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Abstract

Objective: The experience in the operating room (OR) is considered as a crucial element
affecting medical students’ satisfaction with workplace-based training in surgery. We
developed the “Students’ Perception of the Operating Room Educational Environment
Measure” (SPOREEM) and applied the approach of Item Response Theory (IRT) to improve

accuracy of its measurement.

Design: Psychometric analysis determined the factorial structure. Using IRT, item thresholds
were calculated on response option levels. Sum scores in the factors were then computed using

calibrated unit weights.

Setting: One hundred medical students from the University Medical Center in Goettingen,

Germany, enrolled in a one-week surgery rotation completed the SPOREEM.

Results: The final 19-item questionnaire resulted in three factors: "Learning support and
inclusion” (1), "Workplace atmosphere” (2) and "Experience of emotional stress™ (3). Item
calibration resulted in refinement of sum scores in the factors. Male students significantly rated
factor 1 more positively. Factor 2 was perceived to a similar degree in all three surgical
disciplines involved. Factor 3 was rated lower by those students planning a surgical field of

postgraduate training.

Conclusions: We developed a valid, reliable, and feasible tool to assess the overall educational

climate of undergraduate training in the OR. Calibration of items refined the measurement.

Keywords: Educational climate, operating room; undergraduate training, questionnaire,

psychometric evaluation, item calibration
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Introduction

The number of medical students interested in pursuing a career in surgery continues to decline
13, Research has also demonstrated that prestige and salary do not compensate for an
unfavorable learning environment and challenging working hours # °. This trend has evoked
international research to identify factors influencing the intention ® of students to choose surgery
as a career option. Not surprisingly, early exposure to surgery in a positive learning
environment can contribute to increasing students’ interest. Their personal experiences
including the perception of the educational climate in the operating room (OR) are of major
importance " 8. The development of comfort and confidence in assisting in surgical procedures,
the provision of positive role models, as well as mentors in surgery may foster positive
experiences and ultimately lead to more favorable consideration of a surgical career &1°,

Initial experience with the OR takes place in medical school, and some reports suggest that the
training experience tends to be unpleasant. Since several studies concluded that students’
satisfaction and academic success irrefutably depend on the surgeon as a person, teacher, and
instructor * 12 this may be considered as one starting point for intervention ** . Which factors
exactly make the difference between a pleasant and unpleasant experience have not yet been
fully understood °.

To identify contributing factors at an early stage, research considers measurement of the
educational environment as a starting point. The educational climate is a widely used
conceptual term and is known to be influenced by learning activities and facets of education 4.
Questionnaires and surveys ° are used throughout medical education '* %6 and a number of
questionnaires have been developed for the measurement of the educational environment (Table
1). Clinical workplace-based training is considered as a core activity in medical education
and thus some questionnaires address this specific learning environment. To measure variables
contributing to the atmosphere in the OR and beneficial involvement during procedures 8,
questionnaires for this specific learning environment and the acquisition of surgical skills have
also been developed and tested. However, they mainly focus on the perception of postgraduate
trainees or advanced students who also perform surgical procedures themselves (rather than
observation or simple assistance). In other words, most assessments in the OR focus on medical
students who have completed some surgical training already, not novices with only minimal
information on this career choice. These investigations thus rely perhaps on other sources of

information instead (such as stereotypes, perceived dominant career choices for men and



women in disciplines, as well as impressions gleaned before and during their medical degrees

regarding the career paths open to them).

Table 1

Although psychometric information may be useful to researchers and practitioners, measuring
psychological attributes such as perceptions of a phenomenon or climate among individuals
remains a difficult task. This in part results from the statistical procedures implemented in the
creation of these measures, some of which assume stability in behavior, adherence to standards,
great insight and self-knowledge in support of accurate reporting, and identical interpretation
of response options among participants. These assumptions are prominent in many ways. For
example, Classical Test Theory (CTT) mostly relies on the assumption of a continuous data set
and on a normal distribution of data. CTT is useful when investigating the relationship between
items and total scale scores. In addition, CTT uses ordered items to sum scores. CTT is therefore
limited, as the calculated factors may provide confounded or even distorted information on the
underlying item response patterns. As such, the usefulness of the instruments (MINI-)STEEM
and OREEM has been questioned as they systematically overestimate the quality of the
educational environment due to the item scoring practices caused by CTT. 18 The 1-to-L coding
(L indicates the number of points in the L-point Likert scale) resulted in inaccurate (higher)
percentage calculations of up to 20%. In contrast, the DREEM, PHEEM and ATEEM used 0-
based Likert scales and may be considered as a better standard.

While not all assumptions and issues associated with CTT can be fixed, one particular can be
addressed at present — the assumption that every item contributes to the scale in the same way.
Statistically, CTT and the corresponding unit weights imply that every item is equally easy or
hard, respectively, to endorse. All aforementioned questionnaires were based on classic unit
weights 1°, whereas an Item Response Theory (IRT) approach allows for differential item

weights 2923,

The present study aimed to achieve three goals:

Firstly, the goal was to provide an overview regarding the development, psychometric
evaluation, and validation of a new questionnaire designed to assess the students’ perception of
the educational environment in the OR.

Secondly, we introduced IRT as a method to determine the weight of each item. Triggered by
Dimoliate and Jelastopulu (2013), the question as to whether the atmosphere of the OR could

be adequately measured without determining the thresholds of items was tackled. By using the



item location to determine its difficulty of endorsement, the extent with which each item
contributes to the total scale score was determined.

And finally, differences between the results (sum scores in the factors) employing unit weights
and calibrated weights were analyzed in relation to students’ characteristics and specifications

such as gender, location of training, and planned field of postgraduate training.

Our work therefore addresses the research gap as to how to measure students’ perception of the
educational environment in the OR accurately.

Material and methods

Instrument development

We developed a German-language questionnaire based on the STEEM 2* and adapted it to the
specific experiences of medical students, who were expected to fulfil the role of observer whilst
acting as second or third assistants in the OR. Figure 1 summarizes the six-step approach that
resulted in the original long version of the SPOREEM questionnaire, which featured 29 items
(step 5). The final version included 19 items following the removal of problematic items (step
6).

Figure 1

Ethics and data protection

The proposal for this study was evaluated by the local ethics review board. It was their
assessment that the study did not qualify as biomedical or epidemiological research and the data
were retrieved anonymously using the EvaSys® platform (Lueneburg, Germany). The data were
collected with the consent of the medical students. No personal information other than gender
and age were collected from all participants. A student’s decision to participate or not, as well
as the results of the questionnaire had no consequences for students’ academic progress. Data

were processed and stored in accordance with the local data protection laws.

Data collection

Data collection took place at the University Medical Center in Goettingen, Germany. This
institution offers a six-year curriculum comprising two pre-clinical and three clinical years of
study followed by a practical year. The 29-item questionnaire was administered to fourth year
medical students participating in the obligatory one-week rotation in surgery in three disciplines
(Departments of General- and Visceral Surgery, Trauma Surgery, or Thoracic and



Cardiovascular Surgery). As part of the longitudinal training, various clinical rotations of one
week in duration are specified in the German Licensing Regulations for Physicians
(Approbationsordnung fiir Aerzte). They are usually integrated into the curriculum during years
4 and 5 of the degree course The one-week rotation in surgery is preceded by a number of
preparatory courses and other sessions teaching practical skills in surgery. In general, students
are already acclimatized to the sterile working environment and specific behavior necessary in
the operating room in earlier stages of their degree course. Thus, students are able to focus on
the aspects of the context-based learning such as the observation of specific surgical procedures
and working in a team.

The university’s evaluation guidelines require the assessment of all compulsory courses. In
order to comply with data protection regulations, these were renamed discipline 1-3 in this
study, not corresponding to the aforementioned order. Data were collected between February
and April in 2016 (end of winter term). Forced-response options were gradually scored on a
five-point Likert scale comprising “do not agree at all” (1), “do not agree” (2), “neither agree
nor disagree” (3), “agree” (4) and “totally agree” (5).

Demographic information included age and gender. Experience and career choice were also
control variables. As such, participants were asked whether they had already pursued a non-
academic apprenticeship in any field in medicine and in which field they envisaged performing

postgraduate training.

Statistical analysis

The calculations and statistical procedures followed the recommendations of the World Health
Organization 2° and the guidelines released by the International Test Commission 6. Analysis
was conducted using IBM SPSS version 23 27 and the R % package “extended Rasch modelling”
29, Statistical analysis comprised three main components: Descriptive analysis and inferential
analysis constituted by a CTT and then an IRT approach. At the end of this process, the
researchers compared the results generated by CTT and IRT. Figure 2 provides an overview of

the individual statistical steps.

Figure 2

Descriptive analysis
Descriptive information included item mean (M), minimum (Min), and maximum (Max),
standard deviation (SD), and skewness (Skew) on item level. Skewness between -2 to 2

indicated that data were roughly symmetrical *°. To ensure maximum transparency of statistical



results and their interpretation 3!, degrees of freedom (df) were reported for the y>-test, the F-

test in case of the analysis of variance (ANOVA), and the t-test 2.

CTT
Psychometric properties were evaluated conducting a maximum likelihood exploratory factor
analysis (EFA) . Bartlett’s test of sphericity and the Kaiser-Meyer-Olkin coefficient (KMO-
coefficient) were used to evaluate whether data could be subject to EFA. The KMO-coefficient
tests whether there is shared variance among the items. Bartlett’s test of sphericity tests the null
hypothesis that items are not correlated .
The factor solution had to meet the following criteria:

e Bartlett’s test of sphericity (p< 0.05)

e KMO-coefficient > 0.50

e Eigenvalues of factors >1

e Factor loadings > 0.30 and no double loadings

e communalities > 40 %,
Internal consistency was assessed by computing Cronbach’s alpha values (o). Values exceeding
0.7 were considered as acceptable and those greater than 0.8 as good 3¢. Based on the EFA,

scale scores applying unit weights were calculated.

IRT

The Partial Credit Model (PCM) 2° was used for the calibration of items by IRT modelling. A
probabilistic approach for calibration of tests is considered empirically superior to a classical
test theoretical approach 37-%°, Since items were measured using a 5-point Likert-scale, the PCM
seemed most appropriate. Unlike stricter probabilistic models such as the Rating Scale Model,
the PCM does not require equally distant threshold levels across all items %°, sometimes also
referred to as equidistance between response options #1. As all other probabilistic models, the
PCM uses log linear transformation for computation of item-difficulty, turning the ordinal
Likert-scale measurement into an interval measurement. Having established measurement on
interval level, item difficulty can be investigated for every response option, which allows
refinement of the response options as well. Applying this approach, items were made scalable,
which is considered the fourth essential test criterion beside reliability, validity, and objectivity
37_ Fit statistics were investigated using the Anderson likelihood ratio test, Wald test, Person —
and Item fit. Refined scale scores were derived in order to improve the accuracy of

measurement. Subsequently, we decided to scrutinize the response options of our questionnaire



and focused on the analysis of thresholds. Thresholds represent the likelihood of a person
choosing an adjacent category #2. In case the thresholds followed an ascending order %3, the
mean item location was used for item calibration. In case of disorder, such as the thresholds not
following a continuous rise from left (strongly disagree) to right (strongly agree), response
categories were collapsed.

The location was calculated as the mean of all item thresholds (bi-4) or the reduced number of
collapsed thresholds, divided by the difference of each threshold from the mean 4. Items were
then multiplied by the item location. To support a visual comparison, calibrated data were
transformed linearly by adding the value “3”. Since calibrated data are metric through log linear

transformation, this is considered a legitimate mathematical operation >4/,

Comparison of results
Exploring the group differences calculated by CTT or IRT, we proceeded with the comparison

of scale scores based on unit weights und calibrated weights.

Results

The potential sample included 143 students registered to participate in the practical training
week. One hundred (70%) actually completed the questionnaire. Out of the participants, 62%
were female. With respect to the placement of the rotation, 44% of the participants were in
surgical discipline 1, 31% in surgical discipline 2, and the final 25% in surgical discipline 3.

Altogether, 31% were planning their advanced training in a surgical field.

Descriptive statistics of the questionnaire items

Table 2 summarizes the descriptive statistics of the long 29-item SPOREEM questionnaire. The
item mean ranged between 1.88 and 4.06. Participants used the entire response range for 27 out
of 29 items. Data were slightly skewed (-0.91 to 1.14), but the skew was within the normal
distribution range (+2.00) “. In total, 13 out of 29 items were positively skewed, indicating

agreement; while the remaining 16 items were negatively skewed, indicating disagreement.
Table 2
Assessing dimensionality by EFA

The KMO-coefficient measure of sampling adequacy for the long 29-item version of the
SPOREEM questionnaire was very good (0.88), Bartlett's test of sphericity was significant (i



= 1330.47, df = 406, p < 0.001). Three main factors were identified that explained 54% of
variance (A1 = 38.17%; A2 = 9.80; A3 =5.82%). According to the quality criteria of factor
solutions, 10 items had to be eliminated. All further statistical analyses were continued with

this short version as the 19-item final inventory.

CTT

Table 3 summarizes the factors and item loadings for the final 19-item SPOREEM. The three
latent factors that emerged reflected three dimensions of the educational climate perceived by
medical students: factor 1 = "Learning support and inclusion” (9 items, 0a=0.91), factor 2 =
"Workplace atmosphere” (5 items, 0=0.87) and factor 3 = "Experience of emotional stress" (5
items, a=0.82). The internal consistency of the three factors was considered good.
Communalities ranged from 0.34 to 0.79. Of note, all items with communalities <0.60 were

reversed coded 4% °°,

Table 3

IRT

Having finalized the composition of the measure and tested it for factorial validity, the next
step was to calibrate the items with IRT modelling. Hence, the item thresholds were calculated
on response option levels (Table 4). For 12 items, thresholds rose continuously from left
(strongly disagree) to right (strongly agree) and were consistent. For seven items (1, 4, 8, 9, 14,
19, 20), we noticed a disorder of the thresholds. By determining the thresholds with the PCM,
we were able to scrutinize those response options that needed to be collapsed in order to
measure the underlying construct correctly. 431, As a result, three new response options were
created, “strongly disagree” and ‘“disagree” were merged into ‘“disagree”, “neither nor”
remained unchanged and “agree” as well as “strongly agree” were combined into the single
category “agree”. We have provided the refined SPOREEM questionnaire in its final layout

and ready to be used in the quality assurance of short-term surgical training periods (Table 5).

Table 4
Table 5

Comparison of the two test theoretical approaches
Sum scores in the factors were either computed using unit weights (CTT) or item calibration

(IRT). The results indicated significant differences in three factors: “Learning support and



inclusion” stratified by “Gender” (calibrated: p<0.05), the “Workplace atmosphere” stratified
by “Placement of training” (unit: p<0.05), and “Experience of emotional stress” stratified by
“Planned field of advanced training” (calibrated: p<0.001). In more detail, male students
significantly rated the scale “Learning support and inclusion” more positively (Figure 3A).
“Workplace atmosphere” was perceived to a similar degree in all three surgical disciplines
involved (Figure 3B). “Experience of emotional stress” was lower for those students planning

a surgical field of postgraduate training (Figure 3C).

Figure 3

Discussion

Three main steps were conducted to develop this questionnaire for measuring the learning
environment in the OR as perceived by undergraduate students. The SPOREEM may raise
medical students’ awareness of their own role and that of their instructors (such as surgeons).

The discussion will outline the importance and practical implications of our results.

(1) The SPOREEM as a means to assess the educational environment

We demonstrated that the SPOREEM is a reliable, valid, and feasible tool for measuring the
educational environment, represented by three factors contributing to the overall climate in the
OR. Roff and McAleer (2001)%? suggested that the educational climate is influenced by any
kind of activity that includes learning and education. Meyer added that transparent behavioral
rules, shared responsibility, fairness, and taking care of each other are fundamental to a positive
and learner-oriented climate 3. As a sign of the content validity, most of these aspects were
well represented in the SPOREEM and the questionnaire covered the different facets of the

educational environment in the OR.

(2) Practical contribution of the new measure

Our findings with respect to the three factors identified, contributing well to a beneficial
educational climate, support the findings of a recent review, in which the attributes for the
description of a successful surgical trainer > were compiled. Dean et al. gathered themes such
as “"character” (approachability, patience, enthusiasm, encouraging/supportiveness),
"procedural” (willingness to let trainee operate, balance between supervision and
independence), "teamwork and communication” (sets educational aims and objectives, ability
to use appropriate feedback, communication skills, and time availability to train).



Interaction between staff and students, including the opportunity to ask questions and getting
answers or receiving feedback ® ', were also covered by the SPOREEM. In line with the
workgroup of Strand 17, emotional and social dimensions of the educational climate were also
addressed. Of note, we also took into consideration that the clinical workplace environment,
especially in the OR, was also a source of negative feelings (e.g. “l only go to the OR if | have
to”) for students 7.

The SPOREEM may help to give students encouraging messages about the value of attending
the OR. Moreover, it provides feedback to surgeons and members of other professions, all of
them aiming to reflect and improve integration of students during procedures. With respect to
train-the-trainer courses *°, the new measure may support training delivery evaluations and
prompt surgeons as well as students to adopt more effective learning and teaching strategies in
the OR and reduce stressful situations in particular %57,

Finally, SPOREEM was developed as a basic tool to support curriculum planners with
comparing the quality of different teaching units (departments) and to deduce any necessary
changes in the OR training aspect of the surgical undergraduate curriculum. This aligns with
several authors ® %80 \who point out that faculty development strategies including
lecturers/instructors should be an ongoing task to maintain a high quality of teaching and

education.

(3) Evaluation results and change in sum scores

Had we solely employed CTT, we would have missed on the important discrepancy for
“Learning support and inclusion” in relation to gender. The same is true for the field of “Planned
advanced surgical training”. Students experienced less emotional stress if they were planning
their advanced training in a surgical discipline. Since negative strategies of coping with stress
are not only a danger to mental health but also performance 8, psychological coaching may be

required to identify positive strategies 62 2,

Limitations and future perspectives

One main problem of the study is the small sample size restricted to undergraduate students in
one semester. Performed at a medical school in Germany, further studies at other universities
and with different student cohorts (e.g. final year medical students) will be required to advance
the validation of the SPOREEM. Moreover, the questionnaire might not have captured all
aspects, owing to the specific students’ role as assisting in the OR and the cultural context of a
German medical school. Additional qualitative data, which focus on students’ views, may help

to broaden the scope of the measure. % %, Varying opportunities to engage students actively in



workplace-based training may be addressed in future research by additionally inquiring into
duration of placement, type of participation in the OR, or relative teaching practices . In
particular, we may have to investigate whether there is any difference in perception when
students spend a week or longer on the rotation. Similarly, one could also explore whether skills
required for the rotation or the degree of difficulty are of importance to the student’s perception
of her/his educational environment.

The statistical approach to develop and optimize the questionnaire was sophisticated and
required an expert in test analysis. Following development and refinement of the questionnaire,
the final instrument as a product serving quality assurance may prove to be a valid tool in the
assessment of surgical training. For future application of the SPOREEM, CTT, and descriptive
test analyses in particular should be sufficient for the basic measurement of differences in the
perceived quality of the learning climate. Beyond that, we were clearly able to demonstrate the
additional value using the calibration of items by IRT modelling. But once the code and its
syntax has been written and debugged, further data may be analyzed in one run without any
knowledge of or background in the programming language R. From another point of view,
central facilities within the office of the dean of study affairs or university departments may
provide statistical support in a number of ways (e.g. test statistics). Teachers and curriculum
developers may still implement instruments and infrastructure without necessarily being able

to calculate the results themselves.

Conclusion

The SPOREEM enables educators to measure medical students’ perceptions of the three
dimensions in the educational (training) environment in the OR: “Learning support and
inclusion”, “Workplace atmosphere” and “Experience of emotional stress”. Psychometric
properties were evaluated using state-of-the-art techniques and analysis provided strong
evidence that IRT calibration may be necessary for better assessment of latent traits. The
questionnaire represents a useful (self-)evaluation resource for medical students and teaching

staff in order to measure, evaluate, and optimize training in surgical disciplines.
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Tables and figures

Table 1: Overview of questionnaires measuring the educational environment in curricula,

workplace and in the OR

Measure 6°

Name Abbr. Target group | Specialty Origin
Educational environment (medical studies or clinical training)
Dundee Ready Educational DREEM | undergraduates | healthcare UK
Environment Measure % professions

curricula
Undergraduate Clinical UCEEM | undergraduates | clinical workplace | Sweden
Education Environment
Measure 7
Postgraduate Hospital PHEEM | postgraduates | hospital workplace | UK
Educational Environment
Measure!*
Learning environment in OR
Anaesthetic Theatre Educational | ATEEM | postgraduates | anaesthesiology UK
Environment Measure ®’
Operating Room Educational OREEM | postgraduates | surgery UK
Environment Measure ®*
Surgical competence in OR
Surgical Theatre Educational STEEM | postgraduates | surgery UK
Environment Measure
Mini-Surgical Theatre Mini- undergraduates | surgery UK
Educational Environment STEEM




1. Expert
Panel

o Review and adaptation of STEEM items to fit the specific educational setting
of undergraduates in surgery
¢ Elimination of items (not suited to the educational setting), rephrasing, and
addition of new items

2. Forward
translation

>

>

e Translation of items into German
¢ Revision of items with discrepancies

3.Back N
translation

e Back translation by a native speaker
Discussion of inconsistencies with the expert panel

4. Cognitive

>

Interviewing

>

e Cognitive debriefing with 5 final-year students
during their rotation in surgery
¢ Rewording, addition of missing aspects

5. Long
Version

>

collection)

e Completion of the 29-item long
guestionnaire and testing (data

6. Short

version

Factorial validation and
removal of problematic
items, resulting in the final
19-item SPOREEM

Figure 1: The six-step approach to develop and validate the questionnaire, resulting in the final

instrument SPOREEM




Figure 2: Schematic description of statistical analysis



Table 2 Descriptive statistics of 29-item long version of SPOREEM

Wording of the item Mean Skew Min Max SD
1 Surgeons treat me with respect. 404 -0.91 1 5 097
2 | Assistant dislikes me conducting minor tasks at 2.30  0.57 1 5 110
the end of surgery.*
3 Surgery employment is too long.* 226  0.47 1 5 093
4 There is nice communication among staff. 3.45  -0.39 1 5 1.06
5 Questions are answered during surgery. 3.94 -0.97 1 5 103
6 Surgeons try to provide good teaching. 3.20  -0.19 1 5 121
7 I can practically apply theoretical knowledge. 291  0.05 1 5 112
8 | feel like a staff member. 2.77  0.09 1 5 131
9 I only go to the OR if | have to.* 215 0.79 1 5 117
10  Often | am too stressed to participate actively.* 1.88 | 0.77 1 4 0.90
11 | can acquire appropriate skills and knowledge. 279  0.04 1 5 108
12  Surgeons give me constructive feedback. 265 0.11 1 5 121
13 I know my tasks in the OR. 332 -0.35 1 5 117
14  Staff in the OR is friendly. 3.85  -0.77 1 5 0.99
15 1 get along well with the surgeons. 3.90 -0.64 1 5 0.88
16 1 have enough opportunities to assist. 3.26 -0.47 1 5 125
17  Even under time pressure, surgeons treat me 3.30 -0.27 1 5 115
respectfully.
18 | am not afraid in the OR. 406 -0.91 1 5 1.04
19  Atmosphere in the OR is nice. 349 -0.45 1 5 1.02
20 | Surgeons show interest that | learn something in | 3.01 = -0.26 1 5 117
the OR.
21  There are enough operations to gain experience. 3,50 -0.56 1 5 122
22 | Surgeons address me by name. 2.87 | 0.04 1 5 140
23  Supervision and control correspond to my 325 -0.14 1 5 102
knowledge.
24 | Assistance in the OR is solely a service.* 269 024 1 5 112
25 | can ask questions during surgery. 396 -1.01 1 5 104
26  During surgery | am too stressed to learn as much =~ 1.95 1.14 1 5 092
as | could.*
27 | understand what surgeons try to teach me 3.76 -0.81 1 5 0.96
concerning surgery.
28 | Idon’t like being corrected in front of others.* 192 092 1 5 1.01
29 | cannot go to the OR because | am too busy doing  1.68 1.10 1 4 091

other things.*

Note: * = reverse coded item




Table 3: Factor analysis with maximume-likelihood analysis for final inventory

No. Question Factor 1. | Factor 2: Factor 3: A
Learning | Workplace | Experience
support | atmosphere of
and emotional
inclusion stress
7 I can practically apply theoretical 0.91 0.67
knowledge.
6 Surgeons try to provide good teaching.  0.89 0.76
20  Surgeons show interest that | learn 0.69 0.78
something in the OR.
24 Assistance in the OR is solely a -0.67 0.39
service.*
12 Surgeons give me constructive 0.66 0.74
feedback.
8 | feel like a staff member. 0.47 0.72
23 Supervision and control correspond to 0.43 0.68
my knowledge.
15 1 get along well with the surgeons. 0.40 0.73
1 Surgeons treat me with respect. 0.36 0.79
14 | Staff in the OR are friendly. 0.99 0.65
19  Atmosphere in the OR is nice. 0.60 0.79
4 There is good communication among 0.54 0.60
staff.
17  Even under time pressure, surgeons treat 0.51 0.78
me respectfully.
2 OR ancillary staff members dislike me -0.53 0.41
conducting minor tasks at the end of
surgery.*
26  During surgery | am too stressed to 0.83 0.66
learn as much as | could.*
10  Often I am too stressed to participate 0.74 0.63
actively.*
18 | am not afraid in the OR.* -0.67 0.60
9 I only go to the OR if | have to.* 0.59 0.44
3 Surgery employment is too long.* 0.54 0.34
Cronbach’s a 0.91 0.87 0.77
Explained Variance 38.17 9.80 5.82
Eigenvalues after rotation 11.07 2.84 1.69

Note: * = reverse coded item, loadings <0.3 not displayed. A = communalities




Table 4: Item thresholds on response option levels and locations

No b1 b2 b3 b4 Location
1 0.26 2.13 1.19
2* -0.86 0.46 1.12 2.34 0.76
3* -1.24 0.60 1.60 3.37 1.08
4 -0.75 1.60 0.43
6 -1.27 -0.40 0.84 1.23 0.10
7 -2.31 -0.57 0.17 1.60 -0.28
8 -1.18 0.28 -0.45
9* 0.09 1.53 0.81
10* -0.60 1.01 1.75 NA 0.72
12 -1.03 -0.78 0.08 0.57 -0.29
14 0.64 1.90 0.90
15 -1.11 0.89 2.16 2.90 1.21
17 -1.53 -0.10 0.82 1.67 0.22
18 0.16 0.53 1.88 2.30 1.22
19 -0.20 1.26 0.42
20 -1.36 0.78 -0.26
23 -2.02 -0.46 0.97 2.30 0.20
24* -1.25 -0.35 1.18 1.59 0.30
26* -0.71 1.58 1.60 2.19 1.16

Notes: * = reverse-coded item, by is the threshold from strongly disagree to agree, b, is the
threshold from “disagree” to “neither agree nor disagree”, bz is the threshold from “neither
agree nor agree” to “agree”, b4 is the threshold from “agree” to “strongly agree”.



Table 5: The refined SPOOREM, which is ready to use for quality assurance in surgical
training for undergraduate education.

Learning support and inclusion strongly neither |  strongly
disagree or agree

>

| can practically apply theoretical
knowledge.

;

Surgeons try to provide good teaching. O O O O_O
Assistance in the OR is solely a AN
service.* O U/ / O_O
Surgeons give me constructive AN\ N
feedback. O NN/ O O

Supervision and control correspond to
my knowledge.
| get along well with the surgeons.

:

Surgeons treat me with respect.

Surgeons show interest that | learn
something in the OR.
| feel like a staff member.

Workplace atmosphere

Even under time pressure, surgeons treat
me respectfully.

OR ancillary staff members dislike me
conducting minor tasks at the end of
surgery.*

Staff in the OR are friendly.

QO QOO
OO0
g O 00

O
O

%

Atmosphere in the OR is nice.

There is good communication among
staff.

Experience of emotional stress

Q00O
OO0
O 0O

During surgery | am too stressed to
learn as much as | could.*

Often | am too stressed to participate
actively.*

| am not afraid in the OR.*

%

@
O
O

;
0

Surgery employment is too long.*

| only go to the OR if | have to.*

[
[

*= reverse-coded item



Figure 3: Comparison of sum scores in the factors with respect to response categories

using unit weights (CTT) and calibrated weights (IRT) resulting in different scale scores
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