mean of all numerical SETQ-items was calculated per evaluation. Subsequently, these mean scores were aggregated per faculty, resulting in the
predictor variable ‘numerical feedback’. The ‘narrative feedback’ was coded
and counted before included in the analyses. We coded the narratives on
their direction: ‘positive comments’ or ‘suggestions for improvement’ and
counted the number of these comments. Counting the number of comments
in a specific category was found to be possible with an inter-rater reliability
of 0.98.26 Consequently, one researcher (RvdL) could individually code the
direction and number of narrative feedback comments. The number of positive comments and suggestions for improvement were predictor variables
in the models. Finally, we also included a binary variable on whether or not
each faculty completed a self-evaluation of their own teaching performance
concurrently during the wave in which residents evaluated them.
Data analysis
Prior to analysis, all variables were examined for accuracy of data entry,
missing values, and meeting the assumptions of multivariable analysis. We
handled missing data using the well-established techniques of multiple imputation.27;28 We created five imputed databases which were then analyzed
in parallel; their results were pooled using methods that accounted for the
uncertainty of the imputation process.27;28 The data were aggregated to the
faculty level. We analyzed our data using linear generalized estimating equa-

tions (GEE) that allowed for the clustering of the outcome data on faculty
within hospitals and specialties. Given our longitudinal data, we specified
our regression models as structural nested mean models, the parameters
of which were estimated using sequential g-estimation.29;30 G-estimation is
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a sophisticated analytical technique developed for use in longitudinal data
settings where some predictors can be mediators and confounders of subsequent predictor-outcome relationships, as in this study. We fit four final models altogether. The first model analyzed the influence of residents’ feedback,
namely i) their numerical feedback score, ii) the number of positive comments
provided, and iii) the number of suggestions for improvement provided in the
first SETQ wave as predictors of perceived performance improvement measured in the second SETQ wave. That is, the outcome was faculty’s teaching
performance improvement, as rated by the residents one year later (at wave
2). The second model was equivalent to model 1, but further adjusted for
residents’ feedback provided in the second SETQ wave and using faculty’s
teaching performance improvement one year after (that is, at wave 3) as the
outcome. Models 3 and 4 added, to models 1 and 2 respectively, the variable
on whether faculty performed self-evaluation. All models were additionally
adjusted for these covariates: hospital, specialty, faculty’s age, and faculty’s
gender. We conducted all analyses using SPSS 20.0 for Windows OS (IBM
SPSS Inc., Chicago, 2012).
Ethical consideration
We consulted the institutional ethical review board of the Academic Medical Center of the University of Amsterdam (AMC). They confirmed that the
Medical Research Involving Human Subjects Act (WMO) did not apply to this
study and thus waived ethical approval.

RESULTS
In total, residents completed 17,049 evaluations of faculty’s teaching performance in three years. Over these three years, residents’ response rates
were 91%, 80% and 72% respectively. After data imputation, data was avail-

able for 992 faculty for the first wave and 847 faculty for the second wave.
Participants’ characteristics are shown in table 1. As shown in table 2, faculty
received an average numerical feedback score of 3.82 over the years. The
narrative feedback per faculty consisted of approximately 10 positive com-
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ments and 4 suggestions for improvement. Most faculty completed a selfevaluation (812 in the first year and 597 in the second year). When categorizing residents’ perception of faculty’s improvement, most faculty somewhat
improved their teaching performance or did not change (see table 2).
The results of the multilevel regression models indicate that faculty who
received higher numerical feedback scores were more likely to improve
(b=0.077, p=0.045 in model 1 and b=0.077, p=0.042 in model 3) in SETQ
wave 1, however, no effect of numerical feedback scores was found in SETQ
wave 2. The amount of positive narrative comments was not associated with
improvement in both SETQ wave 1 and wave 2. Faculty who received more
suggestions for improvement were more likely to improve their teaching performance (first SETQ wave: b=0.010, p=0.056 for model 1, and b=0.011,
p=0.050 for model 3; second SETQ wave: b=0.009, p=0.006 for model 2 and
b=0.009, p=0.006 for model 4). Whether or not faculty self-evaluated did not
impact their improvement. All results are presented in table 3.
Table 1 Characteristics of faculty and residents who participated
Number of faculty who participated (response rate)

Number of residents invited to evaluate faculty’s teaching performance during the first SETQ wave (response rate)

992 (93%)
901 (91%)

Number of residents invited to evaluate faculty’s improvement after
the first SETQ wave and faculty’s teaching performance during the
second SETQ wave (response rate)

816 (80%)

Faculty from medical specialties

66.1%

Faculty from surgical specialties

33.9%

Faculty from community-based, university affiliated hospitals

31.1 %

Mean age of faculty (standard deviation)

46.75 years
(8.50)

Number of residents invited to evaluate faculty’s improvement of
862 (72%)
teaching performance after the second SETQ wave (response rate)

Faculty from university teaching hospitals
Percentage of male faculty

68.9%
60.1%
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DISCUSSION
Main findings
This study provides empirical data on the effect of residents’ feedback and
faculty’s self-evaluation on subsequent teaching performance of faculty
working in residency training. Receiving higher numerical feedback scores
increased performance, but only after the first feedback wave. The positive
effect of the narrative suggestions for improvement on teaching performance
was seen in both the first and second feedback waves. Finally, completing
a self-evaluation or receiving more positive narrative feedback had no effect
on subsequent improvement.
Explanation and interpretation of results
Our aim was to investigate the effect of different aspects of teaching performance evaluation on teaching performance improvement as perceived by
residents.
First, numerical feedback was expected to yield small effect sizes, which was
confirmed by this study. Even small effect sizes might represent meaningful
performance improvement.10 Surprisingly, we found that a higher numerical
feedback score had a positive effect on improvement in the first year but no
effect in the second year. Residents may become more critical of their ‘good’
teachers by increased attention to teaching performance through participation in the SETQ system. This could take away the effect that was found in
the first SETQ wave.
Second, the narrative feedback showed a sustained effect over the years, but
only for the suggestions for improvement. Faculty’s improved performance in
response to suggestions for improvement may be explained by Finkelstein
and colleagues’ theory on the response to positive and negative feedback in
relation to a person’s level of expertise.18 They state that novices seek and
respond more to positive feedback and experts favor negative feedback as it
increases a sense of urgency that their goals are (not yet) attained. In terms
of our study findings, it suggests that most faculty are or perceive themselves

4 (1-7)

Median number of suggestions for improvement (±IQR)

39.4 %
42.2 %
7.8 %

Not changed: 1.9 – 2.1 (percentage)

Somewhat improved: 2.1 – 2.9 (percentage)

Greatly improved: 2.9 – 4 (percentage)

* A score of 2 indicated “no improvement nor decline” of teaching performance

10.5 %

2.23 (0.40)

812

Declined: 1 - 1.9 (percentage)

Mean teaching performance improvement * (SD)

Outcome variable

Number of faculty who self-evaluated

Median number of positive comments (±IQR)

10 (4-17)

3.82 (0.47)

Numerical feedback or the mean SETQ score (±SD)

Predictor variables

5 (3-8)

992

Median number of residents’ that evaluated faculty’s teaching performance (±IQR)

Number of faculty who received a feedback report

Evaluation characteristics

1st SETQ wave

Table 2 Descriptive statistics of key variables for the first and second SETQ waves

6.0 %

39.0 %

45.9 %

9.1 %

2.21 (0.36)

597

4 (1-7)

9 (5-19)

3.82 (0.49)

5 (3-7)

847

2nd SETQ wave
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-0.005
0.010

Number of positive comments

Number of suggestions for
improvement

-0.005
0.011
-0.079

Number of positive comments

Number of suggestions for
improvement

Self-evaluation (reference =
not self-evaluated)

-0.199 to 0.041

0 to 0.021

-0.010 to 0.001

0.003 to 0.151

0 to 0.021

-0.010 to 0

0.002 to 0.151

interval (CI)

95% confidence

0.185

0.050

0.085

0.042

0.056

0.066

0.045

p-value

All models were adjusted for hospital, specialty, faculty’s sex and faculty’s age

0.077

Numerical feedback

Model 3

0.077

Numerical feedback

Model 1

coefficient (b)

Regression

Wave 1 predictors for wave 2 outcome

improvement

Model 4

Model 2

0.008

0.009

0.001

-0.015

0.009

0.001

-0.016

coefficient (b)

Regression

-0.075 to
0.092

0.003 to
0.016

-0.002 to
0.004

-0.073 to
0.043

0.003 to
0.016

-0.002 to
0.004

-0.074 to
0.042

95% CI

Wave 2 predictors for wave 3 outcome

0.835

0.006

0.530

0.600

0.006

0.524

0.595

value

p-

Table 3 Sequential g-estimates of the effects of residents’ feedback and faculty’s self-evaluation on faculty’s teaching performance
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as experts, as they responded to the suggestions for improvement (negative
feedback) in relation to performance improvement.
We found no effect of positive comments on faculty’s teaching performance
improvement. This may be the result of the above-described effect of experts’ seeking and responding to negative feedback.18 Although the positive
comments did not predict performance improvement, they may be vital in
supporting faculty’s motivation when receiving negative feedback and preventing a detrimental effect of negative feedback on performance.12
Third, completing a self-evaluation did not predict performance improvement.
Whether or not faculty complete a self-evaluation might capture something
that is not of influence on residents’ perception of teaching performance. In
other words, the internal reflective process that may have been initiated by
completing a self-evaluation may not be within reach of residents’ perception
and hence not be captured with our improvement question. This does not
make residents’ perception of improvement an incorrect outcome measure;
external assessment is more accurate than self-reported outcomes.19;31
Strengths and limitations
The strengths of this study are its longitudinal observation of a study population consisting of a large number of participants across multiple specialties
from multiple hospital and medical training sites. Furthermore, the statistical
analyses were conducted using sophisticated statistical methods. Multiple
imputations were used to deal with missing data in an appropriate way, and
sequential g-estimation was implemented to study predictors of changes in
participants’ teaching performance over time.
At the start of the study, we considered the difference in SETQ-mean score
between two time points as a potential outcome measure. Considering the
literature on the effect of feedback on performance, we expected small but
relevant effects.11;32 Although the SETQ instruments were validated to discriminate between individual faculty at a certain point in time, they have not
been tested for their ability to measure changes in teaching performance
within individual faculty over a period of time. Furthermore, we assumed that,
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for faculty who already performed well (scoring at the top of the scale), potential changes in teaching performance would not be visible in the SETQ
scores at different time points. The positively skewed SETQ scores (mean
3.82 on a 5-point Likert scale) combined with the limited sensitivity of the
5-point Likert scale could lead to the inability of the measure to reflect improvement of high-performing faculty validly based on differences in SETQ
scores. Therefore, we chose to include the additional question to specifically
enquire residents about their perception of faculty’s teaching performance
improvement. Again, we emphasize that this measure should be interpreted
as residents’ perception of whether faculty improved their teaching performance. Previous literature indicates that perception of residents is preferred
over faculty’s self-perceived improvement.31;33 Additional measures such as
observation of teaching practice could increase the strength of the main outcome measure in future research.
Implications for practice
The results of this study show that even faculty who received high numerical feedback scores (high performers) could still improve their teaching performance after one year. Even more, the high performers were more likely
to improve their teaching performance after the first feedback wave compared to the low performers. Additionally, the suggestions for improvement
as phrased by residents are effective aspects of the feedback system. A
concrete implication for faculty’s teaching practice is thus to pay attention to
these suggestions for improvement. Furthermore, residents should provide
suggestions for improvement in order to aid faculty’s teaching performance
improvement.34;35 Finally, longitudinal participation appears to be beneficial,
as noted earlier in clinical performance feedback, it seems to stimulate participants to take action when they know there will be another evaluation next
year.23
Suggestions for future research
Many performance assessment systems include the professionals’ selfevaluation. Based on this study’s findings that self-assessment does not
seem to influence performance improvement, exclusion of self-evaluations
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from performance assessment systems could be suggested. However, further research is needed to investigate the possible internal processes that
self-evaluation may stimulate, as has been initiated by Sargeant et al..17;36
As noted above, residents’ perception of faculty’s teaching performance improvement might not capture internal processes. Since the understanding
of improvement of teaching performance is still in its infancy, it deserves
further research. Additionally, other contextual characteristics should be investigated to increase our understanding of performance and improvement.
For example, coping strategies of faculty in dealing with feedback or the way
feedback is discussed, individually or in a group. Future work should also
elaborate on how to measure improvement in other ways than through residents’ perception.
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ABSTRACT
Evaluations of clinicians’ professional performance have become more entrenched in clinical practice globally. Evaluation systems and tools have
been developed and implemented and factors that impact performance in
response to evaluations have been studied. The validity and reliability of
data yielded by such tools have been studied extensively. However, there is
limited evidence on the validity and reliability of data used to assess performance change, often estimated from time-indexed measurements. Important methodological and statistical issues that can impact the assessment
of performance change are often omitted or ignored by research and practice. In this paper, we aim to address these issues and show how they can
impact the validity of performance change assessments, using empirical illustrations based on longitudinal data of clinicians’ teaching performance.
We show how the characteristics of a measurement scale can affect the
performance data yielded by such an evaluation tool and show how different summary statistics of the same data can lead to opposing conclusions
regarding performance change. In addition, we discuss the impact that the
context and setting can have on both performance scores and the importance
of specific aspects of performance. Further, we show that current methods
to estimate performance domain scores from measured performance items
can be too simplistic. Finally, this paper concludes that assessments of performance change are complex, situation and topic specific, and context dependent. Critically appraising the complexity of performance evaluations and
relevant data is crucial for valid assessments of change.
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INTRODUCTION
Health care reform, increased patient-awareness, enhanced expectations
regarding the quality of care and the rising health care expenses are among
factors that enhanced the need for transparency and monitoring of performance indicators in healthcare.1-3 One of the results is that clinicians are
nowadays involved in multiple initiatives to chart their professional performance.4;5 For this purpose, evaluation systems have been developed to
evaluate clinicians’ performance when interacting with patients, colleagues,
other healthcare professionals and trainees.6-9 Research on evaluation tools
used to gather performance data found that clinicians’ performance can
be captured periodically with sufficient statistical validity and reliability.6;9-11
Recently, Rosen and Pronovost (2014) stated that performance evaluation
tools often fail to address the context, culture and setting of performance,
limiting their value for practice.12 Furthermore, the simple linear estimations
that are often used to calculate performance scores do not address the fact
that not every item is equally important to obtain successful results in most
healthcare procedures.13 These and other well substantiated arguments
lead to the conclusion that performance assessment is a complex process
and that only more advanced evaluation tools will yield robust performance
data.12;13
Literature on the assessment of change in clinicians’ performance, that
is, assessment of unaltered, improved or decreased performance, is still
scarce. Assessment of change is much desired in practice because it can
shed light on whether interventions were effective in improving or maintaining performance. Intuitively, when robust point-wise evaluations are
complex and require advanced evaluation tools, robust assessments of
change will be even more complex because of the added time component. Nevertheless, change is often simply computed linearly from two or
more time-indexed evaluations of performance. Whether this method yields
valid and reliable change assessments is still empirically understudied.
In this paper, we address five factors that impact the complexity of performance evaluations and subsequent assessment of change. First, we discuss
how characteristics of the measurement scale can affect the performance
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data yielded by an evaluation tool. Next, we show how different summary
statistics of the same data can lead to opposing conclusions regarding performance change. Subsequently, we discuss how change at item or question
level can translate to overall performance change and show that estimating
change from two time-indexed measurements and assessing change retrospectively yields different results. Lastly, we discuss the importance of context in assessing performance change. We use empirical data from the System for Evaluation of Teaching Qualities (SETQ, textbox 1) measurements to
provide empirical examples.
Textbox 1 System for Evaluation of Teaching Qualities (SETQ) data
The empirical data used in this study’s illustrative examples are teaching performance data
gathered through the System for Evaluation of Teaching Qualities (SETQ).19-22;32 This system was developed to evaluate clinicians’ teaching performance in residency training. The
SETQ gathers resident-evaluations of their clinician teachers using a tool (questionnaire) that
was based on an extensive literature review and discussions with several stakeholders. The
system was successfully implemented institution-wide, later nation-wide, and it is currently being implemented in several countries across Europe. The validity and reliability of the SETQ
tool is published extensively.19-22 Across settings, the SETQ tools had satisfactory psychometric properties. Later, a follow-up study using confirmatory psychometric techniques updated
the validity evidence of the SETQ tool and confirmed the high validity and reliability level of the
SETQ data.23 The core tool comprises 20 items that can be categorized into five subscales
labelled as learning climate, professional attitude towards residents, communication of learning goals, evaluation of residents, and feedback. Each subscale contains 3 to 5 items, rated
on a 5-point Likert scale (1 = “strongly disagree”, 2 = “disagree”, 3 = “neutral”, 4 = “agree”, 5 =
“strongly agree”). In addition to numerical items, residents are asked to provide clinician teachers’ strengths and suggestions for improvement through narrative descriptions.32 Because the
SETQ has proven satisfactory validity for point-wise evaluations, but change assessment using the SETQ has not been studied, the SETQ is an excellent tool to illustrate examples in
current paper. Below is a scheme of the evaluation process that is repeated annually.
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MEASUREMENT SCALE CHARACTERISTICS
Professional performance assessments often rely on reports, if not perceptions, of observers about performance and can sometimes be subjective.
Evaluators may find it hard to categorize performance as “unsatisfactory versus satisfactory” or “poor versus good” and nuances are often desired.14;15
In these kind of evaluations, performance may not be appropriately rated
dichotomously or by a limited number of categories. It is therefore surprising
that the most widely used metric in performance evaluation tools is a 5-point
Likert scale, although 4- and 7-point scales are also common.7;9 The validity
and reliability of data yielded by a measurement scale depend on several
characteristics and can differ across populations and tools. The tendency
to use shorter measurement scales (such as 4-, 5- or 7- point Likert scales)
instead of longer scales is based on evidence showing such shorter scales
have higher reliability (inter-rater, test-retest) and validity (convergent/divergent) compared to longer scales.16;17 However, the evidence supporting the
use of shorter scales is dated and was mainly based on educational tests
that included questions that were knowledge-based (there were “true” and
“false” answers and the “true” answer was known by the test developers).16;17
A more recent study that explored the reliability and validity of subjective data
suggests that longer scales may be more valid and reliable.15
The sensitivity of a scale to rate performance appropriately on a performance
continuum is important and not always appropriately reflected in the statistical reliability and validity of scale.14 Research on the sensitivity of measurement scales in professional performance assessments is scarce. For illustrative purpose, we address two issues regarding sensitivity of measurement
scales, namely the ability to detect small performance changes and the ability to detect change when the performance distributions are skewed.
Ability to detect small performance changes
Assessing performance change requires a measurement scale that is sensitive enough to capture the changes of effect sizes that can be expected.
In performance evaluations of students, performance changes can be large
even over limited time, because the learning curve of students is usually
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steep. For student evaluations, even shorter scales that are less sensitive to
small performance changes may capture changes for most of the students
appropriately. In contrast, performance changes in experienced professionals are expected to be small (though relevant), since professionals tend to
build up and, sometimes, top their education and clinical experience. For
professional performance evaluations, it is thus even more important that
measurement scales have the ability to capture even small changes in performance. The ability of a short Likert scale to measure small performance
changes is largely unknown, although some questions about this have been
posed before.14;15 A review about measuring quality of life, for example, found
that studies using longer scales (10- or 15- point Likert scale) reported effect
sizes that were up to twice as large compared to studies using a 5-point Likert scale.14 The authors argued that these differences were largely caused by
the limited sensitivity of the 5-point scale to detect the relatively small changes in quality of life that were observed in most studies.14 One study in the
context of medical education found that the length of a rating scale impacted
the percentage of students rated as “having potential problems” or “performs
above expectations”, also favoring the use of longer scales 18. To the best of
our knowledge, more research on these issues in medical education has not
been conducted. Intuitively, we may understand that short scales (such as
a 5-point Likert scale) are less suitable when changes in performance are
small. This topic deserves further study and experimenting with longer rating
scales should be encouraged, especially since studies explored that raters
experience no difficulties with longer rating scales.15;18
Ability to detect change in skewed distributions
In addition to the ability of measurement scales to detect small performance
changes, scales have to provide clinicians room to change their performance
scores. Any scale with a pre-specified maximum and minimum has physical
boundaries that can impair the measurement of positive or negative change.

Clinicians who are able to improve their performance in practice should be
able to improve their performance scores on an evaluation tool as well. Most
of the professional performance evaluation tools published describe positively skewed evaluation scores, with average scores often around or above 4.0
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on a 5-point scale.6;7;9 This implies that a large part of the evaluated clinicians
scored well above 4.0 and for them, the 5-point scale simply allows very little
positive change in future evaluations. It is unclear whether the limited ability
to change performance on the measurement scale corresponds with a limited ability to change actual performance.
To explore if the positive boundary of the 5-point Likert scale impairs the
ability to detect performance improvement, we tested this using empirical
data on clinicians’ teaching performance. We created two subgroups of clinician teachers; the first subgroup of clinicians scored above 4.0 on their
initial performance measurement and had therefore limited room to change
scores positively. The second subgroup scored below 4.0 on their initial measurement and had sufficient room to improve their scores. All clinicians were
rated by at least six residents on two subsequent occasions, assuring high
measurement reliability of both measurements.19-23 For both groups, the average performance change on all performance items (difference between
average score of initial and subsequent year) was calculated. To obtain a
“global indication of clinicians’ performance change” we also asked residents
who worked with a clinician for over a year to indicate whether clinicians
changed their teaching performance in the last year (possible answers were:
1= worsened, 2= same, 3= somewhat improved, 4= strongly improved). The
average performance change was calculated for both subgroups (table 1).
Table 1 indicates that the average scores of the subgroup of clinicians who
scored below 4.0 on the initial measurement were enhanced by 0.11 point. In
contrast, the subgroup of teachers who scored above 4.0 on their initial measurement dropped in performance score by 0.09 point. Further, residents
indicated comparable global performance change for both subgroups (global
improvement). The global improvement was expected for the subgroup below 4.0 (who enhanced their performance scores), but was surprising for the
subgroup above 4.0, who dropped in performance score.
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Table 1 average item and global performance change for clinician teachers scoring
above 4.0 and below 4.0 on an initial measurement

Number of clinicians included
average performance score

change on all performance items
(0 = no change)
Average global indication of performance change
(0 = no change)*

Initial measurement
below 4.0

Initial measurement
above 4.0

932

500

+0.25

+0.27

+0.11

-0.09

* this item has been rescaled (originally a score of 2 corresponded to “unchanged
performance”)

These results can be seen as an indication that the upper-limit of the 5-point
scale actually impairs the ability to capture positive performance change in
the high scoring clinicians. When handling skewed performance data, like in
most performance evaluation systems, extreme scores (that are close to the
positive or negative boundary) will not only apply to a few outliers, but applies
to a large proportion of the evaluated clinicians. Future evaluations should
aim to limit ceiling effects (positively skewed distributions) by either altering
the measurement scale or formulate the performance items differently.
SUMMARIZING CHANGE IN PERFORMANCE SCORES
In the previous section we showed the impact that measurement scale characteristics can have on performance and change assessments. In reporting
performance data to clinicians, the data often need to be summarized. There
are several summary statistics that can be used for a Likert scale. By far the
most commonly used statistics are median and mean differences. Although
some argue that mean scores are not appropriate to summarize ordinal data,
they are frequently used.24;25 We will now illustrate the use of median and
mean scores in computing change indicators for two clinician teachers.
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Ten residents evaluated two clinicians (clinician A and B) in our study on the
performance item “regularly provides trainees with constructive feedback”
for two subsequent years (table 2). For clinician A, the median score suggests unchanged performance while the mean score suggests that clinician
A improved his performance considerably. For clinician B the median score
suggests improvement for, while his mean score suggests unchanged performance (table 2). These simple examples show that two commonly used
summary statistics can result in the different conclusions regarding performance change. Because the median and mean may not always provide
the information that informs clinicians, researchers and policy makers most
appropriately, additional statistics are necessary. In many performance domains, the proportion of cases in which a clinician performed substandard or
satisfactory will be valued more than the median or mean performance. If we
consider the examples of clinician A and B again, we may assume that for the
evaluated performance item a score below 3, i.e. 1 or 2 on the 5-point scale,
is considered unsatisfactory/substandard and a score of 4 or 5 is considered
satisfactory. A score of 3 could, perhaps, be considered neutral. Expanding the performance metrics illustrated in the previous paragraph with the
proportion of residents that evaluated clinicians’ performance substandard
and the proportion who evaluated the performance as satisfactory provides
another look at the performance change of clinician A and B (table 2).
As shown in table 2, the four change statistics will lead to completely different
conclusions regarding performance improvement for clinician B. For clinician
A, most of the statistics will lead to the conclusion that this clinician improved
his performance, however, the magnitude of performance change (which is
important as an effect size measure) differs considerable between the statistics. The kind of information that is desired by clinicians, researchers, directors or policy makers will determine which (combination of) statistics will
provide the most appropriate summary of clinicians’ performance.
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Table 2 performance scores and summary statistics for clinician A and B
Clinician A
Year 1

Year 2

Median performance score

3

Mean performance score

Proportion of
substandard
scores (<3)
Proportion of
satisfactory
scores (>3)

Raw performance scores
Summarizing
metric

Clinician B
Year 1

Year 2

3

3

4

2.9

3.5

3.3

3.3

40%

10%

0%

30%

30%

40%

30%

60%

[1, 2, 2, 2, 3,
3, 3, 4, 4, 5]

[2, 3, 3, 3, 3,
3, 4, 4, 5, 5]

[3, 3, 3, 3, 3, [2, 2, 2, 3, 4,
3, 3, 4, 4, 4] 4, 4, 4, 4, 4]

PERFORMANCE CHANGE IN ITEM, SCALE AND OVERALL PERFORMANCE SCORES
Performance evaluation tools evaluate different domains of clinicians’ professional performance. Performance domains, such as professionalism,
communication, interpersonal relationships, management, and teaching, are
usually captured by one or more performance scales of an evaluation tool.
These performance scales are measured by multiple performance items.
Since only the items of an evaluation tool are measured (domains and scales
are latent), and only the items contain concrete behaviors, actions or attitudes, it can be argued that the actual performance change happens at item
level. Most evaluation tools contain many items so it may take some time
to assess performance and performance change for all items. Therefore,
scales, domains or overall performance are often the levels of performance
assessment. However, estimating domain or overall performance scores can
be challenging.
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By far the most applied method to obtain performance domain scores is averaging the performance items that belong to a certain performance domain.12
This method assumes that all performance items are of equal importance for
a performance domain, an assumption that seems implausible in practice.
In previous studies students, residents, coworkers and patients were able
to prioritize the performance items that belonged to a domain easily.13;26;27
Therefore, calculating domain scores by averaging all items seems an approach that is too simplistic.12 Likewise, not all performance domains may be
equally important for clinicians’ overall professional performance.28;29 Thus,
simply averaging all performance domains to obtain an overall performance
score is simplistic too. This highlights that the information practitioners desire cannot always be obtained by domain or overall performance scores.
Carefully looking at item data and weighting the importance of the items
for a specific domain is crucial for appropriate interpretation of performance
evaluations.

ESTIMATING CHANGE OR ASSESSING CHANGE RETROSPECTIVELY
Apart from calculating change from two time-indexed performance evaluations, it is also possible to assess clinicians’ performance change retrospectively, by asking colleagues they worked with over a certain time period to
indicate if a clinician improved his/her performance. As shown in table 1,
these two methods yield different change results for high and lower scoring
clinicians. Even more, the correlation between the scores yielded by these
two methods is low, even for the group who scored below 4.0 (table 3).
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Table 3 correlation between the average performance change (calculated from two
time-indexed performance evaluations) and global performance change assessed
retrospectively, separately for clinician teachers scoring above 4.0 and below 4.0 on
an initial measurement
Initial measurement
below 4.0

Initial measurement
above 4.0

Number of clinicians included

932

500

Kendall rank order correlation
coefficient*

0.16 (p<0.01)

0.08 (p=0.01)

Pearson parametric correlation
coefficient*

0.23 (p<0.01)

0.11 (p=0.02)

* the correlations are of comparable size when only the residents that evaluated the
same clinician twice were included.

One of the explanations for this surprising finding may be that changes on
certain performance items are more important than changes on other performance items. Therefore, the average change over all items may be a poor
indicator for the perceived global performance change. This again highlights
that the averaging method to calculate overall performance scores is probably too simplistic to assess performance and performance change appropriately. Previous studies on performance measurement at one point in time
showed that global indications of performance had high overlap with average
overall performance scores (correlations of 0.50 up to 0.98).19;20;22;30 The current analysis shows that this does not account for estimates of performance
change.

PERFORMANCE WITHIN THE CONTEXT
A final issue to address is the role of context in assessing performance. Differences between specialties, departments, hospitals or countries can result in different perceptions of performance. For example, in hospitals with a

focus on teaching, the professional infrastructure and learning climate can
facilitate clinician teachers to excel in teaching, leading to overall high teaching scores among most teachers.31 In hospitals with limited teaching facilities
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Figure 1 Communication scores of clinician teachers of three different OB-GYN departments

it can be harder for clinician teachers to obtain high teaching performance
scores. Therefore it is important to interpret and assess performance within
its context, i.e. assess how far item, scale and overall scores of clinicians
are from their group means or medians. To exemplify this, we displayed the
scores of all clinician teachers of three obstetrics and gynecology (OB-GYN)
departments at different teaching hospitals, who were evaluated on the performance domain communication (figure 1). If we consider a clinician with a
performance score of 3.5, he would be among the lowest scoring clinicians in
department 1, somewhat above average in department 2, and among the top
scoring clinicians in department 3. Irrespective of the factors that may have
caused the differences between these three departments (which is another
interesting topic), this example shows the importance of considering performance scores within their context.
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In addition to performance scores being context dependent, the importance
of performance items or domains may also differ between settings. For example, doctor-patient communication is very important to primary care clinicians but less important to pathologists. In centers with many trainees,
clinicians will have fewer direct patient contacts due to their role as trainers.
Consequently, the importance of clinicians’ interpersonal behaviors towards
patients will be proportionate to the amount of patient interactions they have.

CONCLUSION
Critically appraising the complexity of performance evaluation data is crucial
when using performance evaluations and assessing change. Future performance evaluation tools and checklists should consider measurement scale
length carefully and methods to handle skewed data should be used. Depending on the context and performance domain evaluated, the most appropriate (combination of) summary statistics should be chosen. Finally, the
interpretation of evaluations should embrace the fact that not all performance
items equally contribute to the evaluated performance domain and that the
context may impact the importance of and scores on performance evaluations.
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ABSTRACT
Objective: Previous studies identified different typologies of role models (as
teacher/supervisor, physician and person) and explored which of faculty’s
characteristics could distinguish good role models. The aim of this study was
to explore how and to which extent clinical faculty’s teaching performance influences residents’ evaluations of faculty’s different role modelling statuses,
especially across different specialties.
Methods: In a prospective multicenter multispecialty study of faculty’s teaching performance, we used web-based questionnaires to gather empirical
data from residents. The main outcome measures were the different typologies of role modelling. The predictors were faculty’s overall teaching performance and faculty’s teaching performance on specific domains of teaching.
The data were analyzed using multilevel regression equations.
Results: In total 219 (69% response rate) residents filled out 2111 questionnaires about 423 (96% response rate) faculty. Faculty’s overall teaching
performance influenced all role model typologies (OR: from 8.0 to 166.2).
For the specific domains of teaching, overall, all three role model typologies
were strongly associated with “professional attitude towards residents” (OR:
3.28 for teacher/supervisor, 2.72 for physician and 7.20 for the person role).
Further, the teacher/supervisor role was strongly associated with “feedback”
and “learning climate” (OR: 3.23 and 2.70). However, the associations of
the specific domains of teaching with faculty’s role modelling varied widely
across specialties.
Conclusion: This study suggests that faculty can substantially enhance their
role modelling by improving their teaching performance. The amount of influence that the specific domains of teaching have on role modelling differs across
specialties.
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INTRODUCTION
An important part of the learning process of residents occurs through observation and imitation of more experienced faculty, who act as role models.
The importance of good role modelling in residency training is globally understood and is believed to be an important teaching method in shaping the
values, attitudes, behaviour, and ethics of residents.1-3 Role modelling can be
seen as an overarching activity that encompasses everything faculty do in
their being and acting as professionals.1 Insight in methods to improve good
role modelling could be of great interest to clinical faculty.
Previous studies identified different components of role modelling4 resulting
in various typologies of role models as a teacher/supervisor, physician and
person (see box S1).5 Equally, the specific characteristics of role models
can be categorized into three different categories: clinical qualities, teaching
qualities and personal qualities.1;6 However, the relationship between the
distinctive roles and role model’s characteristics is largely unknown (figure
1). There seems to be no one-on-one relationship, as some clinical and personal qualities have been shown to influence all distinctive roles simultaneously7 and teaching qualities have been shown to influence the physician
role.8 These findings raise the question how the distinctive roles are influenced by different role model characteristics.
Although a few empirical studies identified some teaching qualities that could
influence role modelling,3;8;9 these studies do not distinguish between the various role modelling typologies. Besides they do not study differences across
specialties. The aim of this study is to provide clinical faculty with specific
insight in how their teaching performance could influence their being seen
as different kinds of role models by residents. More specifically, this study
wants to explore 1) through which of the distinctive roles teaching performance influence role modelling, 2) if this occurs similarly across specialties.
To answer these research questions, we used the Systematic Evaluation of
Teaching Qualities (SETQ) system to obtain faculty’s teaching performance
data.10-12
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Figure 1 Relationship between role model characteristics and the role model
typologies

Clinical Qualities

?

teacher/supervisor
role
physician
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Teaching Qualities
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Personal Qualities

MATERIALS AND METHODS
Study Population and Setting
To address the objective of this study, we gathered quantitative empirical
data. We collected the data using web-based questionnaires filled out by
residents. Data were collected between September and November 2010. In
total 317 residents of 17 different residency training programs (in Anesthesiology, Internal medicine, Obstetrics & Gynecology, Pediatrics and Surgery)
were invited to fill out the questionnaires. The residency programs were situated in three academic (eight programs) and eight non-academic (nine programs) teaching hospitals.
Residency training in The Netherlands is a joint responsibility of several
teaching faculty who form an educational team. The educational teams of
the residency training programs included in this study ranged from 6 to 87
faculty per team. In some larger educational teams, smaller sub-teams are
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formed to guarantee the personal interaction between faculty and residents.
At the sub-teams of pediatrics, surgery and internal medicine, these subteams may also focus on different subspecialties. Because of this setting,
residents could choose which and how many faculty to evaluate, based on
whose teaching performance the resident felt he or she was able to evaluate
accurately. In total, 441 faculty could be evaluated. Participants were invited to
participate via email. The invitation email mentioned the formative purpose and
use of the evaluations and stressed the confidential and voluntary character of
participation.
Study design and Questionnaires
For measurement of faculty’s teaching performance, the System for Evaluation of Teaching Qualities (SETQ) questionnaires, which are based on the
Stanford Faculty Development Program (SFDP-26) questionnaires,13 were
used. SETQ is a dynamic system developed for the continuous evaluation and
development of faculty involved in teaching residents and is widely used in
The Netherlands.11 The questionnaires are developed and validated for different specialties and evaluate faculty’s teaching performance in five domains of
teaching: learning climate, professional attitude towards residents, communication of goals, evaluation of residents and feedback.10-12 All questionnaires
contain 20 “generic items”, for some specialties the questionnaires contain additional items (see appendix S1). To obtain reliable SETQ evaluation data on
each faculty (predicted Cronbach’s alpha of all individual domains > 0.70), at
least six resident evaluations are needed for anesthesiology,11 five for internal
medicine and pediatrics,10 four for obstetrics and gynecology12 and seven for
surgery (unpublished study).
To evaluate faculty’s role modelling, additional questions were formulated after
discussing faculty’s role modelling with a group of 15 anesthesiology residents.
Based on the literature we initially proposed a four role model typology (physicians, person, teacher and supervisor 5;9 and discussed these typologies as described in the literature. Because in residents’ perception the roles teacher and
supervisor could not be adequately distinguished in their daily residency training, the initial four role model typology was than reduced to contain only three
role models. A similar classification has been used in previous studies.4;7;14
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Outcome variables
The outcome variables were residents’ perception of faculty’s role modelling
on the three different role models typologies. At the end of the SETQ questionnaire each respondent was asked to answer three questions about faculty’s
role modelling. These items were: During my residency, this faculty is a role
model to me in his/her role as... (Q1: teacher/supervisor, Q2: physician, Q3: a
person). The items were scored on 5-point Likert scale: 1 = “strongly disagree”,
2 = “disagree”, 3 = “neutral”, 4 = “agree”, 5 = “strongly agree”, and there was an
additional option “I can not judge”. Each item was preceded by some examples
of typical skills and characteristics for this role model typology (see box S2).
Main predictors
The main predictor was faculty’s teaching performance, as evaluated by residents via the SETQ questionnaires. In the analyses, we included faculty’s overall teaching performance, which is defined as the mean score of all the SETQ
items (appendix S1), as a predictor. We also included faculty’s teaching performance on the five previously defined SETQ domains as predictors (see figure
2). The items of the SETQ questionnaires were scored on the same 5-point
Likert scale as the role model items.
Figure 2 The predictors and outcome variables of the regression equations

learning climate
teacher/supervisor
role

evaluation of
residents

feedback

Teaching performance
professional attitude
towards residents
communication
towards residents

physician
role
person
role
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Covariates
The analytical models used to analyze the associations between the predictors
and the outcome variables, were adjusted for several covariates: faculty’s sex
and experience, resident’s sex and residency year (all models) and hospital
and specialty (only in the models where more than one department and/or
specialty was included).15 We performed the analyses both adjusted and unadjusted for these covariates to explore if they confounded the associations
between teaching performance and the role model typologies.
Analytical Strategies
We were aware that cross-clustering could affect the associations between
teaching performance and the role modelling typologies, because in both
the evaluating (residents) and evaluated (faculty) participants, there was potential clustering. More specifically, if faculty were evaluated by more then
one resident in their residency program, the associations could be stronger
within that individual faculty than across faculty members. Additionally, associations of scores given by the same resident, could be stronger compared to
associations of scores given across residents. Because the data contained
both nominal and continuous variables, we used ordinal logistic generalized
estimating equation (GEE) models to study associations between faculty’s
teaching performance and the role model typologies. These regression equations can analyze both nominal and continuous variables simultaneously and
allow for appropriate adjustment of cross-clustering.
However, before tackling our main objectives, we used descriptive statistics
to describe the participants’ characteristics. Besides, we described median
and mean scores of residents’ ratings of faculty on the three role model items.
To explore the association between faculty’s overall teaching performance
and the distinctive type of role models we used GEE models with faculty’s
overall teaching performance as predictor and the role modelling items as
outcome variables. Similarly, we used GEE models with faculty’s performance on specific domains of teaching as predictors, to explore if these
domains influenced the role model typologies. Estimated odd ratios and their

2111

Mean faculty age (± SD)

Experience: Mean number of years in
practice since fist registration an specialist
(± SD)

Percentage of female residents

Percentage of female faculty

Median number of evaluations per faculty
(min-max)

46.7
(±8.5)

12 (±9)

61.5%

45.6%

1

Internal
medicine

362

25 (68%)

49.3
(±8.4)

13 (±10)

64.0%

34.1%

532

64 (72%)

71.9%

52.8%

47.3
(±8.9)

48.3
(±8.5)

13 (±10) 13 (±10)

52.5%

40.4%

4

44.6
(±8.0)

11 (±9)

64.7%

51.9%

2.5 (120)

670

69
(65%)

110 (96%) 178
(97%)

9

Obstetrics Pediat& Gynerics
cology

3 (1-18) 5 (1-11)

263

40
(73%)

42 (100%) 56
(88%)

1

Anesthesiology

4 (1-20) 8 (3-19)

219
(69%)

Number of evaluations

Number of residents (% of the residents
invited)

423
(96%)

17

All specialties

Number of faculty evaluated (% of the faculty that could be evaluated)

Number of residency programs

Table 1 Characteristics of study participants

48.1
(±9.0)

13 (±10)

33.3%

16.7%

7 (5-12)

284

21 (72%)

37
(100%)

2

Surgery
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95% confidence interval were reported. Data were analyzed using statistical
package PASW Statistics 18.0.2 for windows (SPSS Inc., 2009).
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RESULTS
In total, 219 (69%) residents filled out 2111 questionnaires about 423 (96%)
faculty (see table 1 for participants’ characteristics). The residents who participated in this study were equally divided over different phases of their residency
training (1st year: 19%, 2nd: 14%, 3rd: 16%, 4th: 24%, 5th: 17%, 6th: 9%).
Further, the median and mean scores given by the residents on the different
role model typologies indicate that residents rate their teaching faculty higher
on the physician role, compared to the teacher/supervisor and person role
(table 2).
The odd ratios for the adjusted associations between overall teaching performance and the different type of role models were consistently highest for
the role of teacher/supervisor over all specialties (OR: from 47.3 to 166.2),
see table 3. The odd ratios for the adjusted associations between the specific
domains of teaching and the role modelling items differed per domain, type of
role model and specialty (see table 4). Overall, professional attitude towards
residents and feedback had the highest odd ratios for the teacher/supervisor
the person role, while professional attitude towards residents and evaluation
of residents had highest odd ratios for the physician role. However, there
were considerable differences across specialties. For all analyses, the unadjusted models differed only marginally from the adjusted models, so only the
results of the adjusted models are shown (table 3 and 4).
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Table 3 Odds ratios (OR) for the adjusted associations between faculty’s Teaching
Performance and different types of role models as seen by the residents

All Specialties#

Anesthesiology
Internal medicine

Teacher / Supervisor: OR (95% C.I.)

Physician: OR
(95% C.I.)

Person: OR
(95% C.I.)

47.9 (23.7-96.8)

9.7 (5.8-16.4)

8.0 (5.2-12.4)

73.6 (54.8-98.8)

47.3 (21.6-103.6)

15.5 (12.3-19.5)
10.8 (5.9-19.7)

13.8 (11.2-17.0)
15.9 (8.8-28.8)

Gynecology &
Obstetrics*

75.2 (45.3-124.7)

16.2 (10.5-25.0)

16.6 (10.8-25.5)

Surgery*

166.2 (87.9-314.3)
133.9 (47.3-378.8)

23.9 (14.9-38.2)

16.1 (10.9-23.6)

Pediatrics*

30.3 (13.8-66.5)

56.5 (25.7-124.3)

All models are adjusted for residents’ residency training year and sex and for faculty’s experience and sex.
* additionally adjusted for hospital
# additionally adjusted for specialty and hospital

In general the odd ratio represents the chance that a faculty improves by
one point on the outcome variable (being seen as a role model), if he/she
improves by one point on the predictor variable (teaching performance). For
example, the odd ratio for the adjusted association between overall teaching performance and the role of physician for anesthesiology faculty is 9.7.
This signifies that the chance is 9.7:1 that this faculty is being regarded as
a better physician role model by the residents, if this faculty improves his
overall teaching performance by one point. Further we point out that these
odd ratios, like odd ratios in general, have a logistic scale. Consequently, the
ostensible wide variation in odd ratios in table 3, represent a considerably
lower amount of variation when one should recalculate them into chance
percentages.
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Table 4 Odds ratios (OR) for the adjusted associations between faculty’s specific
domains of teaching performance and the different types of role models as seen by
the residents

All Specialties#

Teacher / Super- Physician: OR
visor: OR (95% (95% C.I.)
C.I.)

Person: OR
(95% C.I.)

Learning climate

2.70 (2.03-3.60)

1.76 (1.33-2.33) 1.38 (1.05-1.83)

Communication of goals

1.64 (1.32-2.04)

1.25 (1.02-1.52) 1.27 (1.05-1.54)

Feedback

3.23 (2.47-4.23)

1.40 (1.09-1.80) 2.20 (1.73-2.80)

Professional attitude
towards residents
Evaluation of residents
Anesthesiology

3.28 (2.55-4.21)

1.89 (1.42-2.51)

2.72 (2.14-3.45) 7.20 (5.50-9.43)

2.08 (1.59-2.72) 0.93 (0.72-1.20)

Learning climate

1.55 (0.85-2.85)

0.77 (0.45-1.34) 0.65 (0.38-1.11)

Communication of goals

2.09 (1.32-3.29)

1.09 (0.68-1.74) 1.43 (0.95-2.16)

Feedback

3.95 (2.17-7.19)

1.94 (1.09-3.45) 2.52 (1.42-4.49)

Professional attitude towards residents
Evaluation of residents
Internal medicine
Learning climate

2.22 (1.34-3.69)

2.04 (1.11-3.75)

3.20 (2.02-5.39) 5.55 (3.30-9.35)

3.19 (1.79-5.71) 1.57 (0.93-2.64)

5.97 (2.2216.10)

1.72 (0.81-3.64) 2.21 (0.90-5.40)

Communication of goals

1.29 (0.65-2.57)

1.51 (0.78-2.95) 1.11 (0.55-2.24)

Feedback

2.33 (1.16-4.72)

Professional attitude towards residents
Evaluation of residents

Gynecology & Obstetrics*
Learning climate

Professional attitude towards residents

Communication of goals
Evaluation of residents

3.82 (1.59-9.17)

1.03 (0.39-2.69)

2.27 (1.34-3.85)
3.58 (2.31-5.56)

1.09 (0.74-1.60)
2.67 (1.57-4.53)

1.94 (0.98-3.83) 6.92 (3.3814.19)

1.54 (0.70-3.39) 1.32 (0.60-2.91)
1.23 (0.70-2.16) 1.38 (0.79-2.39)
1.99 (1.14-3.46) 1.55 (0.96-2.50)
3.21 (2.06-5.00) 9.31 (5.6315.39)

1.17 (0.78-1.74) 1.10 (0.77-1.58)
1.95 (1.17-3.26) 0.80 (0.49-1.29)
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Feedback

4.40 (2.66-7.29)

1.35 (0.88-2.08) 2.41 (1.61-3.60)

Learning climate

6.50 (2.8013.09)

3.67 (1.87-7.24) 1.82 (0.98-3.40)

Communication of goals

2.98 (1.89-4.68)

1.10 (0.74-1.65) 1.40 (0.96-2.04)

Feedback

2.45 (1.43-4.22)

Pediatrics*

Professional attitude towards residents
Evaluation of residents
Surgery*

Learning climate
Professional attitude towards residents

Communication of goals
Evaluation of residents
Feedback

4.67 (2.85-7.65)

1.61 (0.97-2.67)

2.36 (1.42-3.90) 13.81 (7.8824.20)

2.76 (1.67-4.55) 0.72 (0.45-1.17)
1.11 (0.68-1.81)

2.20 (1.28-3.19)

5.06 (1.5616.44)

2.22 (0.90-5.50) 1.00 (0.39-2.59)

2.39 (0.97-5.90)

1.81 (0.82-4.03) 0.79 (0.35-1.76)

4.08 (1.5410.82)

1.83 (0.71-4.69) 9.60 (3.8024.29)

1.14 (0.39-3.36)

2.63 (1.17-5.94) 2.31 (0.75-7.08)

7.74 (2.5223.79)

2.37 (0.87-6.48) 9.49 (3.0929.08)

All models are adjusted for residents’ residency training year and sex and for faculty’s experience and sex.
* = adjusted for hospital, # = additionally adjusted for specialty and hospital

DISCUSSION
Main Findings
In the continuous search for better understanding and improving role modelling as a teaching strategy in residency training, a clear perspective is needed on the determinants of clinical faculty being perceived by residents as a
role models. This study was set out to explore if faculty’s role modelling is
influenced by their teaching performance and if this occurs similarly across
specialties. The results of this study present empirical evidence of the great
influence of faculty’s overall teaching performance on being seen as a role
model teacher/supervisor, physician and person. Further, we found that the
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influence of the specific domains of teaching on the role modelling typologies
varied widely across specialties. Overall, professional attitude towards residents and feedback were the strongest predictors of the teacher/supervisor
and the person role, while professional attitude towards residents and evaluation of residents were the strongest predictors of the physician role.
Strengths and Limitations of this Study
The multicenter approach that included both academic and non-academic
teaching hospitals and the fact that close to 100% of the faculty of the educational teams included in this study were evaluated, imply that the study
population represents a valid sample of Dutch clinical faculty. Further, the
observed numbers of residents’ evaluations completed per faculty were adequate for sufficient reliability of the SETQ evaluation data for anesthesiology, obstetrics and gynecology and surgery.11;12 For internal medicine and
pediatrics, the numbers of evaluations completed per faculty, although, on
average, lower than five, were close to the recently reported analysis that
showed that 2 to 4 evaluations per faculty could still yield high reliability data
(Cronbach’s alpha >0.88).10;12 We must also be cautious in transferring the
results to other specialties or health care systems.16 Note that for anesthesiology and internal medicine only faculty of one academic hospital were
included in the study.
Further, the presumed causal relationship between teaching performance
and role modelling was based on theory.1 However, we cannot exclude the
possibility that the associations found in this study are caused by a reverse
relationship between teaching performance and role modelling or by a triangular relationship with a variable we did not measure in this study.
Explanation of the Results
The results regarding faculty’s overall teaching performance are in line with
previous studies that suggest improved role modelling when faculty’s teaching performance was enhanced.1;3;17
Some domains of teaching performance simultaneously influenced residents’ perception of all faculty’s role model types, while others had a positive

FACULTY’S TEACHING PERFORMANCE AND ROLE MODELING

129

influence on just one specific role model type, while having hardly no influence on another role model type. An explanation may be the definitions of
the domains of teaching performance: For example, the domain professional
attitude towards residents includes approachability, listening attentively and
being respectful toward residents, a broad definition.11 Hence, it is perhaps
not surprising that it is generally the most influential predictor across all three
role modelling types. The description of evaluation of residents by contrast,11
includes performances that are clearly more prone to influence the role of
teacher/supervisor or physician compared to the person role.5;9 The negative relationships between some domains of teaching and the role modelling
typologies of physician and person should be interpreted with some caution,
given the large confidence intervals that include both positive and negative
relationships. If there would be a negative relationship however, it is possible that residents regard faculty who regularly evaluate residents or who
focus on the learning aspects of the residency training as more demanding
faculty. This may explain why residents at some specialties report a negative
relationship between the domain evaluation of residents and the role model
type of person.
The differences across specialties as found in this study may result from the
fact that the core competences that have to be learned and the way training is organized differs. In surgical residency training for example, residents
spend a considerable amount of time in individual training in the operation
theater to acquire appropriate technical skills. Direct performance feedback
to residents will play a prominent role in this setting. Feedback provided during an operation in the operation theatre may have more impact on residents,
compared to feedback given in more quiet settings. This hypothesis supports
the finding that surgical residents regard feedback as a stronger influencer
of the teacher/supervisor and the person role compared to other specialties.
Beside the differences in residency training programs, previous studies suggest that residents across specialties cannot be considered a homogeneous
group.18-20 The kind of role models residents are looking for could vary as a
result of differences in residency training programs or residents’ personality,
interests or career motivation.

130

CHAPTER 7

Implications for Clinical Education, Research and Policy
In general the findings of this study underline the importance of the specialty
specific context and show that role modelling cannot be regarded as a universal process across specialties. To improve good role modelling, teaching faculty can modify their teaching performance towards the specific goals
they have set for themselves and the specific context they teach in. The good
news is that many domains of teaching performance evaluated in this study
are cognitive in nature, so they can be learned or improved by faculty who
want to improve their role modelling as a teaching strategy. A logical first step
for faculty who want to improve their teaching performance is to get insight
into their current teaching performance. Valid and useful systems that could
inform self-assessment could be of great interest to those faculty.21 Future
research could explore if teaching faculty who want to improve their role
modelling as a teaching strategy, can succeed by improving their teaching
performance.
Conclusions
This study might help teaching faculty in understanding their role modelling
better. Based on the reported findings a noteworthy recommendation could
be that faculty should consider investing in enhancing specific domains of
teaching performance as these domains are proven to be most influential
in being seen as a specific type of role model by residents. The reported
cross-specialty variations stress the complex processes of role modelling
and highlight the importance of the specialty-specific context.
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ABSTRACT
Background: In fledgling areas of research, evidence supporting causal
assumptions is often scarce due to the small number of empirical studies
conducted. In many studies it remains unclear what impact explicit and implicit causal assumptions have on the research findings; only the primary
assumptions of the researchers are often presented. This is particularly true
for research on the effect of faculty’s teaching performance on their role
modeling. Therefore, there is a need for robust frameworks and methods for
transparent formal presentation of the underlying causal assumptions used
in assessing the causal effects of teaching performance on role modeling.
This study explores the effects of different (plausible) causal assumptions on
research outcomes.
Methods: This study revisits a previously published study about the influence
of faculty’s teaching performance on their role modeling (as teacher-supervisor, physician and person). We drew eight directed acyclic graphs (DAGs)
to visually represent different plausible causal relationships between the
variables under study. These DAGs were subsequently translated into corresponding statistical models, and regression analyses were performed to
estimate the associations between teaching performance and role modeling.
Results: The different causal models were compatible with major differences
in the magnitude of the relationship between faculty’s teaching performance
and their role modeling. Odds ratios for the associations between teaching
performance and the three role model types ranged from 31.1 to 73.6 for the
teacher-supervisor role, from 3.7 to 15.5 for the physician role, and from 2.8
to 13.8 for the person role.
Conclusions: Different sets of assumptions about causal relationships in role
modeling research can be visually depicted using DAGs, which are then
used to guide both statistical analysis and interpretation of results. Since
study conclusions can be sensitive to different causal assumptions, results
should be interpreted in the light of causal assumptions made in each study.
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INTRODUCTION
Role modeling research is a relatively new area in the emerging field of medical education research. Several studies have explored the attributes of good
role models. However, empirical studies on the impact of faculty’s behaviors
and attributes on their role modeling are limited.1 As with other budding disciplines, cause and effect are therefore not yet supported by many empirical
studies. When designing and analyzing a study on relationships between
exposures and outcomes, there is often a need to make certain causal assumptions. Indeed, it can be argued that many investigative studies in medical education implicitly appeal to causal assumptions and interpretations. For
instance, researchers who use quantitative methods like regression models
and structural equation models need to make causal assumptions in their
analyses. These assumptions are usually made early on a study.2 However,
the implications of causal assumptions on research findings often remain
unclear and unexplored.
The aim of this study is to illustrate how using different causal assumptions
can impact research findings in role modeling research. To this end, we build
on our recently published study regarding the impact of faculty’s teaching
performance on them being seen as role models.3 Since systematic exploration of the effects of causal assumptions is new to the field of medical education research, this paper can serve as a scholarly example on how researchers can examine causal relationships between variables in their studies. We
begin by briefly describing the previously investigated relationship between
teaching performance and role modeling. Next we introduce the now wellestablished graphical tools directed acyclic graphs (DAGs) that are new to
the field of medical education research.4-6 Then we present our theoretical
assumptions about the (causal) connections between teaching performance
and role modeling. Finally we translate the DAGs into statistical models, perform the statistical analyses, and compare and interpret the results from the
different models vis-à-vis our causal assumptions.

CAUSAL RELATIONS BETWEEN ROLE MODEL TYPES

137

Role modeling and teaching performance
Role modeling is a relatively new and hot topic in medical education research.7 Role modeling is considered a teaching strategy since medical students and residents learn by observation of faculty.7;8 It has been suggested
that students and residents distinguish between a three role model typology: they may see faculty as a role model teacher-supervisor, physician,
and person.9;10 In many modern postgraduate medical education settings,
residents can learn from a group of faculty or supervisors, and thus are not
tied to one specific faculty for a long period. Consequently, residents learn
different competencies from multiple faculty who fulfill distinct functions as
role models. A recent study revealed that residents actually search for and
distinguish between different role models for the roles of teacher, physician
and person.3 A few descriptive studies reported characteristics of faculty that
might enhance their role modeling in these different capacities.9-13
These characteristics include teaching qualities, clinical qualities, and personal qualities. Empirical evidence supporting the influence of these qualities on the different role model types is still scarce. In a recently published
empirical study,3 we explored the relationship between faculty’s teaching performance and their role modeling. Results of that study suggest that faculty’s
teaching performance could impact their role modeling as teacher-supervisor, physician, and person. Although faculty’s teaching performance was
more prone to influence their role modeling as teacher-supervisor, teaching
performance was also found to be highly associated with the physician and
person role model types.
Our previous study included multiple analyses, to provide a detailed overview of the impact of faculty’s teaching performance on their role modeling
in different roles as teacher-supervisor, physician and person. In that study,
we had to make assumptions about the causal relationship between teach-

ing performance and role modeling. We assumed that faculty who enhanced
their teaching performance were more likely to be seen as better role models. This relationship was supported by the scarce literature available on role
modeling.7 Furthermore, we had to specify if there were any causal relationships between the three role model types; for example, did role modeling
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as a person enhance role modeling as a teacher-supervisor or physician?
Although we tried to find support for these assumptions in the limited literature available on role modeling,1;13;14 the absence of a clear theoretical framework allowed us to make different assumptions. Given previous studies, we
assumed that the three role model types were not causally interrelated. In
this study, we further explore the different causal models not explored in our
previous study, mainly illustratively.
The specific research questions explored in our current study were: 1) what
are the potential causal relationships between teaching performance and
the three role model types; and 2) how do these different causal assumptions impact the associations between teaching performance and the role
model types? We explored the main plausible causal models on this topic, to
gain insights into the influence of faculty’s teaching performance on their role
modeling as teacher-supervisor, physician, and person. In the absence of a
clear and generally accepted theoretical framework supported by empirical
evidence, it was not our aim to search for one “best model” or to compare the
models in terms of statistical goodness-of-fit.

METHODS
Waiver of ethical approval was provided by the Institutional Review Board of
the Academic Medical Center of the University of Amsterdam, Amsterdam,
The Netherlands. A waiver was provided because ethical approval for this
study was not required under Dutch law.
Causal diagrams
In epidemiology, computer science, social sciences and other quantitative
disciplines, graphical models embodied by directed acyclic graphs (DAGs)

are increasingly used to illustrate causal relationships between variables.6;15;16
DAGs have a long history that can be traced back to path diagrams that
graphically represent structural equations models (SEM) often used by medical education researchers and social scientists. Over the last two decades,
graphical models were generalized and extended to allow for nonparametric,
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probabilistic, causal, and functional interpretations beyond their more common parametric (linear) purview as path diagrams.
Backed by a set of elegant mathematical machinery, often embodied by the
graphs, DAGs tend to be user-friendly for both technical and non-technical
researchers. DAGs provide researchers with a useful tool for visualizing their
research question(s), conveying assumptions in a transparent manner, deciding on a sufficient set of confounders to include in their analysis for effect
estimation, and recognizing when to take more measurements before proceeding further. Because DAGs transcend statistical methods, they can be
used in any situation where causal relationships between variables on a specific topic need to be visualized. While path analysis or SEM accompanied
by path diagrams also use graphical models, they require specific statistical
assumptions about linearity and multivariate normality, while DAGs can be
used regardless of the subsequent statistical assumptions made. That is,
DAGs are non-parametric representations of causal models while path diagrams are the parametric representations of SEM.
Furthermore, one of the most important developments in modern causality
is the distinction between causal concepts and statistical concepts.6 Statistical concepts are determined by the probability distributions of the variables
under study and can provide information about associations between such
variables. However, causal relations cannot be determined by probability distributions alone. Statistical tools can show if there is an association between
two variables, but they are unable to determine if those two variables are associated by a direct causal effect, an indirect causal effect, a (unmeasured)
common cause of the two variables, conditioning on a common consequence
of the two variables, or a combination of the above described possibilities.
Based on background knowledge, real world observations and experiments,
researchers can construct appropriate DAGs for depicting causal relations in
a specific study. Subsequently, researchers can use the DAGs to guide their
choice of covariates for confounding control with respect to target causal
effects, and then choose appropriate statistical techniques for the analysis
while taking into account their data and the assumptions required for the
chosen statistical techniques. Since DAGs are new to medical education
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research, we will first briefly introduce the most commonly used features of
DAGs. In this description of DAGs, we will use teaching performance and the
three role model types in order to illustrate our points.
Figure 1 Examples of directed acyclic graphs (DAGs) relating teaching
performance and role model types

DAG A: TP causes RM-TS (a direct path). DAG B: TP causes the three types of
role modeling (that is, the three role modeling types share a common cause, TP).

DAG C: an ineligible cyclic path. DAG D: a bidirectional path. DAG E: RM-phy mediates the path from TP to RM-TS. DAG F: RM-phy is a collider variable between
TP and RM-TS
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An example of a DAG is illustrated in figure 1 DAG A, where teaching performance (TP) is the predictor or exposure variable and the role model type
teacher-supervisor (RM-TS) is the outcome. A DAG can be expanded by
adding more variables. In figure 1 DAG B, the DAG is expanded by adding
two extra outcome variables, namely role model type as physician (RM-phy)
and as person (RM-per). In theory, a DAG can have a large number of variables, but for practical reasons it is recommended to limit the number of variables to those that are most important for answering the research question.6
In a graph, variables represent nodes or vertices. Variables are connected
by arcs or edges. Adjacent variables are those connected by an edge, while
adjacent edges are those that meet at a variable. An edge is usually an arrow
where the variable at the tail of the arrow is called a parent while the variable
at the arrowhead is called a child. An arrow represents a “direct” causal effect, often called as such because intermediate variables have been omitted.
A sequence of adjacent edges or arrows is called a path. A directed path is
one formed by following arrows aligned only from their tails to heads. A directed path is causal. An example of a directed path is found in figure 1 DAG
A, where the path between TP and RM-TS is a directed path towards RM-TS.
The causal relationship is simple: TP causes RM-TS. An acyclic graph is one
without a feedback loop meaning no variable causes itself. Therefore, a directed acyclic graph (DAG) is a graph with tail-to-head arrows as edges and
no feedback loops (an ineligible feedback loop is illustrated in figure 1 DAG
C). Often, a (dashed) bidirectional arrow is used to depict an omitted common cause or parent. An example of a bidirectional path is the path between
RM-TS and RM-phy in figure 1 DAG D.
A mediating variable is one that intercepts the causal pathway between two
variables. For example, RM-phy is a mediator (TPRM-phyRM-TS) in figure 1 DAG E. A collider is a variable in a path with at least two arrows pointing
into it. A collider blocks a path between two other variables. An example of a
collider variable is RM-phy in figure 1 DAG F on the path from TP to RM-TS
through C (TPRM-phyRM-TS).
An open undirected path between any two variables in a DAG is called a
biasing path. In an unconditional DAG, all biasing paths are backdoor paths.
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A backdoor path is a biasing path that begins with an arrow pointing into the
exposure (say, TP) and ends with an arrow pointing into the outcome (say,
RM-TS). The simplest example would be a path formed by drawing a common cause of both TP and RM-TS (say, U) into DAG A of Figure 1. One of
the most important results of graph theory and DAGs is the backdoor criterion which instructs us to find a sufficient set of variables to block the open
biasing path or backdoor.5;6 Variable selection for control of confounding or to
close backdoors is central to identification and estimation of causal effects.
It is, perhaps, not surprising that variable selection has spurred several misconceptions in the literature.6;17
DAGs for teaching performance and role modeling
Next, we drew all plausible causal relationships between the variables teaching performance and the role model types, using the DAGs introduced above.
We included the main study variables teaching performance (TP) and the
three role model types, teacher-supervisor (RM-TS), physician (RM-phy),
and person (RM-per) in all DAGs. In addition, we included the covariates
faculty’s sex (FS) and experience (FE), residents’ sex (RS) and residency
year (RY), hospital (HO), and specialty (SP) in the DAGs.
The relationship between these covariates, the predictor variable (TP), and
the outcome variables (RM-TS, RM-phy and RM-per) were fixed in all DAGs
(i.e. each of these covariates impacted both the exposure TP and the outcome role model types in all models; thus they were identified as confounders for the relationship between TP and the role model types).3;13 Because
there was some evidence that supported a causal relationship from teaching performance towards the different role model types (and not reverse),9-12
these relationships were also fixed in all DAGs. The DAG in Figure 2 shows
all causal relationships among the variables that were fixed in subsequent
DAGs. To make the subsequent DAGs simpler to read, all covariates were
visualized as one variable Z (as in figure 3, DAG 1).

CAUSAL RELATIONS BETWEEN ROLE MODEL TYPES

143

Figure 2 DAG of the relationship between teaching performance and role modeling

TP = teaching performance; RM-phy = role model physician; RM-TS = role model
teacher-supervisor; RM-per = role model person; RS = residents’ sex; RY= residents’ residency year; FS= faculty’s sex; FE = faculty’s experience; HO= hospital;
SP= specialty

The interconnectivity between the role model types could then be defined.

To our knowledge there was no scientific evidence about the causal relationships between the three role model types. Therefore we drew all possible
(combinations of) paths between the role model types that we considered
plausible. In the first DAG there were no causal relationships between the
role model types (Figure 3, DAG 1). In the second DAG, the role model types
had no direct causal effect on each other, but they shared connections with
other variables outside this graph (Figure 3, DAG 2). In the other DAGs,
causal relationships between the role model types were possible, such that
high performance on one role model type could have caused enhanced performance on another role model type. In these DAGs (Figure 3, DAG 3-DAG
8), one role model type could mediate the relationship between teaching
performance and another role model type.
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From DAGs to statistical models for estimation
Next, the target causal relationships depicted in the DAGs were translated
into statistical models. Since we were interested in the influence of a predictor variable (teaching performance) on certain outcome variables (the three
role model types), we used regression models to estimate the “effects” under
the (untestable) assumption of ‘no uncontrolled confounding’ as well as assumptions of no bias due to measurement error and selection bias.
All regression models included teaching performance as the exposure (or
main predictor) variable and one of the three role model types as the outcome variable. In some models, adjustment for role model types other than
the outcome role model type was required, such as when non-mediated effects were under consideration and the other role model types could serve
as mediators of the relationship between teaching performance and the
outcome role model type. We explain how we used the DAGs to guide our
analysis in the current study below.
Because the role model types in DAG 1 of Figure 3 were not causally related
(there was no path between the role model types), the regression models
that correspond to DAG 1 were not adjusted for mediating variables. By DAG
rules, the relationship between TP and RM-TS in DAG 2 was not confounded
by either RM-phys or RM-per and could, therefore, be estimated without conditioning on either. Therefore, the result for DAG 2 was comparable to that
of DAG 1. The circumstances for DAGs 3 to DAG 8 were more complicated.
In Figure 4, we elaborate on an example of how we used the DAGs to guide
the specifications of corresponding regression models.
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Figure 3 DAGs of the different causal relationships between teaching performance
and the different role model types

TP = teaching performance; RM-phy = role model physician; RM-TS = role model
teacher-supervisor; RM-per= role model person; Z depicts the covariates namely,
faculty’s sex and years of experience, residents’ sex and residency training year,
hospital and specialty. (This collapsing of the covariates into one variable Z was
only intended to make the DAGs more legible in this illustrative study; but we discourage doing so in actual applications.)
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Figure 4 DAGs and models

Ultimately, we ran four unique models for each of the three role model types
as an outcome measure (resulting in a total of twelve models). For each role
model type outcome, the first model only included teaching performance as
the main predictor and included no mediating variables. The second model
included teaching performance as the main predictor and one of the two remaining role model types as a mediating variable. The third model included
teaching performance as the main predictor and the other remaining role
model type (i.e. the one not used in model 2) as a mediating variable. The
fourth model included the teaching performance as the main predictor and
both remaining role model types as mediating variables. Because the covariates faculty’s sex and years of experience, residents’ sex and residency
training year, hospital and specialty had arrows pointing towards both the
exposure variable teaching performance and the outcome role model types
in all DAGs, they were identified as confounders of the relationship between
teaching performance and role modeling. Therefore the variables were included as confounders in all regression models.
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Data on teaching performance and role modeling
The data on faculty’s teaching performance and the role model types were
obtained in our previous study.3 In that study, we used a validated web-based
system called System for Evaluation of Teaching Qualities (SETQ),18-21 to
obtain data on faculty’s teaching performance and their role modeling. The
SETQ questionnaires used 21 core items to evaluate faculty’s teaching performance and three additional items to evaluate their role modeling. The
SETQ core items were all preceded by the statement “During my residency
training my attending faculty generally…”. Examples of the items were: …
stimulates residents to bring up problems; … listens attentively to residents;
and … offers suggestions for improvement. The role model items were quoted as: “During my residency, this faculty is a role model to me in his/her role
as... i) teacher/supervisor; ii) physician; iii) a person”. All items were scored on
5-point Likert scale: 1 = “strongly disagree”, 2 = “disagree”, 3 = “neutral”, 4 =
“agree”, and 5 = “strongly agree”, and there was an additional option “I cannot
judge”. Previous validation studies of the SETQ instruments included, but
were not limited to, exploratory factor analyses, internal consistency analyses, inter-scale correlations, scale versus global rating correlations, and
item versus total scale correlations. These validation studies showed that the
SETQ instruments were reliable and valid for measuring faculty’s teaching
performance in various settings.18-21 Those previous SETQ validation studies
suggested a five-factor structure for teaching performance: learning climate,
professional attitude towards residents, communication of goals, evaluation of
residents and feedback. A Principal component analysis with varimax rotation
of our current study data yielded the same five-factor structure. Additionally,
internal consistency analysis yielded Cronbach’s alphas ranging from 0.89
to 0.92 for the five factors and 0.96 for teaching performance overall (i.e., all
items combined). The full results of the psychometric analyses are available in
Appendix S1.
The teaching performance variable used in the current study was an average score of the 21 core items from the SETQ questionnaires. The outcome
variables used in this study were residents’ perceptions of faculty’s role modeling on the three different role models types. Participants who provided the
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data for the study were 219 residents, who evaluated 423 faculty. Faculty
and residents worked in the anesthesiology, internal medicine, obstetrics &
gynecology, pediatrics or surgery departments of eleven different teaching
hospitals in The Netherlands. In total, residents completed 2111 evaluations,
yielding, on average, five resident evaluations per faculty. For more information on the setting and background characteristics of study participants we
refer the reader to our previous study.3
Statistical Analysis
Data were analyzed using the regression models described above. We began by checking the statistical assumptions required for performing parametric analyses.2 Since these statistical assumptions were met, we proceeded
to choose an appropriate parametric model for estimating the associations
between faculty’s teaching performance and their role modeling. We used
generalized estimating equations (GEE) to adjust for clustering on hospital,
specialty, faculty, and resident level.2 We used ordinal logistic GEE models,
as our data contained ordinal outcome variables. The associations between
faculty’s teaching performance and their role modeling were presented as
odds ratios and 95% confidence intervals. Data were analyzed using IBM
SPSS Statistics 21 for Windows operating system.

RESULTS
In all models (table 1), teaching performance was positively associated with
the role model types of teacher-supervisor, physician, and person. Overall,
the magnitudes of the associations were higher for the teacher-supervisor
role model (RM-TS) compared to the other two role model types. In the models that included other role model types as mediating variables, the magnitude of the effect of teaching performance on the outcome was reduced. In
all models, variables that were included as mediators had a substantial associations with the outcome.
For models with the role model type of teacher-supervisor as the outcome,
the odds ratio (95% confidence interval) was 73.6 (54.8–98.8) for the model
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that not included any mediating variables (RM-TS1), 41.9 (31.0–56.7) for
the model that included the role model physician as a mediating variable
(RM-TS2), 39.1 (28.8–53.1) for the model that included the role model person as a mediating variable (RM-TS3), and 31.1 (22.7–42.5) for the model that included both role model types as mediating variables (RM-TS4).
For the models with the role model type of physician as outcome measure,
the odds ratios ranged from 15.5 (12.3–19.5) for model RM-phy1 to 3.70
(2.75–4.99) for model RM-phy4 (table 1). For the models with the role model
person as the outcome measure, the odds ratios ranged from 13.8 (11.2–
17.0) for model RM-per1 to 2.8 (2.12–3.69) for model RM-per4 (table 1).

Table 1 Associations between teaching performance and the role model types for
the different DAGs.
Outcome model

Role model as a
teacher-supervisor

Correspond- Exposure(s)
ing
DAG number

Odds Ratio (95%
Confidence Interval)

RM-TS1

1, 2, 5, 6

Teaching performance 71.55 (53.73–95.27)

RM-TS2

3

Teaching performance 41.95 (31.01–56.73)

RM-TS3

7

Teaching performance 39.10 (28.78–53.12)

RM-TS4

4, 8

Role model physician

2.41 (2.00–.92)

Role model person

2.44 (2.07–2.87)

Role model physician

1.84 (1.50–2.25)

Teaching performance 31.06 (22.70–42.50)
Role model person

2.02 (1.70–2.40)
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Role model as a
physician
RM-phy1
RM-phy2

1, 2, 3, 4
5

RM-phy3

8

RM-phy4

6, 7

Teaching performance 15.82 (12.62–19.82)
Teaching performance 5.52 (4.14–7.37)
Role model
teacher-supervisor

2.79 (2.28–3.40)

Role model person

3.31 (2.78–3.95)

Role model
teacher-supervisor

2.00 (1.62–2.46)

Teaching performance 6.61 (5.14–8.51)
Teaching performance 3.70 (2.75–4.99)

Role model person
Role model as a
person

2.81 (2.35–3.38)

RM-per1

1, 2, 7, 8

Teaching performance 13.65 (11.17–16.70)

RM-per2

6

Teaching performance 4.56 (3.50–5.95)

RM-per3
RM-per4

4
3,5

Role model
teacher-supervisor

2.96 (2.45–3.59)

Role model physician

3.61 (3.00–4.35)

Teaching performance 6.14 (4.89–7.72)
Teaching performance 2.80 (2.12–3.69)
Role model teachersupervisor

Role model physician

2.41 (1.98–2.93)
3.15 (2.61–3.81)

All models were additionally adjusted for these covariates: faculty’s sex and years of
experience, residents’ sex and residency training year, hospital and specialty
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DISCUSSION
The aim of this study was to explore the impact of applying different causal
assumptions regarding the interrelationships of role model types and teaching performance. Applying different causal models resulted in large differences in the associations between faculty’s teaching performance and their
role modeling. To our knowledge, this is the first study in medical education
research that provides empirical evidence for the influence of different causal
assumptions on study outcomes. It provides new insights into the plausible
causal relationships in the emerging field of role modeling research.
Traditionally, researchers may test different models reflecting different causal
assumptions, but only present the models with the highest explained variance or best statistical fit. The approach is reasonable if researchers are
interested in the amount of variance explained by the set of variables in the
models. However, for those interested in estimates of the causal effects of an
exposure such as teaching performance on an outcome, selecting the ‘best’
model based on the best statistical fit or the greatest explained variance can
be misleading. Statistical models with worse fit might yield estimates consistent for target causal effects while statistical models with ‘best’ fit might
yield biased estimates.22;23 Because there was no agreement on the causal
structure(s) relating teaching performance to role model types as of yet, this
study did not aim to provide any additional theoretical support for one causal
model over others. Rather, we aimed to enhance insights into the different
plausible causal relations and their impact under different assumptions of the
(unknown) data generating mechanism. To our knowledge, this is also the
first study that applied modern DAGs theory in a medical education study.4;6
The differences in associations between the explored models could imply
different interpretations for practice. For example, when considering models
with the physician role model type as the outcome, the difference between
the model without any mediating variables (model RM-phy1) and the model
that included the role model type of person as a mediating variable (model
RM-phy3) was large (OR (95%CI): 15.5 (12.3-19.5) versus 6.61 (5.14-8.51)).
Results from these models may lead to different policy strategies for faculty who want to enhance their role modeling. Faculty who believe model
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RM-Phy1 is the best supported model (that is, only teaching performance is
directly related to the physician role model type) would choose to invest in
improving their teaching performance which would subsequently enhance
their role modeling as physicians. However, faculty who believe RM-Phy3
is the best supported model – meaning that both teaching performance and
role modeling as a person cause residents to perceive them as a role model
physician - would be inclined to invest in qualities to enhance their role modeling as person, in addition to their investments in teaching performance.
In this study, only differences in the magnitudes (not directions) of the associations (or effects, if no uncontrolled confounding) were seen under the
different assumed causal structures. The large effect sizes of the associations in this study resulted in large (and due to the big sample size, precise)
odds ratios. In studies where the effect sizes or sample sizes are smaller,
differences in assumed causal structures are more likely to affect magnitude,
direction, and precision of estimates. For instance, differences in precision,
that is, how narrow the confidence intervals are, will become important if
imprecise and so-called statistically (in) significant results are included or
excluded from subsequent considerations.
This study provides an overview of the plausible causal relationships of
the effects of faculty’s teaching performance on their role modeling. This
work can guide future empirical research in searching for evidence regarding specific causal relations in role modeling research. Future directions for
research on the causal effects of teaching performance on role modeling include the exploration and identification of heterogeneity (including interaction
and modification) of these effects by faculty’s background characteristics.
These issues require stronger identification conditions and careful interpretation, which are beyond the scope of this paper.
Systematically drawing all plausible relationships between variables using

DAGs can be a helpful first step to move the debate forward in areas where
evidence supporting pre-specified causal assumptions is scarce. When researchers conclude that several causal models remain plausible, it can be
valuable to report all those alternative models, so that readers may decide
which assumptions they deem most plausible for their specific setting and
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which results they will value most from a study. When there are only a few
plausible alternative models, it is often possible to report results from all these
models concisely in one study. Results from alternative models are already
reported in many studies, although this is mostly limited to univariable models versus multivariable adjusted models, that is models adjusted for appropriate confounding variables.24 Likewise, alternative models examining mediation variables or heterogeneity could be added. It may not be feasible to
explore and report the influence of all plausible assumptions for every study,
as study reports will become unwieldy especially for an audience concerned
with policy and practice. However, in studies where researchers do not report alternative models, they should at least be explicit about their causal
assumptions and the potential influence of those assumptions on their study
outcomes. Authors who do not have the opportunity to report the outcomes
of alternative models in their main article could report the results of such
models in an (online) appendix. With the advances in digitalization of the
scientific literature, we hope and suspect that the opportunity to submit additional research findings in online appendices will be available in and even
be encouraged by most scientific journals.
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OBJECTIVE OF TEACHING PERFORMANCE EVALUATION
As this thesis is titled evaluating clinicians’ teaching performance, we will
start this discussion chapter by shortly readdressing for which purpose clinicians’ teaching performance evaluations are conducted. In other words, for
which purpose has the System for Evaluation of Teaching Qualities (SETQ),
that is nowadays used to evaluate the teaching performance of over 5000
clinician teachers, been developed?
As stated in the introduction of this thesis, the SETQ has been developed as
a formative evaluation system.1;2 In formative evaluation systems, clinicians
use evaluations to generate a critical appraisal of their own performance for
their personal development. In the case of the SETQ that is for their development as clinician teachers. Clinicians participate in a formative evaluation
system driven by an intrinsic motivation to gather performance data and to
improve performance when possible.3;4 In a formative context, it is assumed
that clinicians are willing to engage in continuous evaluations and try to respond accurately to the performance feedback after each evaluation.3-6
To facilitate clinicians in generating an appraisal of their performance data,
structured, valid and reliable external performance data have to be available.4 Because external performance data are often not easily available for
clinicians,4;7 the SETQ aims to generate such data and report it back in a
structured report to clinicians. The SETQ tools are designed to yield rich,
detailed and specific performance information that can help clinicians in the
process of informed self-assessment (model is described in the introduction
of this thesis) aiming to further develop their teaching qualities. Besides, the
SETQ includes a self-evaluation aimed to facilitate the explication of clinicians’ perception of their own performance, which is also believed to facilitate
informed self-assessment.4
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OVERALL FINDINGS
We will first shortly summarize the findings regarding the two overall aims
of this thesis. The first aim was to better understand how we can validly
and reliably evaluate clinicians’ teaching performance and changes in their
teaching performance over time. To summarize our findings, we found that
the SETQ tools appear to be valid and reliable for gathering clinicians’ teaching performance data from trainees and clinicians’ self-evaluation data. After
two evaluation cycles that included gathering performance data, reporting
that data to clinicians and an individualized follow-up, clinician teachers enhanced their performance scores. Also, trainees indicated that clinicians improved their overall teaching performance after the first, and even more after
a second evaluation cycle. However, the improvement in teaching performance scores and trainees’ perception of overall teaching performance improvement did not correspond on clinician level. Specifically, low correlations
between these two measures of performance change were found. Among
other arguments, the findings of our research lead us to the conclusion that
for robust assessments of performance change, multiple metrics, statistics
and data sources should be included.
The second aim was to explore if and how trainees’ perception of clinicians’
teaching performance could impact clinicians’ role modeling. The results
of our research suggest that clinicians can substantially enhance their role
modeling by improving their teaching performance. Overall, displaying a
good professional attitude towards trainees seems to impact role modeling
most. The influence of specific teaching domains on clinicians’ role modeling differs across specialties. The associations between specific domains of
teaching performance and clinicians’ role modeling also hold under different
(plausible) assumptions of causality and confounding, although the strength
of the associations differs.
In the remaining part of this chapter, we will elaborate on the interpretation of
our findings in the context of the existing literature, discuss the implications
of our findings for practice, provide suggestions to improve future practice
and policy, and identify topics that require further research. This chapter is
organized by content. First we discuss the teaching performance data used
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in teaching performance evaluations. Second, we elaborate on how these
teaching performance evaluations can lead to teaching performance improvement and third, if and how teaching performance evaluations can be
used for non-formative purposes. Fourth, we reflect on the advantages of
using a programmatic evaluation approach. We will conclude with discussing
our findings regarding the impact of clinicians’ teaching performance on their
role modeling.

CLINICIANS’ TEACHING PERFORMANCE DATA
Evaluations of clinicians’ teaching performance can involve multiple methods, measures and data sources. In our research we focused on traineeevaluations and self-evaluations of clinicians’ teaching performance using
the online SETQ tools. We will first discuss the characteristics of the performance data yielded by the SETQ tools and subsequently discuss the possibility to include other teaching performance data, using other evaluations
methods or other data sources.
The SETQ evaluations
In chapter two and three of this thesis, two psychometric studies describe
the characteristics of the performance data yielded by both the SETQ trainee-evaluations and the SETQ self-evaluations.8;9 Based on generalizability
analysis, four to seven trainee-evaluations are needed to obtain a reliable
evaluation of clinicians’ teaching performance, depending on the specialty
and performance domain evaluated.8;10-12 Additional analyses - presented in
chapter 3 - showed that teaching performance evaluations based on two or
three SETQ completed trainee-evaluation forms could also be considered
statistically reliable.9 This finding suggests that the SETQ tools are efficient
in gathering performance data from trainees, also when only a few trainees
are available to provide performance data. This ensures the feasibility to
gather reliable performance data through the SETQ, even in small training
programs. Studies on other teaching performance evaluation tools found that
eight or more trainee-evaluations were needed to obtain reliable performance
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data, which make those tools less suitable to evaluate clinicians’ teaching
performance in small training programs that include only a few trainees.13-16
In the teaching competency framework published by Srinivasan et al. (2011),
many important competencies for clinician teachers have been described.17
Some competencies are important for all clinician teachers, some are more
purpose-, setting- or context-specific. In the SETQ tools, we included 20 core
items for all specialties, and some optional specialty-specific items that can
be included for some specialties. According to a systematic review of other
teaching performance evaluations tools, tools include one up to 58 performance items.18 To our knowledge, none of these other tools capture all the
proposed competency domains, probably because of the necessary tradeoff between measurement length (longer tools are less feasible in practice)
and completeness. It does not seem feasible to evaluate all competencies
described in Srinivasan’s competency framework; the same is true for the
SETQ.17 However, in close collaboration with trainees and clinicians we
aimed to construct an important subset of items to evaluate clinicians’ teaching performance on important teaching domains, keeping the trade-off between measurement length and completeness in mind.1;2;11 Compared to other evaluation tools, when it comes to psychometric properties, measurement
length and number of evaluations needed for reliable performance scores,
the SETQ tools appear to be competitive and efficient in gathering clinicians’
teaching performance data.
The research that is included in this thesis focused on the quantitative performance data generated by the SETQ tools. In addition to the quantitative
data, the SETQ tools request trainees to provide narrative comments. Research showed that narrative comments are appreciated in addition to numerical data because they allow for more specific and detailed feedback.19;20
Because the numerical and narrative performance data are integrated in the
SETQ evaluations, (the effects of) both sorts of performance data should

be considered jointly. We will shortly summarize the findings of two studies
that explored the characteristics of the narrative SETQ comments.21;22 The
first study focused on the frequency of narrative comments and found that,
on average, clinicians receive thirteen positive comments and five sugges-
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tions for improvement in their feedback report.22 Clinicians with high numerical performance scores receive more positive comments, and vice versa,
lower scoring clinicians receive more suggestions for improvement. These
results suggest that clinicians receive the type of comments they need most,
i.e. positive comments to explain how clinicians can maintain high scores
and suggestions for improvement on how to enhance lower scores. The results of the second study on narratives indicate that most comments were
made about teaching skills and teaching attitudes, which was, of course, the
purpose of the SETQ.21 The specificity of these comments was overall of
good quality. In conclusion, trainees are generous in providing high quality
narrative comments accompanying the numerical performance data, which
will further benefit the quality of the SETQ performance data for clinicians’
informed self-assessment.
Our research provides evidence supporting the psychometric qualities of the
SETQ tools. However, we must underscore the importance of viewing validation as an ongoing process. Measurement tools need to be validated and
updated over time for their continued relevant and appropriate use in various
contexts and groups. Therefore, the psychometric properties of the SETQ
tools need to be critically reviewed, we suggest at least every five years,
or more frequently when major changes in postgraduate medical education
or medicine occur. Further, evaluation tools always need to be revalidated
when they are used in new settings, other countries or for different purposes.
As an example, our research group recently updated and slightly revised
the SETQ tools to make them suitable for European use. The revised tools,
called the SETQ-Smart tools, have been pilot tested in several European
countries and the data yielded in those pilots had decent properties, comparable to the properties of the SETQ tools presented in this thesis (study not
published yet).
It is also important to expand the validation process of the SETQ by including

other validation methods in future studies. Currently, evidence about the convergent, predictive, discriminant and concurrent validity of the SETQ tools is
limited. Future research can expand this evidence by relating performance
scores to outcomes that they are expected to correlate with. Such outcomes
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should reflect teaching and clinical performance, including patient outcomes
following care delivered by trainees and attending clinicians. For example,
the SETQ scores could be related to outcomes of colleague- or patient completed performance evaluations, guideline adherence data on medical or
surgical procedures, and to data on patients’ risk-adjusted quality of life or
mortality.
Overall, there is positive validity evidence supporting the use of the SETQ
tools to gather clinicians’ teaching performance data, however, there is still
an open research agenda to further substantiate the evidence on the SETQ
tools.
Teaching performance evaluations using other data sources
The SETQ tools and most other teaching performance evaluation tools focus on trainee-evaluations, sometimes combined with self-evaluations, to
provide clinicians with data on their teaching performance.18 However, other
methods have been used to evaluate clinicians’ teaching performance, including peer evaluations and observations of performance. Because those
methods rely on other data sources they will provide performance data from
a different perspective and will therefore be complementary to the traineeand self-evaluations.
Beckman et al. (2003) found that teaching performance evaluations completed by peers yielded reliable data for most teaching domains.23 An additional study by Beckman et al. (2004) found that the evaluations completed
by peers yielded different evaluation scores compared to the same evaluations completed by trainees, i.e. the correlations between the scores given
by peers and trainees were low.24 Although this was a small sized single
center study and the only study to our knowledge that compared the data
yielded by peer- and trainee-evaluations, the results suggest that teaching
performance evaluations based on peer- and trainee-data can yield different
evaluation results.24

Again another data source can be the direct observation of clinician performance. Such observations by trained observers have been used in two older
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studies to evaluate clinicians’ teaching performance, providing evidence that
this method is feasible to evaluate specific domains of clinicians’ teaching
performance.25;26 However, there is little evidence about the feasibility to obtain reliable observational data of clinicians’ overall teaching performance
in clinical settings. This absence of this evidence can imply that the feasibility of this method in practice is limited, because successful attempts would
probably have been published as they are of interest to many stakeholders
in the field of faculty development. Also, to our knowledge, no study compared the results of teaching performance evaluations based on observations with evaluations based on trainee- or peer completed evaluations. In
the clinician-patient communication literature, several studies report that the
correlations between patient- and observer evaluations of clinicians’ behavior were small.27-29 Besides, as has been discussed in chapter 2 and 4 of
this thesis, many studies showed that self-evaluations of performance rarely
have high correlations with observed performance.7;8;30 Although these findings may differ somewhat for clinician-trainee interactions, it shows that evaluations completed by stakeholders who are directly involved in an interaction
process (patients, peers and clinicians themselves) do often not match with
evaluations based on “neutral” external observations.
In conclusion, the results of evaluations based on a single method of data
collection among a homogenous group of feedback providers will provide
an incomplete view of clinicians’ teaching performance when used in isolation. Combining several evaluation methods is suggested to make evaluation outcomes more robust.31;32 Programmatic evaluations have proven to be
effective to evaluate students’ performance in clerkships.33;34 It seems very
likely that combining several valid and reliable evaluation methods, based
on different data sources, will make clinicians’ teaching performance evaluations more robust. Further research is needed to explore the feasibility of
such programmatic evaluations of teaching performance. Nowadays, performance evaluations are mostly not directly integrated in a program of evaluation, although other performance data is sometimes included in discussions
of the evaluation results.
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IMPROVING TEACHING PERFORMANCE THROUGH THE SETQ
EVALUATIONS
Many studies explored the effect of performance feedback on subsequent
performance.35 The findings presented in chapter 4 and 5 of this thesis suggest that clinicians can improve their teaching performance after a performance evaluation cycle. This finding is in line with three systematic Cochrane
reviews which summarized the effect of clinical audit and feedback (which
was defined as: “summary of clinical performance data of health care over a
specified period of time”) on clinicians’ subsequent clinical performance.36-38
These reviews concluded that audit and feedback can be effective in improving professional practice. The effectiveness of the feedback depends on
characteristics of the feedback data, factors within learners, external conditions, sources of information, relationships between people and on factors
within the practice environment.4;5;35;39;40 In the context of this thesis, factors
regarding the feedback data and the evaluation process are of special interest. According to the literature, evaluations are more effective when the
content and procedure of evaluations can be adjusted to clinicians’ own
learning needs and goals.39 The feedback data that is yielded by an evaluation should come from sources that are perceived as credible to provide accurate feedback.5;40;41 In addition, the feedback should be clear and specific
and should include narrative comments accompanying numerical evaluation
scores.19;20;40;41 Also, the feedback should be presented repeatedly and the
evaluation procedure should contain both specific goals and action plans.35
We expected that the factors impacting the effectiveness of clinical performance evaluations could also impact the effectiveness of teaching performance evaluations. Therefore, the SETQ tools have been designed taking
the factors for effective clinical performance evaluations into consideration.
Although the SETQ tools have been designed carefully and yield valid and
reliable performance data, the use of the tools in practice is equally important for the effectiveness of an evaluation. The findings from the literature,
as described above, provide some concrete and specific suggestions for the
effective use of the SETQ tools in practice. We will mention and discuss six
of them.
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First, as with any formative evaluation system, clinician teachers should be
engaged in the evaluation process and willing to self-direct their learning in
response to the performance feedback.3;4 Therefore, it is important to inform
clinician teachers accurately and timely about the evaluation procedure, purpose and goals and to engage them during planning, conducting and the
follow-up of an evaluation.
Second, the evaluation procedures should be flexible enough to account for
learning needs and personal characteristics of clinician teachers such as
experience, knowledge and self-confidence.39 Currently, some SETQ procedures are flexible and can be adapted to local needs and preferences of
training programs. The evaluation period starting date and length, the optional inclusion of specialty specific performance items and methods to discuss
the evaluation feedback once the performance data has been gathered can
vary between training programs. This allows training programs to combine or
attune the SETQ evaluations with other performance evaluations or to adjust
them for local goals and needs. The flexibility to adjust the SETQ evaluation procedures for individual clinician teachers within training programs is
currently limited. To answer to clinicians’ individualized needs, our research
group is designing and experimenting with innovations such as an individualized structured reflection method to facilitate the interpretation of the SETQ
performance data and building an online environment that allows for customized feedback reports with specific targets and reference scores for individual clinicians. It is expected that those two developments will enhance the
flexibility of the SETQ for individual clinician teachers.
Also, in future evaluations we may experiment with the option for clinicians
to focus on specific teaching domains during an evaluation. Future research
can explore and experiment with methods to further enhance the flexibility to
accommodate individual needs and preferences.
Third, the evaluations should be completed by sources that are perceived as
credible by the evaluated clinician teachers. Credible sources are described
as people who actually observed clinicians’ performance, understand the specialty domain and have a position of beneficence and non-maleficence.5;35;41
Trainees have observed clinicians’ performance, understand the specialty
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domain and will probably have a position of beneficence, because the performance feedback they provide can enhance the quality of their own training.
In the SETQ, all trainees who worked with a clinician teacher over the last
year are eligible to evaluate clinicians’ performance. To further enhance the
perceived credibility of the performance data, it can be even more beneficial
to let clinician teachers select the trainees they perceive as most credible
to complete the evaluations. A study where clinicians could select their own
feedback providers showed that self-selection hardly introduced any bias
compared to random selection of feedback providers.42
Fourth, the evaluations should aim to yield specific narrative comments accompanying the performance scores, specifically suggestions for improvement.19;20;35;40;41 The SETQ requests trainees to accompany performance
scores with narrative performance descriptions. As described earlier, trainees are generous in providing high quality narrative feedback in the SETQ
evaluations.21;22 The number of narrative comments provided through the
SETQ was considerably higher than the number provided through a comparable feedback tool in Canada.43 The limited number of numerical feedback
items in the SETQ may have stimulated trainees to provide additional narrative feedback. Also, in Canada trainees had to complete far more evaluations compared to the trainees who completed the SETQ, which could have
discouraged them from providing additional narrative comments. It is important to monitor whether trainees keep providing narrative comments, especially when the number of clinician teacher evaluations that trainees have to
complete or the number of items they have to score increase. The results
presented in chapter 5 of this thesis further substantiate the importance of
narrative suggestions for improvement, because the number of suggestions
received in a feedback report was positively associated with clinicians’ teaching performance improvement.
Fifth, the evaluation should contain both specific goals and action plans.

Goal setting prior to an evaluation and planning actions in response to a
performance evaluation are activities that are not part of clinicians’ (daily)
practice.20 Previous research suggests that a mentor or facilitator can be
very helpful in goal setting and action planning.41;44 Overeem et al. found that
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the perceived quality of a mentor was the strongest predictor of self-reported
change after receiving multisource feedback.45 A mentor may also help clinicians to deal with negative emotions resulting from disappointing evaluation results, which may decrease performance improvement, as reported in
chapter 4.46 Discussing the SETQ evaluation results with a mentor is nowadays included in some training programs, but wider use of a mentor should
be stimulated as it can be an important factor for facilitating change.
Sixth, the performance evaluations should be part of a system that repeatedly provides clinicians with performance data. The circular design of the
SETQ, in which teaching performance evaluations are usually repeated every year, accommodates the repeated provision of performance data. The
finding of chapter 4 that teaching performance scores were only enhanced
after the second evaluation cycle (and not after the first) confirms the importance of repeated feedback. Whether the frequency of once a year is the
optimal frequency is unknown and deserves further research. It should be
noted that a higher frequency will imply a greater time investment of clinicians and trainees and may therefore be less feasible in practice. On the
other hand, feedback that is provided timely – i.e. shortly after the observed
behavior – is usually perceived as more effective.35

EVALUATING FOR OTHER PURPOSES
Formative evaluations systems, such as the SETQ, have been developed
to assist and facilitate clinicians in their own professional development.
This thesis shows that the SETQ can be instrumental in facilitating clinicians’ professional development. However, not all performance evaluations
have the primary purpose to facilitate professional development. Evaluations can also be used to monitor performance (governance) or to assess
if clinicians qualify to obtain or maintain accreditation or certification. These

kind of evaluations can be labeled as summative evaluations.47 Eventually,
both formative and summative evaluations have the goal to maintain or improve the quality of (certain aspects of) healthcare, but the evaluation approaches differ considerably.47 Formative evaluations are self-directed and
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aim to provide clinicians with rich and various performance data, while summative evaluations are usually externally guided, mandatory and performed
to check if clinicians meet certain pre-specified quality standards. In contrast to the rich and comprehensive data aimed for in formative evaluations,
the main outcome of a summative evaluation is usually a judgmental rating
(insufficient, sufficient, good, excellent) or dichotomous (go/no-go, fit/unfit).
Research has shown that formative and summative evaluations require different characteristics to optimize their effectiveness.48-50 Several important
factors that contribute to the effectiveness of a performance evaluation, such
as its goal, standards, data characteristics and follow-up method, differ substantially between formative and summative evaluations (table 1). Therefore,
once an effective performance evaluation system has been developed for
formative purposes, it is inherently less suitable for effective summative evaluations, and vice versa.
Table 1 Differences in evaluation characteristics between formative and summative
evaluation systems
Characteristic

Formative evaluation

Goal

(informed-) Self-assessment of Check fitness to practice,
current state to identify
compare performance with a
professional development
quality standard
opportunities

Motivation

Frequency
Timing
Performance
standards

Consequences

Data sources

Intrinsic

Summative evaluation
Extrinsic

Driven by learning goals and
needs

Pre-specified

Self-determined and flexible

Pre-specified and
standardized

Adjusted to clinicians’ personal Pre-determined and
scheme
standardized

Personalized development
plan
Sources perceived as most
credible in the perception of
clinicians

Dichotomous outcome (go/
no-go, above/below
standard)

Only sources that can
accurately assess if a prespecified standard is met
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Data
characteristics
Follow-up

Detailed, concrete and
preferable includes narrative
comments

Reflection, preferably assisted
by a mentor or facilitator to
help clinicians in identifying,
explicating and planning development opportunities and
activities
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Equally reliable and valid for
every clinician, includes
numerical data only

Additional training or
interventions when a desired
level is not met; job
promotion

This also accounts for the validity evidence of the SETQ that is presented in
this thesis. All studies in this thesis were conducted to provide clinicians’ with
formative performance data. If trainees would have known that the performance data they provided through the SETQ would be used for summative
purposes, they might have provided different, potentially biased or flawed
ratings. Consequently, the validity evidence of tools used to gather performance data for formative use, does not apply when the same tools are used
in a summative way. Also, the finding that teaching performance evaluations
based on trainee feedback generate different evaluation results compared
to peer feedback or observations of performance, as discussed earlier in
this chapter, implies that summative performance evaluations should always
employ a programmatic approach including multiple data sources and data
collection methods. Of course, decisions regarding accreditation, fitness to
practice or job promotion cannot be made knowing they are based on incomplete performance data. Furthermore, even when different data sources are included, they have to be combined into one “summary measure”
to draw summative conclusions. To achieve this, methods to combine the
data should be constructed and choices have to be made about which data
source to prefer in case of conflicting outcomes.
In chapter 6 of this thesis we showed that combining and summarizing data
for the trainee-evaluations is complex and depends on rather arbitrary choices; combining several data sources and methods will be even more complex.
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Although the SETQ is not designed for summative use, summative elements
are sometimes added to the formative SETQ evaluations in practice. For
instance, in the Academic Medical Center in Amsterdam, discussion of the
SETQ feedback reports in annual job reviews with the head of a department is mandatory for all clinicians involved in teaching trainees. Although
not intended as a summative review, these job reviews are sometimes experiences or used as a summative activity. Also, at some departments, the
SETQ scores of clinicians are compared to nationwide mean scores as a
sort of performance norm. As shown in chapter 6, the SETQ scores are complex and situation- and context specific, so uninformed comparisons with
nationwide means seem meaningless. Even more, when formative performance scores are wrongly interpreted, it can lead to perverse reactions and
eventually discourage clinician teachers from further participation in formative evaluations.
Due to recently changed nationwide regulations,51 gathering performance
data from trainees, using systems such as the SETQ, is now mandatory for
all clinician teachers. Adding summative elements to the formative SETQ
system is called hybrid use of evaluations. In these hybrid evaluations, apart
from the mandatory participation or discussion of the feedback results, the
evaluation results are only used for clinicians’ own professional development,
as with other formative evaluations. Hybrid use of evaluations is seen more
often in the Netherlands. Participation in clinical peer review (called visitatie), and soon in multisource feedback evaluations (known as IFMS), is also
mandatory for individual clinicians to obtain or maintain their individual registration as a medical specialist, while the results of such evaluations are only
used formatively. The effectiveness of hybrid use is questionable and not
theoretically founded. Clinicians who are intrinsically motivated and willing to
develop their professional performance will participate in performance evaluations anyway, also on a voluntary basis. On the other hand, performance
evaluations will probably remain ineffective for clinicians who are neither willing nor motivated to engage in an evaluation and its intended and necessary
follow up activities such as the construction of an action plan. According to
the literature, motivating and engaging clinicians in performance evaluations
and facilitating them in constructing an action plan when the feedback is
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received, seems to be much more effective than making participation in a
formative evaluation mandatory.

PROGRAMMATIC PROFESSIONAL PERFORMANCE EVALUATIONS
Programmatic evaluations of clinicians’ teaching performance can combine
different data collection methods, data sources and can serve several purposes.32 Taking this line of thought one step further, we can construct programmatic evaluations of clinicians’ professional performance, which also
include their clinical, research and managerial performance. Many clinicians
perceive teaching in the clinical context and delivering patient care as an
integrated and simultaneous process and find it difficult, sometimes even
impossible, to distinguish the two in practice.52 Even more, there will be few
professional skills, attitudes and behaviors that solely impact the quality of
patient care, research or education. Most generic skills are equally relevant
for teaching, clinical, research and managerial performance. For example
providing clear verbal and written communication, displaying a professional
attitude, time management and providing clear and constructive feedback
are relevant for clinicians’ professional performance, irrespective of whether
clinicians are teaching, doing research, providing patient care or managing
their practice. So why than evaluate them separately?
In a programmatic approach, clinicians’ professional performance evaluations can be integrated, combined or at least attuned, which makes it easier
for clinicians to oversee and engage in all evaluations. Also, the logistical and
administrative procedures that come with evaluations will be more efficient
when evaluations are integrated in a program, for clinicians, evaluators and
administrative personnel.
As described earlier, motivation and engagement are key factors for the

effectiveness of performance evaluations.4-6 Because we know that poorly
attuned performance evaluations with overlap in evaluated performance
domains or evaluation logistics decrease the motivation and engagement
of clinicians,20 efforts should be taken to avoid such inefficient procedures.
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The first attempts to construct programmatic approaches for clinicians’ professional performance evaluations are currently taken. In a recently established committee, named committee Scherpbier 2.0, experts are discussing
how to construct programmatic evaluations in an effective and practical way.
In the proposed programmatic approach, promoting and evaluating the internal quality management system of training programs and training regions is
stressed instead of dominantly relying on mandatory external quality evaluations. Subsequently, an attempt will be made to integrate such teaching
quality management systems with clinical quality management systems. In
advance of the recommendations of the Scherpbier 2.0 committee, the institutional governing body for postgraduate medical training at the Academic
Medical Center in Amsterdam started to construct a programmatic evaluation
to oversee the quality of both postgraduate training and patient care in the
next five years. In conclusion, it seems that several important stakeholders
perceive the need for programmatic professional performance evaluations.
In the near future, we will experience how the evaluation programs work in
practice and how they may be improved.

TEACHING PERFORMANCE AND ROLE MODELING
Role modeling is uniformly embraced by the medical and medical education
literature as an important and powerful teaching and learning strategy. No
less than 90% of medical graduates remembers role models who shaped
their professional skills and attitudes.53;54 There is ample knowledge about
clinical, personal and teaching attributes of clinician teachers that may affect
trainees’ perception of clinicians’ role modeling. On the contrary, few empirical studies explored the consequences of role modeling or the changeability
of clinicians’ role model status.55 We aimed to contribute to the existing literature by the studies described in chapter 7 and 8 of this thesis. We explored
if and how clinicians’ role model status could be impacted by their teaching
performance. We expected that clinicians could enhance their positive role
modeling by improving their teaching performance.
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Our expectation was substantiated by the relative strong associations found
between the teaching performance domains evaluated by the SETQ and
clinicians’ role modeling.56 Because the retrospective study design did not
allow for robust causal inference of the study results, we estimated the associations under different assumptions of causality and confounding in chapter
8.57 The results show that the associations remain - although they differ in
strength - under a variety of plausible causal assumptions, which makes a
causal claim between clinicians’ teaching performance and their role model
status more robust and more plausible in practice. Thus, our studies provide empirical evidence suggesting that clinicians’ teaching performance can
influence their role model status, and that enhancing their teaching performance may enhance their role modeling.
Many teaching performance domains are cognitive in nature, thus they can
be learned and improved by clinicians. Even more, in chapter 4 and 5 of
this thesis, we provide empirical evidence of clinicians teaching performance
improvement. This is good news for clinician teachers who aim to enhance
their positive role modeling. In the preceding part of this discussion chapter,
we discussed that well designed and appropriately used performance evaluations, can assist clinicians in improving their teaching performance. This
improvement in teaching performance can then consequently enhance clinicians’ role modeling.
For clinicians who want to enhance their role modeling, there are more possibilities than through improving their teaching performance. According to
Mann (2014), faculty development focused at clarifying the meaning of role
models and the process of role modeling can also contribute to clinicians’
role modeling.58 She also highlights the importance of the institutional environment in supporting positive role modeling. Since the term role modeling
is included by competency frameworks such as the CanMEDS,59 the interest of clinicians teachers in the concept of role modeling has increased. For
instance, in the Dutch regulations for postgraduate medical education, it is
stated that all clinician teachers should act as good role models.60 Over the
last years, we faced multiple clinicians who experienced difficulties with this
obligation. They felt they had insufficient knowledge about what positive role
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modeling entailed, how it was related to the quality of their teaching, and
most important, how clinicians could enhance their role modeling. Following
the suggestion of Mann (2014), we organized several (conference) workshops over the last years aiming to inform clinicians about role modeling
and experienced positive reactions on behalf of the participating clinicians.
Informing clinician teachers about role modeling and expanding the research
on the factors that enhance role modeling and on the consequences of role
modeling, will remain important to enhance good role modeling in clinical
practice. Future research on factors that enhance role modeling should focus
on factors that are cognitive or changeable within a reasonable time period.
Such attributes can include clinicians’ communication with patients, respecting and recognizing the contribution of colleagues and coworkers and managerial- and leadership skills.61 These may also include institutional interventions aimed to improve faculty development opportunities for clinicians.58
Although the specific consequences of positive role modeling require further
research, we can speculate about the impact that positive role modeling can
have on clinical training. As explained in the first chapter of this thesis, clinicians’ always act as role models when they teach, are observed or work with
trainees. Clinicians may be conscious or unconscious of their role modeling
and it can occur in the formal, informal or hidden curriculum.62 Trainees can
learn from role models in different ways and in different situations.54 Shortly,
they can learn through conscious imitation of role models, through unconscious imitation of role models, and through reflective appraisal of clinician
teachers’ performance.54 Conscious and unconscious imitation can help students initially to cope with clinical situations or challenges that are new to
them.53 In that case, positive role modeling (i.e. providing good examples
and explaining good practice) can directly affect trainees’ clinical practice
and will enhance the quality of trainees’ patient care. It has also been suggested that unconscious imitation of behaviors occurs through the hidden
curriculum, as part of the socialization of medical trainees at a new department.63 This is mostly referred to when trainees incorporate inappropriate or
unprofessional behaviors recently after they start working at a new department.63 The enhancement of positive role modeling (and avoiding negative
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role modeling) will probably result in trainees incorporating more positive and
less inappropriate behaviors, which will eventually benefit the clinical and
learning environment and consequently the quality of patient care. Lastly,
when trainees learn through reflective appraisal of selected behaviors of clinician teachers, more positive role models will provide trainees with more
and probably a greater variety of learning opportunities. This allows them to
either learn more or to be more selective in which role models to learn from.
Besides, a greater variety of positive role models will allow trainees to select
the role models they deem most sufficient and fit for their personal professional development.
In conclusion, positive role modeling can benefit the quality of training in multiple ways. Because the quality of training can impact the quality of patient
care,64 trainees and patients deserve good role modeling by clinicians. To
take role modeling seriously can therefore be considered a moral obligation
of all clinician teachers.

CONCLUDING REMARKS
In this discussion chapter, we explained the overall findings of our research
and provided suggestions to incorporate the findings of our research into
practice, aiming for more effective performance evaluations in the near future. As is almost inherent to scientific research, every research question answered raises multiple new questions for advancing knowledge. The same
accounts for this thesis that identified many opportunities for further research,
of which several were phrased in this and previous chapters.
This thesis contributes to the knowledge of teaching performance evaluations and role modeling. Also, it contributes to evidence based (graduate
medical) education practice by means of the well-studied quality of the SETQ

that is nowadays used by over 5000 clinicians and 5000 trainees. Till now,
the number of participants using the SETQ is growing every year.65 Considering the positive effect that evaluation systems like the SETQ can have on
the quality of teaching, and hence, on the quality of patient care, we strongly
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feel it is a collective responsibility of the medical profession, researchers,
educationalists and policy makers, to continue and further expand this (type
of) research. Assisting clinician teachers and trainees in improving their performance serves nothing less than the ultimate goal to deliver high quality
care to all patients.
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SUMMARY

SUMMARY
The focus of this thesis is evaluations of clinicians’ teaching performance
in postgraduate medical education in the Netherlands. More specifically
we studied formative evaluations, which clinicians use to generate a critical
appraisal of their performance for their personal development. In the first
chapter, the key concepts and terms used throughout this thesis are defined
and explained. Gaining insight into the strengths and weaknesses clinicians’
performance is crucial for maintenance and enhancement of performance.
Research of the last two decades revealed that humans are predisposed to
being poor at unguided self-generated evaluations of their own performance.
Therefore, the availability of structured, valid and reliable external
performance data is essential for clinicians to evaluate their performance
as clinical teachers. Because such external performance data are often not
naturally and easily available for clinicians, we developed the System for
Evaluation of Teaching Qualities (SETQ) to generate such data and report
it back in a structured feedback report to clinicians. In the SETQ, trainees
provide clinicians with feedback on their teaching performance and besides,
clinicians self-evaluate their teaching performance. These two sources of
internal and external feedback allow clinicians to perform an informed selfevaluation of their performance.
In chapter two, the SETQ tools that were specifically designed for surgical
specialties are described and were empirically tested. In the study described
in chapter two we were specifically interested in 1) the reliability and validity
of the SETQ tools for evaluating clinicians’ teaching performance and 2)
whether clinicians’ self-evaluation correlated with the trainees’ evaluation of
those clinicians. We surveyed 343 clinicians and 320 trainees and studied
the reliability and validity of the SETQ tools using standard psychometric
techniques. The results showed that the SETQ tools yielded reliable and

valid data on five domains of teaching performance, namely, learning climate,
professional attitude towards trainees, communication of goals, evaluation
of trainees, and feedback. The correlations between clinicians’ self- and
trainees’ evaluations were low, with coefficients (τ) ranging from 0.03 to 0.18.
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These low correlations confirmed the hypothesis that internal and external
performance feedback provide a different, perhaps complementary view on
clinicians’ teaching performance and underlined the need for using external
feedback sources in informed self-evaluation of clinicians.
The psychometric properties of the SETQ tools were further tested in
chapter three. This study investigated and updated the validity and reliability
of the SETQ tools across 46 hospitals in a sample of 3025 clinicians and
2848 trainees. Strong psychometric techniques including confirmatory factor
analyses (CFA), reliability analysis, and generalizability analysis were used.
The CFA revealed acceptable fit of the data to the five-factor model that
was identified and described in chapter two. The high internal consistency
estimates suggested satisfactory reliability of the subscales. These results
add on the validity evidence found in chapter two. Therefore, more robust
evidence for a satisfactory validity and reliability of the SETQ questionnaires
for evaluating clinicians’ teaching performance were now available. The
generalizability analysis showed that even if only two or three trainees
completed a SETQ evaluation, results could be considered statistically
reliable. This was an important finding for training programs with a small
number of trainees, showing it was possible to evaluate clinicians’ teaching
performance at those programs with high reliability.
In chapter four, it was studied how trainees’ evaluations and self-evaluations
of clinicians’ teaching performance, as evaluated through the SETQ, evolved
after two annual cycles of evaluation, reporting and feedback. The results of the
multilevel growth models showed that, compared to the first (median score:
3.83, 20th – 80th percentile score: 3.46 – 4.16) and second (median: 3.82, 20th
– 80th: 3.46 – 4.14) evaluation period, trainees evaluated clinicians’ teaching
performance higher during the third evaluation period (median: 3.91, 20th –
80th: 3.59 – 4.27), p<0.001. Also, clinicians did not change their self-evaluation
scores over the three periods. In addition to the growth models, multilevel
regression models studied the influence of over- and underestimating own
performance on subsequent teaching performance. The results indicated
that clinicians who overestimated their teaching performance received
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lower subsequent performance scores by trainees (regression coefficient
b=-0.08, 95% confidence limits (CL)=-0.18, 0.02) and themselves (b=-0.12,
95%CL=-0.21, -0.02). Clinicians who underestimated their performance
subsequently scored themselves higher on self-evaluations (b=0.10,
95%CL= 0.03, 0.16), but were evaluated similarly by trainees. These results
suggest that overestimating own teaching performance could impede
subsequent performance.
Chapter five took a closer look at trainees’ perception of improvement in
clinicians’ teaching performance one year after receiving feedback. Overall,
trainees indicated that clinicians’ improved their performance after receiving
feedback. Analyses showed that perceived improvement was positively
associated with 1) receiving higher numerical feedback scores (b=0.077;
p=0.045) and 2) receiving more suggestions for improvement (b=0.011,
p=0.050). The number of positive comments and participation in a selfevaluation had no impact on perceived teaching performance improvement.
The results described in this chapter suggest that teaching performance
evaluation systems, such as the SETQ, can be helpful in enhancing
clinicians’ teaching performance in postgraduate medical education and that
the provision of narrative suggestions for improvement by trainees needs to
be stimulated.
Chapter six aims to provide a critical reflection on some important
methodological and statistical issues regarding the performance evaluations
that were studied in the previous chapters. We used empirical illustrations
based on longitudinal SETQ data of clinicians’ teaching performance. Such
a critical reflection is often omitted or ignored by research and practice. In
this chapter, we first showed how the characteristics of a measurement
scale can affect the performance data yielded by an evaluation tool.
Second, we showed how different summary statistics of the same data can

lead to opposing conclusions regarding performance change. Third, we
discussed the impact that the context and setting can have on performance
(change) scores. Fourth, we showed that current methods used to estimate
performance domain scores from measured performance items do often not
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acknowledge the complexity of clinicians’ performance. We finally concluded
that assessments of performance change are complex, situation and topic
specific, and context dependent.
In chapter seven and eight, the evaluations of clinicians’ teaching performance
that were studied in the previous chapters were related to clinicians’ role
modeling. Role modeling is uniformly embraced by the medical and
medical education literature as an important and powerful teaching and
learning strategy. Previous studies identified different typologies of role
models (as teacher/supervisor, physician and person) and explored which
of clinicians’ characteristics could distinguish good role models. The aim
of the study described in chapter seven was to explore how and to which
extent clinicians’ teaching performance influenced trainees’ evaluations of
clinicians’ different role modeling typologies. We found that clinicians’ overall
teaching performance influenced all role model typologies. For the specific
domains of teaching, overall, all three role model typologies were strongly
associated with “professional attitude towards trainees”. Further, the teacher/
supervisor role was strongly associated with teaching domains “feedback”
and “learning climate”. We also found that the associations of the specific
domains of teaching with clinicians’ role modelling varied widely across
specialties. However, because of the cross-sectional design of this study, we
could not infer robust causal claims from the study results.
Therefore, we re-estimated the associations of chapter seven under
different assumptions of causality and confounding in chapter eight. The
results showed that the associations remained - although they differed
substantially in strength - under a variety of plausible causal assumptions,
which makes a causal claim between clinicians’ teaching performance and
their role model status more robust and more plausible. Thus, the results
of this chapter provided empirical evidence suggesting that clinicians’
teaching performance can indeed influence their role model statuses,
and that enhancing clinicians’ teaching performance can enhance
their role modeling. Since the study outcomes and conclusions can be
sensitive to differences in causal assumptions, the results should always
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be interpreted in the light of causal assumptions made in each study.
In chapter nine, we explained the overall findings of our research and
provided suggestions to incorporate the findings of our research into
practice, aiming for more effective performance evaluations in the near
future. To summarize our findings, we found that the SETQ tools appear to
be valid and reliable for gathering clinicians’ teaching performance data from
trainees and clinicians’ self-evaluation data. After two evaluation cycles that
included gathering performance data, reporting that data to clinicians and
an individualized follow-up, clinician teachers enhanced their performance
scores. Also, trainees indicated that clinicians improved their overall teaching
performance after the first, and even more after a second evaluation cycle.
These findings are good news for the 5000 clinicians and 5000 trainees
using SETQ nowadays. Considering the positive effect that an evaluation
system like the SETQ can have on the quality of teaching, and hence, on the
quality of patient care, it is very important to use performance evaluations
more effectively and to continue and further expand this (type of) research.
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Dit proefschrift gaat over het functioneren van medisch specialisten als
klinische opleiders in de medisch vervolgopleidingen in Nederland. In het
eerste hoofdstuk worden de belangrijkste concepten en veelvoorkomende
termen in dit proefschrift gedefinieerd en toegelicht. Om goed te blijven
functioneren of beter te worden als klinische opleider, is inzicht in eigen
kwaliteiten en verbeterpunten essentieel. Onderzoek heeft de afgelopen
decennia aangetoond dat mensen over het algemeen slecht zijn in het valide
beoordelen van hun eigen functioneren. Om tot een goed oordeel over het
eigen functioneren te komen is gestructureerde, betrouwbare en valide externe
feedback belangrijk. Omdat dergelijke feedback niet op een vanzelfsprekende
wijze beschikbaar is voor klinische opleiders, pogen we met het onderzoek
dat is beschreven in dit proefschrift bij te dragen aan het beschikbaar maken
van deze feedback. De eerste stap die is genomen was de ontwikkeling van
het SETQ (System for Evaluation of Teaching Qualities) systeem. Dit systeem
verzamelt informatie over het functioneren van klinische opleiders vanuit de
AIOS (Assistenten in Opleiding tot Specialist) waarmee wordt samengewerkt
en een zelfevaluatie over het functioneren van klinische opleiders. Deze
informatie wordt op een gestructureerde wijze teruggekoppeld aan klinische
opleiders. De opleiders gebruiken de informatie uit de SETQ vervolgens
formatief; om tot een kritisch oordeel over hun functioneren als klinische
opleider komen en zo hun persoonlijke ontwikkeling als opleider te stimuleren.
In het tweede hoofdstuk hebben we de SETQ vragenlijsten die specifiek
zijn ontwikkeld voor de chirurgische specialismen beschreven en empirisch
getoetst. In deze studie waren we specifiek geïnteresseerd in 1) de
betrouwbaarheid en validiteit van de SETQ vragenlijsten voor het functioneren
van chirurgisch klinische opleiders en 2) in welke mate de zelfevaluatie
van klinische opleiders en de evaluatie door AIOS, over het functioneren
van klinische opleiders, met elkaar correleerden. In totaal participeerden
343 klinische opleiders en 320 AIOS in deze studie. De betrouwbaarheid
en validiteit van de SETQ vragenlijsten hebben we met behulp van
psychometrische analyses bestudeerd. De resultaten lieten zien dat de
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SETQ vragenlijsten betrouwbare en valide feedback opleverden over het
functioneren van klinische opleiders. Deze feedback was onder te verdelen
in vijf domeinen van opleiden (vijf-factor model), te weten: leerklimaat,
professionele attitude tegenover AIOS, communicatie over leerdoelen,
evaluatie van AIOS, en feedback. De correlaties tussen de zelfevaluatie van
klinische opleiders en de evaluaties door AIOS waren laag, met coëfficiënten
(τ) variërend tussen de 0.03 en 0.18. Deze lage correlaties bevestigden de
hypothese dat externe en interne evaluaties een verschillend beeld vormen
over het functioneren van klinische opleiders. Dit onderstreepte de noodzaak
om externe feedback te includeren in het evalueren van klinische opleiders.
In hoofdstuk drie hebben we de psychometrische eigenschappen van de
SETQ vragenlijsten verder onderzocht. In dit hoofdstuk onderzochten en
actualiseerden we de validiteit en betrouwbaarheid van de SETQ vragenlijsten
in een grote onderzoekspopulatie van 3025 klinische opleiders en 2848 AIOS
uit 46 verschillende ziekenhuizen. Robuuste psychometrische technieken,
waaronder confirmatieve factor analyses (CFA), betrouwbaarheidsanalyses
en generaliseerbaarheidsanalyses werden toegepast op de data. De CFA
liet zien dat het vijf-factor model dat werd geïdentificeerd in hoofdstuk twee
goed op de data past. De hoge interne consistentie suggereerde een goede
betrouwbaarheid van de vijf domeinen van opleiden. Deze resultaten leverden
sterk bewijs voor een goede validiteit en hoge betrouwbaarheid van de SETQ
vragenlijsten voor het evalueren van het functioneren van klinische opleiders.
De generaliseerbaarheidsanalyse toonde aan dat de evaluaties betrouwbare
feedback opleverden, zelfs wanneer slechts twee of drie AIOS een SETQ
evaluatie invulde. Dit was een belangrijke bevinding voor opleidingen met een
klein aantal AIOS, omdat blijkt dat het ook daar mogelijk is om het functioneren
van klinische opleiders met een hoge betrouwbaarheid te evalueren.
In hoofdstuk vier onderzochten we hoe het functioneren van klinische
opleiders, zoals geëvalueerd via de SETQ, zich ontwikkelde na twee cycli
van de evaluatie, rapportage en follow-up. De resultaten van de multilevel
growth modellen lieten zien dat, in vergelijking met de eerste (mediaan
score: 3.83, 20e–80e percentiel scores: 3.46-4.16) en tweede (mediaan:
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3.82, 20e – 80e: 3.46-4.14) evaluatieperiode, AIOS hogere scores gaven voor
het functioneren van klinische opleiders tijdens de derde evaluatieperiode
(mediaan: 3.91, 20e – 80e: 3.59-4.27), p<0.001. De zelfevaluatie scores van
klinische opleiders veranderden niet over de drie opeenvolgende perioden.
Met behulp van multilevel regressiemodellen hebben we de invloed van
over-en onderschatting van het eigen functioneren op het toekomstig
functioneren onderzocht. De resultaten lieten zien dat klinische opleiders
die hun functioneren overschatten, lagere scores ontvingen van de AIOS
in daaropvolgende evaluaties over hun functioneren (regressiecoëfficiënt
b=-0.08, 95% betrouwbaarheidsinterval (BI)=-0.18, 0.02) en ook zichzelf
lager inschatten (b=-0.12, 95%BI=-0.21, -0.02). Opleiders die hun
functioneren onderschatten scoorden zichzelf hoger in daaropvolgende
evaluaties (b=0.10, 95% BI=0.03, 0.16), maar werden door AIOS niet hoger
of lager geëvalueerd. Deze resultaten suggereerden dat overschatting
van het eigen functioneren het toekomstig functioneren kan belemmeren.
De studie beschreven in hoofdstuk vijf bestudeerde de perceptie die AIOS
hadden over het verbeteren van het functioneren van klinische opleiders,
een jaar na het ontvangen van feedback uit een SETQ evaluatie. De AIOS
gaven aan dat opleiders hun functioneren verbeterden na het ontvangen
van de feedback. Verdere analyses toonden aan dat hogere numerieke
feedback scores (b = 0.077; p=0.045) en meer narratieve suggesties voor
verbetering (b=0.011, p=0.050) positief geassocieerd waren met de door
AIOS ervaren verbetering. Het aantal positieve narratieve opmerkingen
en deelname door klinische opleiders aan een zelfevaluatie hadden geen
invloed op de gepercipieerde verbetering. De in dit hoofdstuk beschreven
resultaten lieten wederom zien dat evaluatiesystemen zoals de SETQ
kunnen bijdragen aan het beter functioneren van klinische opleiders in de
medische vervolgopleidingen. Het geven van narratieve verbetersuggesties
door AIOS zou moeten worden gestimuleerd, omdat dit een positieve
bijdrage kan leveren aan het functioneren van klinische opleiders.
In hoofdstuk zes gaven we een kritische reflectie op enkele belangrijke
methodologische en statistische factoren die de beoordeling van het
functioneren van klinische opleiders kunnen beïnvloeden. We hebben hierbij
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voorbeelden gebruikt op basis van empirische longitudinale SETQ data.
Een dergelijke kritische reflectie werd in zowel het onderzoek als de praktijk
vaak vermeden. In dit hoofdstuk lieten we ten eerste zien hoe de kenmerken
van een meetschaal de uitkomsten van een meetinstrument kunnen
beïnvloeden. Ten tweede lieten we zien hoe het gebruik van verschillende
statistische maten kan leiden tot tegengestelde conclusies op basis van
dezelfde data. Ten derde hebben we de impact die de context kan hebben
op het functioneren bediscussieerd. Ten vierde lieten we zien dat de huidige
methoden die worden gebruikt om het functioneren van klinische opleiders te
berekenen op basis van gemeten prestatie indicatoren vaak geen recht doen
aan de complexiteit van het functioneren. We concludeerden tenslotte dat
beoordelingen van het functioneren van klinische opleiders, en veranderingen
daarvan, complex, situatie- en onderwerp specifiek en context afhankelijk zijn.
In hoofdstuk zeven en acht, hebben we de invloed van het functioneren van
klinische opleiders, zoals geëvalueerd via de SETQ, op hun functioneren als
rolmodel bestudeerd. Het leren van rolmodellen wordt als een belangrijke
leermethode gezien in klinische opleidingssituaties. Eerder onderzoek heeft
drie typologieën van rolmodellen (als klinisch opleider, arts en persoon)
beschreven en onderzocht welke kenmerken van klinische opleiders in
goede rolmodellen te onderscheiden waren.
In hoofdstuk zeven hebben we onderzocht in welke mate het functioneren
van klinische opleiders de verschillende rolmodellen typologieën kan
beïnvloeden. De resultaten van deze studie wezen uit dat het functioneren van
klinische opleiders sterk geassocieerd was met alle rolmodel typologieën. Het
specifieke opleidingsdomein “professionele attitude tegenover AIOS” was het
sterkst geassocieerd met alle drie de rolmodel typologieën. Verder werd het rol
model klinische opleider beïnvloed door de opleidingsdomeinen “feedback” en
“leerklimaat”. De associaties tussen de specifieke domeinen van opleiden en de
verschillende rolmodel typologieën verschilde behoorlijk tussen specialismen.
Het cross-sectionele design van de in hoofdstuk zeven beschreven
studie beperkt ons echter in het trekken van sterke causale conclusies.
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Hoofdstuk acht heeft net als hoofdstuk zes een meer methodologische
insteek. Om sterkere causale conclusies mogelijk te maken, hebben we
de associaties van hoofdstuk zeven opnieuw berekend, ditmaal onder
verschillende aannames van de causaliteit en confounding. De resultaten zijn
beschreven in hoofdstuk acht en toonden aan dat de associaties substantieel
bleven onder verschillende plausibele causale aannames. Echter vonden
we voor sommige associaties relatief grote verschillen tussen modellen met
verschillende causale aannames. Deze resultaten boden, in combinatie
met de resultaten van hoofdstuk zeven, sterk empirisch bewijs voor de
belangrijke invloed die het functioneren als opleider kan hebben op het
functioneren als rolmodel. Verder liet deze studie zien dat klinische opleiders
die hun rolmodel status willen verbeteren dit zouden kunnen doen door te
investeren in het verbeteren van specifieke opleiderskwaliteiten. Omdat
deze studie ook liet zien dat de resultaten en conclusies van een studie sterk
beïnvloed kunnen worden door de causale aannames die aan een dergelijke
studie ten grondslag liggen, moeten de resultaten van een studie altijd
worden bekeken in het licht van de causale aannames die genomen zijn.
In hoofdstuk negen, plaatsten we de bevindingen uit dit proefschrift in
de context van de bestaande literatuur en de huidige ontwikkelingen in
de gezondheidszorg. We deden enkele suggesties om de bevindingen uit
ons onderzoek op een effectieve wijze te implementeren in de praktijk. In
het kort, toonde het onderzoek in dit proefschrift aan dat het functioneren
van klinische opleiders op een valide en betrouwbare wijze te evalueren is.
Verder gaven de resultaten aan dat deze evaluaties een bijdrage kunnen
leveren aan het verbeteren van het functioneren van klinische opleiders.
Dit is goed nieuws voor de ruim 5000 klinische opleiders en 5000 AIOS die
vandaag de dag gebruik maken van de SETQ. Gezien het positieve effect
dat evaluatiesystemen als de SETQ kunnen hebben op de kwaliteit van het
medisch onderwijs, en daardoor op de kwaliteit van de gezondheidzorg, is
het belangrijk dat we deze evaluatiesystemen effectief blijven inzetten. Het is
daarbij belangrijk om door middel van hoogwaardig onderzoek de effectiviteit
van deze evaluatiesystemen te blijven ondersteunen.
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Summary of PhD training, Conference attending and presentations,
teaching activities and parameters of esteem
Name PhD Student: Benjamin Boerebach
PhD period: March 2011 – December 2014
Name PhD Supervisors: Prof. dr. M.J.M.H. Lombarts, Prof. dr. M.J.
Heineman, Prof. dr. O.A. Arah, Prof. dr. A.J.J.A. Scherpbier

Courses
Year
2011
2011
2011
2011
2012
2012
2012
2012
2013
2013
2013
2014
2014

Course
Pubmed, Web of Science and Reference Manager (AMC
medical library)
Methods and Statistics in Educational Research (School of
educational sciences, UvA)
AMC world of science (AMC graduate school)
Clinical Epidemiology (AMC graduate school)
Advanced Topics in Biostatistics (AMC graduate school)
Advanced Topics in Clinical Epidemiology (AMC graduate
school)
Computing in R (AMC graduate school)
Basiscursus Regelgeving en Organisatie voor Klinisch
onderzoekers (AMC graduate school)
Causal inference (University of California at Los Angeles)
Epidemiology: Methods III (University of California at Los
Angeles)
Infectious Diseases (AMC graduate school)
Genetic Epidemiology (AMC graduate school)
Introduction to Bayesian method in clinical and epidemiological
research (NIHES Erasmus summer programme)
Total

ECTS*
0,3
12,0
0,7
0,6
2,1
1,1
0,4
0,8
6,0
1,0
3
1,1
1,4
30,5
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Conference attending and conference presentations
Year
2011
2011
2012

2012

2013

2013

2013

2014

2014

2014

Conference and presentation
Attending AMEE conference 2011 in Vienna, Austria
Attending NVMO conference 2011 in Egmond aan Zee,
Netherlands
Attending conference and oral presentation “The Teacher, the
Physician and the Person: how faculty’s teaching performance
influences their role modeling” at AMEE conference 2012 in
Lyon, France
Attending conference and oral presentation “The Teacher, the
Physician and the Person: how faculty’s teaching performance
influences their role modeling”at NVMO conference 2012 in
Maastricht, Netherlands
Attending conference and two poster presentations “A
Nationwide wwSystem for Evaluation of Teaching Qualities
(SETQ) of Clinician-Educators at Teaching Hospitals” and “The
teacher, the physician and the person: how faculty’s teaching
performance influences their role modelling” at Academy Health
annual research meeting 2013 in Baltimore, United States of
America
Attending conference and oral presentation “How Theory and
Causal Assumptions Can Guide Data Analysis and Inference
in Medical Education Research” at AMEE conference 2013 in
Prague, Czech Republic
Attending conference and two oral presentations “Hebben
de persoonlijkheid en het interpersoonlijk gedrag van
artsen invloed op de kwaliteit van zorg? Bevindingen van
een systematisch literatuuronderzoek” and “Symposium:
Professioneel gedrag en de rol van rolmodellen” at NVMO
conference 2013 in Egmond aan Zee, Netherlands
Attending conference and poster presentation “The impact of
physicians’ interpersonal behaviours on the quality of patient
care: A systematic review” at the International Forum on Quality
and Safety in Health Care in Paris, France
Attending conference and oral presentation “Conduction and
Interpreting of Factor Analyses After Measurements: Dealing
with Equivocal or Conflicting Results” at the WEON conference
in Leiden, Netherlands
Attending conference, organising a symposium and two oral
presentations “Uncertainty about research findings: qualitative
and quantitative approaches to address bias across paradigms”
and “The impact of resident- and self-evaluations on faculty’s
subsequent teaching performance” at AMEE conference 2014
in Milan, Italy

ECTS*
0,9
0,6

1,4

1,1

1,9

1,4

1,6

1,4

1,2

2,9
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Total

14,4

Teaching activities
Year
2012 –
2014
2012
20132014
2012 2014
2012
2013
2014
2014
2014

Activity
Teaching several workgroups in the master honoursprogram of medicine
Presentation at a rehabilitation symposium about
multisource feedback for physicians
Teaching lectures about quality management by medical
professionals for medical informatics students
Student coaching/mentoring

ECTS*

Co-directing a NVMO seminar about receiving feedback as
a teacher
Co-directing a NVMO seminar about role modeling
Co-directing a NVMO seminar about uncertainty in
research findings
Supervising a research project of a health science master
student
Organising a workshop about role modelling for nursing
specialists
Total other

0,7
0,4
0,7
0,4
0,7
0,7
0,7
0,7
0,7
5,7

Parameters of Esteem
Award
Patil Award AMEE conference 2012 in Lyon, prize for most novel contribution to the
conference in the category “Teaching and Learning”
Organisation

AMEE (Association for Medical Education in Europe)

Year			2012
Grant
		
Grant for a research visit of four months to University of California, Los Angeles

