
Central Lancashire Online Knowledge (CLoK)

Title Development and validation of two bronchoscopy knowledge assessments
Type Article
URL https://clok.uclan.ac.uk/id/eprint/55980/
DOI https://doi.org/10.1159/000546873
Date 2025
Citation Gerretsen, Eveline C.F., Popeijus, Herman E., Annema, Jouke T., 

Clementsen, Paul F., Corbetta, Lorenzo, Gompelmann, Daniela, van der 
Heijden, Erik H.F.M. orcid iconORCID: 0000-0003-3596-518X, Hiddinga, 
Birgitta I., van Mook, Walther N.K.A. et al (2025) Development and 
validation of two bronchoscopy knowledge assessments. Respiration. ISSN 
0025-7931 

Creators Gerretsen, Eveline C.F., Popeijus, Herman E., Annema, Jouke T., 
Clementsen, Paul F., Corbetta, Lorenzo, Gompelmann, Daniela, van der 
Heijden, Erik H.F.M., Hiddinga, Birgitta I., van Mook, Walther N.K.A., 
Munavvar, Mohammed, Smeenk, Frank W.J.M. and Groenier, Marleen

It is advisable to refer to the publisher’s version if you intend to cite from the work. 
https://doi.org/10.1159/000546873

For information about Research at UCLan please go to http://www.uclan.ac.uk/research/ 

All outputs in CLoK are protected by Intellectual Property Rights law, including Copyright law.  
Copyright, IPR and Moral Rights for the works on this site are retained by the individual authors 
and/or other copyright owners. Terms and conditions for use of this material are defined in the 
http://clok.uclan.ac.uk/policies/

http://www.uclan.ac.uk/research/
http://clok.uclan.ac.uk/policies/


 

1 
 

 
 

 
 
 
Respiration , DOI: 10.1159/000546873 
Received: March 21, 2025 
Accepted: June 4, 2025 
Published online: June 12, 2025 
 
 

Development and validation of two bronchoscopy knowledge 
assessments 
Gerretsen ECF,  Popeijus HE,  Annema JT,  Clementsen PF,  Corbetta L,  
Gompelmann D,  van der Heijden EHFM,  Hiddinga BI,  van Mook WNKA,  
Munavvar M,  Smeenk FWJM,  Groenier M 
 
 
ISSN: 0025-7931 (Print), eISSN: 1423-0356 (Online) 
https://www.karger.com/RES 
Respiration 
 
 
Disclaimer: 
Accepted, unedited article not yet assigned to an issue. The statements, opinions and data contained 
in this publication are solely those of the individual authors and contributors and not of the publisher 
and the editor(s). The publisher and the editor(s) disclaim responsibility for any injury to persons or 
property resulting from any ideas, methods, instructions or products referred to the content. 
 
Copyright: 
This article is licensed under the Creative Commons Attribution 4.0 International License (CC BY) 
(https://karger.com/Services/OpenAccessLicense). Usage, derivative works and distribution are 
permitted provided that proper credit is given to the author and the original publisher. 
 
© 2025 The Author(s). Published by S. Karger AG, Basel 
  

D
ow

nloaded from
 http://karger.com

/res/article-pdf/doi/10.1159/000546873/4389850/000546873.pdf by guest on 16 June 2025



 

2 
 

Research Article 
Development and validation of two bronchoscopy knowledge assessments 
Eveline C F Gerretsena, Herman E Popeijusb, Jouke T  Annemac, Paul F Clementsend, Lorenzo 
Corbettae, Daniela Gompelmannf, Erik H F M van der Heijdeng, Birgitta I Hiddingah, Walther N K A van 
Mooki,j,k, Mohammed Munavvarl,m, Frank W J M Smeenkk,n, Marleen Groeniero 

 
a Department of Educational Development and Research, School of Health Professions Education 
(SHE), Maastricht University, Maastricht, the Netherlands 
b Institute of Nutrition and Translational Research in Metabolism, Department of Nutrition and 
Movement Sciences, Faculty of Health, Medicine and Life Sciences, Maastricht University, the 
Netherlands  
c Department of Respiratory Medicine, Amsterdam University Medical Centers, University of 
Amsterdam, Amsterdam, the Netherlands 
d Copenhagen Academy for Medical Education and Simulation, Copenhagen, Denmark 
e Department of Experimental and Clinical Medicine, University of Florence, Florence, Italy 
f Division of Pulmonology, Department of Internal Medicine II, Medical University of Vienna, Vienna, 
Austria 
g Department of Respiratory Medicine, Radboudumc, Nijmegen, the Netherlands 
h Department of Pulmonary Medicine and Tuberculosis, University Medical Center Groningen, 
Groningen, the Netherlands 
i Department of Intensive Care, Maastricht University Medical Center+, Maastricht, the Netherlands 
j Academy for Postgraduate Training, Maastricht University Medical Center+, Maastricht, the 
Netherlands 
k School of Health Professions Education (SHE), Maastricht University, Maastricht, the Netherlands 
l Respiratory Medicine, Lancashire Teaching Hospitals, Preston, United Kingdom  
m University of Central Lancashire, Preston, United Kingdom 
n Department of Medical Education, Catharina Hospital, Eindhoven, the Netherlands 
o Department of Technical Medicine, University of Twente, Enschede, the Netherlands 
Short Title: Bronchoscopy knowledge assessment: development and validation 
Corresponding Author: 
Eveline Gerretsen 
e.gerretsen@maastrichtuniversity.nl 
 
Keywords: bronchoscopy; knowledge; assessment; development; validation 
 
Word count: 3749 words

D
ow

nloaded from
 http://karger.com

/res/article-pdf/doi/10.1159/000546873/4389850/000546873.pdf by guest on 16 June 2025



 

3 
 

Abstract 
Introduction: Simulation-based training (SBT) is a key method for teaching bronchoscopy skills to 
pulmonology residents. A theoretical foundation can enhance SBT efficiency. This study developed 
and evaluated the validity of an anatomy and theoretical bronchoscopy exam using Kane’s validity 
framework.  
Methods: 19 anatomy and 58 theoretical exam questions, developed by pulmonology experts, were 
assessed through two Delphi rounds. Both exams were then taken by 53 prepared pulmonology 
residents. The theoretical exam was also taken by three unprepared groups: novices, intermediates 
and experts. Using the residents’ data, scoring evidence for the theoretical exam was evaluated using 
item difficulty and item discrimination indices, and generalization evidence was assessed using 
Cronbach’s alpha. Extrapolation evidence was obtained by comparing theoretical exam scores across 
the different groups. Implications evidence for both exams was gathered by evaluating residents’ 
preparedness, based on exam performance and instructor feedback. 
Results: The Delphi procedure resulted in 19 anatomy and 31 theoretical questions. Item difficulty 
values predominantly ranged from 0.85-1.0, item discrimination indices mostly ranged from 0.0-0.25. 
Cronbach’s alpha was 0.55. While scores appeared to correlate with experience, no significant 
differences were observed between the four groups. Most residents passed both exams on their first 
attempt, and instructors rated their anatomical knowledge as good.  
Conclusion: Expert involvement and acceptable item difficulty, item discrimination and internal 
consistency supported the exams’ validity. The exams also effectively motivated residents to prepare 
for SBT. These findings highlight the value of pre-SBT exams in enhancing residents' preparation, 
allowing more time to focus on mastering procedural skills. 
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Introduction 
Over the past two decades, simulation-based training has increasingly been employed to teach 
flexible bronchoscopy skills to pulmonology trainees [1]. This approach allows trainees to practice 
procedural skills without compromising patient safety, making it a desirable training alternative to 
the traditional apprenticeship model. However, while simulation-based training is effective for 
developing practical skills, it does not provide trainees with a comprehensive understanding of 
knowledge such as topical anesthesia, sedation, anatomy, complications and (contra-)indications for 
the procedure. Recognizing this limitation, pulmonology educators have emphasized that a 
theoretical stage in bronchoscopy training should precede simulation-based training [2]. Pre-existing 
knowledge in general, and especially anatomical knowledge of the bronchial tree, can potentially 
enhance the efficiency of simulation-based training by reducing the time spent on theoretical 
instruction and explanation of anatomy, allowing trainees to focus more effectively on mastering 
procedural skills.  
 
Basic knowledge relevant for bronchoscopy training is typically assessed through written 
examinations. Despite the recognized importance of these assessments, few validation studies have 
been conducted on theoretical bronchoscopy exams [3-5]. Moreover, these studies have significant 
limitations: one, conducted 16 years ago [3], may no longer fully reflect current clinical practices, 
while the others provided limited validity evidence, relying solely on expert consensus for item 
development [4], and another conducted item analysis on a sample of only seven participants [5]. 
These limitations highlight the need for a more rigorous validation process of knowledge 
assessments. In assessment, validity is not simply about whether a test accurately measures a 
specific construct, but rather about the strength of the evidence supporting the interpretations and 
uses of exam scores [6]. Comprehensive validity assessment requires triangulating evidence from 
several sources [7].  In this study, we will use Kane’s validity framework, which emphasizes that 
validity is a chain of inferences, each requiring evidence to be collected [6]. These inferences include 
scoring, referring to the appropriateness of scoring criteria, generalization, concerning the 
generalizability of the test scores to the broader domain, extrapolation, concerning the meaning of 
the test score for real-life performance and implications, concerning the use of the test scores to 
make decisions about learners [8].  
 
In summary, there is a scarcity of validity evidence for exams assessing the knowledge required for 
bronchoscopy performance. This study examined the validity of an anatomy and a theoretical exam 
in bronchoscopy, gathering evidence for the scoring, generalization, extrapolation and implications 
inferences. As such, this study intended to provide valuable insights for future development and 
refinement of knowledge assessments for pulmonology residents. 
 
Methods 
Context 
In 2020, a mandatory simulation-based training program for novice Dutch pulmonology residents 
was introduced [9]. To ensure that residents were adequately prepared, two exams were 
implemented as prerequisites for participation in the training program. These exams were developed 
by a panel of six Dutch pulmonology experts. The first exam, hereafter referred to as the ‘anatomy 
exam’ for clarity, focused exclusively on anatomy. A 100% score was required to ensure that 
residents entering the simulation-based bronchoscopy training had adequate anatomical knowledge 
of the bronchial tree, so that no valuable training time would be wasted on explaining anatomy. The 
second exam, hereafter referred to as the ‘theoretical exam’, was based on the British Thoracic 
Society (BTS) guideline [10]. This exam evaluated broader bronchoscopy-related knowledge, 
including topical anesthesia, sedation, pre-procedure preparations, (contra-)indications for 
bronchoscopy, monitoring, complications, staff and hygiene protocols, and sampling techniques. 
Trainees were required to answer 60% of the questions correctly on the theoretical exam. Since the 
most important requirement was that residents had a solid understanding of anatomical knowledge 
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before entering the simulation-based training program, broader bronchoscopy-related knowledge 
was considered less critical for admission. These entry requirements aimed to ensure that residents 
prepared thoroughly, entering the simulation-based training with a solid knowledge base.  
 
Development of the exams 
The initial anatomy and theoretical exam, developed by the Dutch pulmonology experts, contained 
19 and 58 multiple choice questions, respectively. These questions were then reviewed by a test 
expert (HP), who identified issues related to clarity, phrasing and question structure. Questions were 
refined to ensure they were unambiguous and well-structured. Next, two Delphi rounds were 
conducted with five European pulmonology experts (PC, LC, DG, BH, MM). In each round, the experts 
rated the relevance of each question using a 5-point Likert scale and provided feedback where 
necessary. A question was considered relevant if at least four experts rated it as 4 or 5 out of 5. 
During the first Delphi round, all 19 anatomy questions and 20 theoretical questions were 
consistently rated as relevant by the experts and were directly included in the final question sets. The 
remaining 38 theoretical questions were judged by the researchers, who determined that three 
questions were ambiguous and had to be discarded. The remaining 35 theoretical questions were re-
evaluated in a second Delphi round. Following this second review, 11 additional theoretical questions 
were deemed relevant. Ultimately, this process resulted in the inclusion of 19 questions in the 
anatomy exam and 31 questions in the theoretical exam. One example question from each exam is 
provided in Online Supplementary Material 1 to illustrate the structure and content of the items. 
 
Participants and data collection  
The anatomy and theoretical exams were taken by Dutch pulmonology residents (n = 53), hereafter 
referred to as ‘residents’ for clarity, who were required to pass both before being allowed to attend 
the simulation-based training. The residents were instructed to study material related to 
bronchoscopy [10-13]. 
 
The theoretical exam was also administered to three additional groups of participants who were 
explicitly instructed not to prepare for the test: 1) medical residents without any bronchoscopy 
experience (novices; n = 15), 2) pulmonology residents who started their residency before 2020 and, 
therefore, did not have to attend the mandatory simulation-based training program and had 
performed 5–100 bronchoscopies (intermediates; n = 13) and 3) pulmonologists who had performed 
more than 500 bronchoscopies (experts; n = 14). Only the theoretical exam was administered to 
these groups, as the anatomy exam was deemed irrelevant: novices, having no anatomical 
knowledge, would achieve scores close to 0%, while those regularly performing bronchoscopies 
would be expected to score near 100%. Consequently, no additional scoring, generalization, or 
extrapolation evidence was collected for the anatomy exam, as no meaningful differences were 
expected. Instead, only implications evidence was collected for the anatomy exam. Table 1 shows 
demographics of all participant groups.  
 
Participants provided written informed consent before receiving a link to the online exam 
environment via email, which allowed them to complete the exams at their convenience. Due to 
logistical constraints, no formal testing conditions, supervision, or remote proctoring were 
implemented. Both exams were administered through the online testing platform Remindo (version 
22.5 to 24.4) and responses were collected between October 2022 and October 2024. The anatomy 
exam consisted of 19 questions, from which 10 were randomly selected for each resident. A passing 
score of 100% was required. In case of a retake, a new set of 10 questions was randomly selected 
from the original 19. The theoretical exam, which covered all 31 questions, required a passing score 
of 60%. Residents retaking the theoretical exam were presented with the same 31 questions as in 
their initial attempt. To minimize the possibility of extensive searching by the participants, the time 
to complete the exams was limited to one hour. For all other participant groups, only data from 
those completing both the anatomy and theoretical exams within this one-hour timeframe on their 
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first attempt were included in the analysis. The dataset contained no personally identifiable 
information; researchers could only access participants’ experience levels, responses to the 
questions and their final scores. This study was approved by the Ethics Committee of the University 
of Twente (approval number 210232).  
 
Scoring evidence  
To evaluate item quality of the theoretical exam, item difficulty and item discrimination were 
calculated using the data of the residents who prepared for the exam, considering only their first 
attempt. Item difficulty was determined by calculating the percentage of residents who answered 
each item correctly; a lower value may indicate a higher difficulty for that item. Item discrimination 
was analyzed by ranking residents based on their final scores. Following the methodology of similar 
studies [14,15], the resident data were divided into three groups: the 17 residents with the lowest 
scores, the 19 residents with the middle scores and the 17 residents with the highest scores. The 
discrimination index for each item was calculated as the difference in the proportion of correct 
answers between the high- and low-scoring groups, indicating how well each question differentiated 
between stronger and weaker performers. A higher discrimination index indicates that the item more 
effectively distinguishes between high- and low-performing individuals. All analyses were conducted 
in RStudio, R version 4.4.1. 
 
Generalization evidence  
Internal consistency of the theoretical exam, using the data of the residents who prepared for the 
exam and considering only their first attempt, was assessed primarily using Cronbach’s alpha, 
calculated with the Pysch package in R. Values closer to 1.0 indicate strong internal consistency, 
meaning that exam items are highly correlated and measure a similar underlying concept. However, 
in a highly homogeneous group with little variance in exam scores, internal consistency may decrease 
because the items lose their ability to differentiate between examinees, reducing the overall 
covariance between items. Therefore, alternative reliability metrics were also calculated as 
supplementary analyses: split-half reliability, using the Spearman-Brown formula, and McDonald’s 
omega total. 
 
Extrapolation evidence  
Theoretical exam scores, considering only participants’ first attempts, were compared across the four 
participant groups using the Kruskal-Wallis test in RStudio. Post-hoc pairwise comparisons were 
performed with Bonferroni adjustments to account for multiple comparisons. The effect size for the 
overall group difference was estimated using Epsilon squared (Ε2) [16]. Additionally, a Spearman’s 
rank-order correlation was performed to examine the relationship between bronchoscopy 
experience level (novice, intermediate, expert) and theoretical exam scores.  
 
Implications evidence  
The most important objective was to ensure that, before starting the simulation-based bronchoscopy 
training, residents would have acquired adequate anatomical knowledge of the bronchial tree. The 
training program began with a brief 15-minute recap of bronchial anatomy by the trainer, intended 
as a refresher rather than instruction. As residents were required to achieve a perfect score on the 
exam prior to participation, we recorded how many attempts were needed to pass the anatomy 
exam, as this may provide insight into how thoroughly residents prepared for the exam. We also 
administered a questionnaire to the instructors of the simulation-based training, asking them to 1) 
rate how well-prepared residents were on average regarding anatomical knowledge, on a Likert scale 
from 1 to 5, with higher ratings indicating greater preparedness, and 2) indicate how much additional 
time, on average, was needed to explain anatomy during the training, beyond the initial recap. This 
was rated on a scale where 1 = 0 minutes, 2 = 15 minutes, 3 = 30 minutes, 4 = 1 hour and 5 = 2 
additional hours. Furthermore, to gather evidence for the implications inference of the theoretical 
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exam, we compared the proportion of residents who prepared for the exam and passed on their first 
attempt with the proportions of the participants in the other unprepared groups.   
 
 
 
Results 
Scoring evidence 
Based on the data of the residents who prepared for the exam (n = 53), item difficulty values for the 
theoretical exam varied from 0.3 to 1.0, with a notable peak in the 0.85-1.0 range, shown in Fig. 1). 
The item discrimination indices ranged from -0.23 to 0.59, with the distribution peaking in the 0.0 – 
0.25 range (shown in Fig. 2).  
 
Generalization evidence 
The internal consistency of the theoretical exam, assessed using Cronbach’s alpha of the data of the 
residents who prepared for the exam, was 0.55. Supplementary analyses showed a Spearman-Brown 
corrected split-half reliability of 0.61 and McDonald’s omega total of 0.76. 
 
Extrapolation evidence 
A comparison of performance on the theoretical exam across the four participant groups revealed a 
significant difference (Kruskal-Wallis H(3) = 51.95, p < 0.001, ε2 = 0.54). Post hoc pairwise 
comparisons with Bonferroni correction showed that residents scored significantly higher than 
novices (Z = -6.04, p < 0.001), intermediates (Z = -4.31, p < 0.001) and experts (Z = -4.11, p < 0.001). 
Median scores and interquartile ranges for each group (maximum score = 31) are shown in Figure 3. 
Although experts scored slightly higher than intermediates (Z = -0.26, adjusted p = 1.000) and 
intermediates scored higher than novices (Z = -1.14, adjusted p = 1.000), these differences were not 
statistically significant. The same was true for the comparison between novices and experts (Z = -
1.42, adjusted p = 0.93).  However, a Spearman’s rank-order correlation revealed a statistically 
significant positive association between the level of bronchoscopy experience and theoretical exam 
scores (ρ = 0.49, p = 0.001). 
 
Implications evidence 
37 residents (69.8%) passed the anatomy exam at their first attempt, 13 (24.5%) passed the exam at 
their second attempt and three (5.7%) passed the exam at their third attempt. Regarding the 
questionnaire, ten instructors (83.3%) responded. Nine instructors rated the residents’ preparedness 
for the simulation-based training in terms of anatomical knowledge as 4 out of 5 and one instructor 
rated their preparedness as 5 out of 5. As one instructor spontaneously added: “I found most 
candidates to be very well-prepared and highly motivated to follow the training program”. Most 
instructors (n = 5) required on average per training session an additional 15 minutes to explain 
anatomy, while two needed no additional time, one required 30 minutes, and two required 1 hour. 
Table 2 shows failure rates for the theoretical exam across the different groups. Residents had a 
lower failure rate on the theoretical exam (1.8%, 95% CI: 0.3-9.9%) compared to the unprepared 
participants (64.3%, 95% CI: 49.2-77.0%). When broken down by subgroup, failure rates were highest 
among novices (86.7%, 95% CI: 62.1-96.3%), followed by intermediates (69.2%, 95% CI: 42.4-87.3%) 
and experts (35.7%, 95% CI: 16.3-61.2%). 
 
Discussion 
This study explored the validity of an anatomy and a theoretical bronchoscopy exam. Kane’s validity 
framework was used as a guiding structure for evaluating the validity of the exams, and multiple 
sources of evidence were gathered to assess their validity. The scoring inference for both exams was 
supported by the expert-driven development of questions and their refinement by a test expert. For 
the theoretical exam, this inference was further supported by the observed item difficulty and item 
discrimination indices. Evidence relevant to the generalization inference of the theoretical exam was 
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provided by a Cronbach’s alpha of 0.55. The extrapolation inference for both exams was supported 
by the Delphi process, in which a panel of international experts assessed question relevance. 
Additionally, evidence for this inference for the theoretical exam was provided by comparing test 
performance across different participant groups. Finally, regarding the implications inference, the 
results suggested that both exams effectively contributed to residents’ preparedness for simulation-
based training. This was evidenced by the high pass rates, with the vast majority of residents passing 
the anatomy exam on their first attempt and almost all passing the theoretical exam on their first 
attempt, in contrast to the higher failure rates for the theoretical exam observed in the other 
unprepared groups. Additionally, instructors rated the residents’ anatomical knowledge as generally 
good at the start of the training, with most requiring only a small amount of time during the 
simulation-based training to explain anatomy.  
 
A large proportion of items in the theoretical exam had low discrimination indices, with 19 questions 
scoring below 0.2. While previous studies on the development of theoretical tests in the field of 
surgical endoscopy and endosonography [17-18] consistently excluded such questions, we do not 
regard low item discrimination indices as problematic in our study. Given that nearly all residents 
passed, it is expected that the questions would not differentiate well between high- and low-
performing individuals. This exam was designed to ensure that residents would have adequate 
(especially anatomy) knowledge before beginning simulation-based bronchoscopy training, rather 
than to differentiate between varying performance levels on a theoretical exam. This is also reflected 
in the higher item difficulties in our study (i.e., questions were relatively easy, with the majority of 
questions having item difficulties between 0.85 and 1.0), whereas in the other studies [17-18], most 
questions fell within the middle difficulty range (i.e., item difficulty between 0.45 and 0.75). The 
observed difficulty levels reflect both the nature of the examinee population (a highly selected and 
motivated group of residents specializing further) and the exam’s intent to assess essential 
knowledge rather than differentiate performance levels. Given these factors, the combination of 
expert-driven question development, item difficulty, and discrimination values provides strong 
support for the validity of the scoring inference. 
 
One important aspect of exam quality is whether the items collectively measure the intended 
construct, which in this study was assessed using Cronbach’s alpha. The Cronbach’s alpha value for 
the theoretical exam was 0.55, somewhat below the commonly accepted threshold of 0.7 [19] and 
lower than the values reported in the other two above-mentioned studies (i.e., 0.75 and 0.91). While 
a Cronbach’s alpha of 0.55 is typically considered ‘poor’, this was expected given the small number of 
questions in the exam [20,21], making it an acceptable value of internal consistency for such a short 
exam. Increasing the number of questions might improve internal consistency and strengthen the 
generalization inference. However, expanding the question set was not feasible due to the limited 
scope of the subject matter and the risk of excessive repetition. Notably, when combining data from 
all participant groups, Cronbach’s alpha increased to 0.86, indicating strong internal consistency 
when applied to a more heterogeneous population. When examining groups separately, Cronbach’s 
alpha was 0.80 for the novices, 0.72 for the intermediates and 0.68 for the experts. These findings 
align with expectations, as participants in these groups had not studied the specific exam material, 
resulting in greater score variance and consequently, higher internal consistency. Additionally, 
McDonald’s omega total (0.76) and the Spearman-Brown corrected split-half reliability (0.61) suggest 
a moderate internal consistency, supporting the interpretation that the exam items measured the 
intended construct. 
 
Although the scores for the theoretical exam slightly improved from novices to intermediates and 
experts, no significant differences in test performance were observed between these groups. This 
lack of significance is most likely due to the small group sizes, rather than the absence of differences. 
Additionally, somewhat surprisingly, 36% of experts failed the exam. However, this outcome is 
unlikely due to test content irrelevance, as the exam was developed by experts and questions 
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underwent relevance assessment by the international panel. Instead, this finding might be due to 
different practices across centers, where experts might be adhering to local protocols rather than the 
BTS guideline. This discrepancy highlights the limitation of relying on experts making a test as a 
source of validity evidence in these circumstances. Nevertheless, the observed performance 
differences between the participant groups, despite the small sample sizes, provide some support for 
the extrapolation inference, as the findings suggest that test scores reflect underlying differences in 
bronchoscopy-related knowledge.  
 
The implications inference is considered the most critical [6], as it evaluates whether the exams 
achieved their intended purpose of ensuring that residents where adequately prepared for 
simulation-based training. The high pass rates for the theoretical and anatomy exam suggest that the 
requirement to pass the exams motivated residents to prepare. Additionally, instructor feedback 
indicated that residents generally had sufficient anatomical knowledge at the start of the training, 
and little training time was spent on anatomy instruction. However, since there was no control group 
of residents who did not make the exam but still participated in the training program, it remains 
uncertain to what extent the anatomy exam itself contributed to the residents’ preparedness. 
Therefore, while these findings provide some support for the implications inference, the strength of 
the evidence remains somewhat limited.  
 
Strengths and limitations 
We believe this study has several strengths. First, the exams were thoroughly developed by Dutch 
pulmonology experts and refined through input from five international experts and one test expert. 
This ensured a high level of consensus regarding question relevance and clarity. Item discrimination 
and item difficulty values further supported the strength of the scoring inference. Second, the 
theoretical exam successfully differentiated between participants who prepared for the exam and 
those who did not, demonstrating its sensitivity to the knowledge acquisition through preparation 
materials. Third, while no significant differences were observed between novices, intermediates, and 
experts, a separate Spearman’s correlation analysis demonstrated a significant positive relationship 
between level of expertise and theoretical exam scores (Spearman’s ρ = 0.49, p = 0.001), providing 
some support for the generalization inference. Finally, the high pass rate among pulmonology 
residents demonstrates that the exam achieved its primary purpose: ensuring participants met the 
minimum knowledge requirements necessary for participation in the practical simulation-based 
training.  
 
Despite these strengths, this study also has limitations. First, the theoretical exam included a limited 
number of questions, which may have limited its internal consistency, consequently limiting the 
strength of the generalization inference. Second, the evidence for the implications inference for the 
anatomy exam in this study was also somewhat weak due to the lack of a control group. Future 
studies could benefit from incorporating designs that allow for stronger inferences regarding the 
impact of examination of anatomical knowledge on residents' preparedness during simulation-based 
training. Third, while ideal testing conditions would have included proctoring, logistical constraints 
precluded remote supervision of the online exams. Consequently, this absence of controlled testing 
conditions might have led to an overestimation of anatomical and theoretical knowledge if 
participants actually used external resources, such as the internet, during the exam. Finally, the strict 
adherence to the BTS guideline in designing the exam may have reduced its alignment with Dutch 
clinical practice, potentially impacting the performance of experts who may be familiar with other 
treatment protocols used in their own hospitals. To improve alignment with actual clinical practice, 
locally used guidelines should be taken into account when developing future versions of the exam, 
rather than relying solely on international standards. 
 
Conclusion 
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This study evaluated the effectiveness of an anatomy and a theoretical exam in ensuring 
pulmonology residents’ readiness for simulation-based training and evaluated their validity using 
Kane’s framework. The validity of the exams was supported by expert involvement in both their 
design and refinement, combined with acceptable item difficulty, item discrimination indices and 
internal consistency.  The findings suggest that the exams effectively motivated residents to prepare 
thoroughly, contributing to their acquisition of adequate anatomical knowledge prior to entering the 
simulation-based bronchoscopy training. These results highlight the value of using exams as entry 
requirements for simulation-based training, as they enhance residents' preparation, potentially 
allowing for more time to focus on mastering procedural skills.  
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Figure Legends 
Fig. 1. Distribution of item difficulty indices for the theoretical exam (a higher score indicating an ‘easier’ 
question), based on the exam results of the residents (n = 53). The Y-axis represents the number of questions.  
 
Fig. 2. Distribution of item discrimination indices for the theoretical exam (with a higher index indicating a better 
discrimination ability between ‘high’ and ‘low’ performing participants), based on the exam results of the 
residents (n = 53). The Y-axis represents the number of questions. 
 
Fig. 3.  Comparison of final scores for the theoretical exam between novices, intermediates, experts and 
residents (max = 31). 
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Table 1. Participant demographics 

Group N Age (mean±SD) N male (%) N female (%) 

Novices* 15 28.0 (±3.1) 6 (40) 9 (60) 

Intermediates** 13 31.2 (±3.4) 6 (46) 7 (54) 

Experts*** 14 42.3 (±8.2) 8 (57) 6 (43) 

Residents**** 53 30.9 (±2.9) 18 (34) 35 (66) 

* = non-pulmonology residents without any bronchoscopy experience, ** = pulmonology residents who started 

their residency before 2020, had performed 5–100 bronchoscopies, and did not have to attend the mandatory 

simulation-based training program, *** = pulmonologists who had performed more than 500 bronchoscopies, **** 

= pulmonology residents who had to attend the mandatory simulation-based training program and were required 

to pass both the anatomy and theoretical exam. 
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Table 2. Theoretical exam failure rates per group 

Group Failed (N, %) 

Novice 13 (86.7%) 

Intermediate 9 (69.2%) 

Expert 5 (35.7%) 

Resident 1(1.9%) 
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