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Articles
This PhD thesis is based on four articles generated from four studies:

. ‘Development and validation of a theoretical test in basic laparoscopy’.
Strandbygaard J, Maagaard M, Larsen CR, Schouenborg L, Ottosen C, Ringsted C,
Grantcharov T, Ottesen B, Sorensen JL.

The study is accepted in Surgical Endoscopy, September, 2012

I.  ‘Instructor feedback versus no instructor feedback on performance in a
laparoscopic virtual reality simulator: a randomized trial’.

Sﬁfm'ﬁzlgyﬂ[af/ Oestergaard], Bjerrum F, Maagaard M, Winkel P, Larsen CR, Ringsted C, Gluud C,

Grantcharov T, Ottesen B, Sorensen JL.
The study is accepted in Annals of Surgery, September, 2012

. ‘Can both residents and chief physicians assess surgical skills?’
Oestergaard J, Larsen CR, Maagaard M, Grantcharov T, Ottesen B, Sorensen JL.
Surgical Endoscopy 2012 Jul;26(7):2054-60

IV.  “Astructured four-step curriculum in basic laparoscopy: development and
validation’.
Strandbygaard ], Bjerrum F, Maagaard M, Larsen CR, Ottesen B, Sorensen JL
The study was submitted to Journal of Surgical Education, November, 2012

The articles are referenced with Roman numbers. The previously published article is
reproduced with permission from Springer inc. (Surgical Endoscopy).




Academic advisors

° Bent Ottesen, Professor, DMSc, Managing Director, Juliane Marie Centre,
Rigshospitalet, Copenhagen University Hospital, Denmark

* Jette Led Sgrensen, MD, MMEd, Department of Obstetrics and Gynecology,
Juliane Marie Centre, Rigshospitalet, Copenhagen University Hospital, Denmark

* Christian Rifbjerg Larsen, MD, PhD, Department of Obstetrics and Gynecology,
Hillergd Hospital, Hillergd, Denmark

° Teodor Grantcharov, MD, PhD, FACS, Department of Surgery, St. Michael's
Hospital, Toronto Canada




Assessment committee

e Kari Mikines (chairman), MD, DMSc, Department of Urology, Herlev Hospital,
Copenhagen University Hospital, Denmark

e Berit Eika, MD, Professor, PhD, MHPH, Associate Dean of Education, Aarhus
University, Denmark

o Richard Reznick, MD, Med, FRCSC, FACS, FRCSEd (hon), FRCSI (hon), Dean of
Faculty of Health Sciences, CEO at Southeastern Ontario Academic Medical
Organization, Canada




Summary in English

Aim
The overall aim of this PhD thesis was to develop and validate a four-step curriculum in
basic laparoscopy for residents in obstetrics and gynecology.

Background

Important work has been done to validate laparoscopic simulators as viable methods
for teaching technical skills outside the operating room. The next step is to integrate
simulation training into a curriculum in order to plan and standardize education.
However, integration of structured simulation training remains a problem. This is
mainly due to lack of knowledge on best practice within training methods and the ideal
design of a curriculum.

Through four collective studies this thesis aimed to develop and validate a four-step
curriculum in basic laparoscopy that adhered to the current standards of proficiency-
based training and distributed and deliberate practice. The core competencies revolved
around basic laparoscopic theory and practice, integrating a knowledge component, a
technical skills component and, as a novelty compared with the existing literature, an
operational component.

In the first study, a validation study, a test containing 37 multiple-choice questions was
developed through interviews with four experts in laparoscopy and subsequently
through a Delphi audit involving regional laparoscopic surgeons. The test showed good
construct validity and no evidence of differential item functioning, meaning no
questions had to be excluded before the test could be taken into use.

The second study, a randomized trial with 99 participants, demonstrated that instructor
feedback significantly increased efficiency when training a complex operational task on
a virtual reality simulator. The intervention group, who received standardized
instructor feedback for 20-30 minutes, used half the amount of time and number of
repetitions to reach proficiency level compared with the control group. Three
participants in the control group dropped out due to the frustration of not being able to
complete the task. The control group, however, reached the proficiency level with a
higher performance score than the intervention group did.

The third study, a cohort study, demonstrated that senior residents and chief physicians
in gynecology were equally able to assess laparoscopic operations on the basis of an
assessment scale. Neither group revealed difficulties when using the assessment scale.

In the fourth study, a prospective observational study, a curriculum with four steps was
developed: Step 1) 1-day course in basic laparoscopy, Step 2) A multiple-choice test in
basic laparoscopy, Step 3) Structured virtual reality simulation training, and Step 4)
Operation on a patient with subsequent formative assessment.

A cohort of 52 first-year residents signed up for the study. There was 100% attendance
during Step 1, and 55% completed all four steps. There were several reasons for
dropping out; the main reason was the voluntary nature of the study. Additionally, some
logistical problems were identified for Step 4.
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Conclusion

We propose a flexible four-step curriculum in basic laparoscopy containing a course
component, a knowledge component, a virtual reality training component involving
instructor feedback, and an operational component with subsequent formative
assessment.




Dansk resumé

Formal

Afhandlingens overordnede formaél var at udvikle og validere et struktureret
traeningsprogram i basal kikkertkirurgi for laeger under uddannelse til speciallzeger i
gynakologi og obstetrik.

Baggrund

Gennem de sidste ti ar er brugen af virtual reality simulation inden for optrening af
kikkertkirurgiske feerdigheder markant gget. Denne udvikling er sket pa baggrund af
flere randomiserede forsgg, der har vist, at man kan overfgre feerdigheder opnéet pa en
virtual reality simulator til egentlige operationer pa patienter. Siledes behgver man
ikke leengere opleeres ved operationer pd patienter, det kan ggres pé en simulator. Det
medfgrer en del udfordringer nar simulationstraening skal implementeres i treenings-
og uddannelsesprogrammer, idet der endnu foreligger tilstraekkelig viden om omfang,
traeningsmetoder og kompetencevurdering.

Forskningsstrategi

Gennem fire delstudier blev der udviklet og valideret et struktureret treeningsprogram i
basal kikkertkirurgi indeholdende en kursuskomponent, en teoretisk komponent, en
feerdighedstraenings komponent samt en operations komponent. Studierne inddrager
aktuelle standarder inden for udvikling af treeningsprogrammer samt veldokumenteret
teori inden for oplaering af motoriske feerdigheder.

I det fgrste studie, et valideringsstudie, blev der gennem interview med fire eksperter i
kikkertkirurgi og samt efterfglgende Delphi audit blandt 12 overlaeger i gynakologi fra
Region Hovedstanden samt Region Sjeelland, udviklet en test med 37 multiple-choice
spgrgsmal. Testen viste at kunne skelne mellem medicinstuderende og lzeger pa
forskelligt uddannelsesniveau, det vil sige, at der var god construct validitet. Desuden
viste testen ikke tegn pa differential item functioning, hvilket betyder at ingen af
spgrgsmalene skulle ekskluderes fgr testen kunne tages i brug.

I studie to, et prospektivt randomiseret forsgg, fandt vi at 20-30 minutters feedback fra
en instruktgr fordobler effektiviteten i forhold til tid og antal repetitioner ved traening
af et kikkertkirurgisk operationsmodul pa en virtual reality simulator. Dette vurderet i
forhold til kontrolgruppen som ikke modtog feedback. Der var tre personer fra
kontrolgruppen der udgik pa grund af frustration over ikke at kunne gennemfgre
operationsmodulet uden feedback. Kontrolgruppen opnaede en hgjere samlet
‘udfgrelsesscore’ i forhold til interventionsgruppen. .

I det tredje studie, et prospektivt kohortestudie, fandt vi at leeger med forskelligt
kirurgisk kompetenceniveau (10 fgrstereservelager og 12 overlager) evaluerede
kikkertkirurgiske operationer ens ud fra en valideret kompetencevurderingsskala. Dog
evaluerede de ikke med samme resultat som to eksperter.

I det fjerde studie, et prospektivt observationsstudie, blev et traeningsprogram
bestdende af fire trin udviklet. De fire trin var fglgende: trin 1) Et ét-dagskursus i basal
kikkertkirurgi, trin 2) En teoretisk test i basal kikkertkirurgi, trin 3) Struktureret
treening af basale koordinerings moduler samt operationsmoduler pa en virtual reality
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simulator og trin 4) En operation pd en patient med efterfglgende
kompetenceevaluering.

En kohorte pa 52 introduktionslager i obstetrik og gynaekologi deltog, og 100%
gennemfgrte trin 1 og 55% gennemfgrte alle fire trin. Der var flere grunde til frafald;
hoveddrsagen var at studiet var frivilligt, og at der dermed ikke blev givet fri fra
afdelinger til deltagelse. Desuden var der nogle logistiske problemer i trin fire i form af
manglende planleegning omkring at fa en operation.

Konklusion

Vi foreslar at en fleksibel model til et struktureret traeningsprogram i basal
kikkertkirurgi bestdende af en kursus komponent, en teoretisk komponent, en praktisk
komponent samt en operationel komponent bliver indfgrt i uddannelsen af laeger i
gynaekologi og obstetrik.
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Introduction

Laparoscopic surgery has become a standard operation method in many gynecologic
procedures. The challenges when learning to master laparoscopy relate to both
psychomotor skills and the perceptual nature. The laparoscopic technique is ideally
taught in a simulated environment, where simulation training has shown to deliver a
fast and patient-safe path to technical competence in the operating room . Despite
convincing research achievements proving the worth of laparoscopic simulators,
development of structured training curricula is challenging. This is mainly due to lack of

knowledge regarding the best methods for training and the best design of a curriculum
6-8

The overall aim of this thesis was to develop and validate a curriculum in basic
laparoscopy for residents in obstetrics and gynecology.
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Background

The background chapter is divided into three sections. The first section focuses on the
laparoscopic technique and current opportunities to train this technique in a simulated
environment. The next section explains some educational theories applicable in
simulation training. The last section elucidates some of the most important components
in an educational curriculum.

In the following thesis the terms resident, learner and trainee are used interchangeably,
based on the assumption that the trainee and resident are always the learner.

The laparoscopic technique

Minimally invasive surgery has become the new gold standard in many operations
within general surgery and gynecology. As the term minimally invasive surgery
indicates, it is characterized by being less invasive compared with open surgery. The
method has several advantages including shorter hospitalization, faster postoperative
recovery, less postoperative pain and improved cosmetics.

Laparoscopy is a minimally invasive surgery technique widely used in many
gynecologic procedures, such as salpingectomy, hysterectomy, cyst removal, and
endometriosis, and it is increasingly used in surgical oncology.

Laparoscopic surgery is challenging to learn. In contrast to open surgery, where it is
possible to touch the organs with the hands, laparoscopic surgery allows handling of
organs only with long instruments managed through small holes in the abdomen, which
reduces the maneuverability. Furthermore, the tip of the instrument is moved in the
opposite direction to the surgeon'’s hand; a counterintuitive hand movement, and the
surgeon has to navigate the instruments in a three-dimensional room using only two-
dimensional visual feedback on a screen placed at a distance.

The novice surgeon requires practice to master the challenges of the laparoscopic
technique. The learning curve is typically steep, and in many specialties, such as general
surgery 11, urology 1214, pediatrics > and gynecology !, it has been shown that during
the initial part of learning there is an increase in the number of complications and the
training time.

It is now possible to do the initial training in a simulated setting using laparoscopic
simulators and without any risk to patients. Laparoscopic surgical simulators provide
trainees with the opportunity to enhance motor skills in a standardized, controlled
environment, where tasks can be repeated until proficiency is reached. There are
several kinds of laparoscopic simulator, both high-fidelity virtual reality simulators and
low-fidelity bench models. Bench models are designed to deliver only didactic training,
whereas virtual reality simulators are designed to measure various facets of
performance such as instrument handling and effectiveness, time to complete tasks,
blood loss, errors and use of electrocautery.

In modern surgical residency initial skills training has transitioned from the operating

room to the surgical skills laboratory. This is due to extensive research, both
randomized trials and systematic reviews, on the effectiveness of simulators 1-517-20
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Since the first randomized trials involving virtual reality training were conducted ten
years ago by pioneers such as Grantcharov 4 and Seymour 2, simulators have undergone
rapid development. The currently available virtual reality simulators combine
procedural tasks with didactic learning programs on diagnosis, indications and
contraindications for an operation as well as anatomy in the surgical field. Additionally,
these features are portrayed with very realistic graphics, Figure 1 and 2. There are
several commercially available simulators on the market. In this thesis the LapSim®Gyn
from Surgical Science, Goteborg, Sweden was used.

5 Bty the vedsal vith the pedal

Figure 1 and 2. Exmples of the graphical representation of a basic skills task (left) and the
operational task ‘salpingectomy’ (right) from the virtual reality simulator LapSim®.

The educational perspective

Education within the medical world—and in general—is life long. It cannot be staged to
a certain point in time; however, it is necessary to ensure that certain surgical standards
are reached before operating in order to minimize the risk of unnecessary harm to
patients.

Historically, the operating room has served as the educational setting for novice
surgeons, and skills were learned via the Halstedian model, better known as ‘see one, do
one, teach one’ 2%, This is no longer acceptable due to ethical considerations toward
patients, the demand for operating room efficiency, and the advances in educational
theory and technology 22.

Unlike the clinical environment, simulation is designed for the benefit of the learner.
Skills laboratories support a learner-centered approach to education compared with the
clinical setting, the operation room, which is patient-centered. Barbara Schout, who
recently published a PhD concerning virtual reality training in urology, described the
characteristics and differences of a skills laboratory and the clinical settings, Table 1 23,
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Table 1. Characteristics of skills Jaboratory settings and clinical settings. Simulator training in a skills
laboratory accommodates several of the requirements demanded in the learning theory literature.

Skills laboratory setting Clinical setting

Learner centered Patient centered

Repeated practice (deliberate practice) One case at a time

Mistakes are allowed Mistakes are unacceptable

Safe environment for learner Less safe environment for learner
24-hour availability of learning Learning opportunities dependent on
facilities patient care

Variation of cases and exercises Cases dependent on patient care

Possibility for peer teaching (learning  No possibility for peer teaching

from colleagues in the same learning

phase)

Standardized assessment Assessment dependent on patient case

From B. Schout’s PhD thesis ‘Training in Urology, From Virtual to Reality’ 23

As Table 1 shows, there are several advantages of performing initial skills training in a
skills laboratory, especially the point concerning mistakes, which are acceptable in the
simulated setting but unacceptable in clinical practice.

Several psychomotor learning approaches and educational frameworks have been
described and are clarified separately below in the light of simulation training. To
understand what simulation can achieve and what its limitations are, educational
theory can be helpful 24. In this thesis three frameworks are reflected on as they
contribute to understanding the assessment of skills performance and learning of
psychomotor skills.

Miller’s pyramid of competence and assessment

In 1990 Miller described a framework for clinical competence assessment with
increasingly complex levels of skills performance 25. The different layers in Miller’s
model are built up like a pyramid with four levels, Figure 3, forming a horizontally
layered hierarchical categorization of clinical competence. All layers are needed and
have their own impact on clinical competence. The bottom level of the pyramid is the
knows level as Miller realized that learning of skills, any skill, begins with a knowledge
component which is a prerequisite for carrying out professional functions. The next two
layers knows how and shows how follow upon knows and are often used
interchangeably; however, knows how as the procedural knowledge means that a
physician can apply knowledge in concrete situations, while shows how is the
competence and thereby the ability to use this knowledge to perform concrete actions.
The top layer does focuses on what occurs in practice rather than what happens in the
artificial setting and is the actual doing in day-to-day practice. Reaching the does level
regarding laparoscopic surgery requires both knowledge and motor skills.

Miller’s framework is applicable to skills training since all levels can be connected in a
curriculum outside the operation room. However, the highest level of the pyramid
collects information about doctors' performance in their daily practice and is a
continuous process.

The importance of Miller’s framework lies in its ability to identify learning objectives
(what) and link them with appropriate testing contexts (where) and instruments (how).
This is illustrated in Figure 3.

14




Clinical practice

Virtual reality training

SHOWS HOw

(Competence)

Increase in skills and
knowledge and validity

A simulated

KNOWS HOW Knowledge test environment
(Procedual Knowledge)
KNOWS Didactic skills and |
{Declarative Knowledge) knowledge courses

Figure 3. Miller’s framework of competence and assessment in education with application of how and
where the different levels can be assessed. The arrow on the left illustrates the increase in skills and
knowledge, and the validity of results.

Kirkpatrick’s evaluation model

Perhaps the best-known evaluation methodology for judging learning processes is
Donald Kirkpatrick’s Four Level Evaluation Model first published in a series of articles
in 1959. The series was later compiled and published as the article, ‘Techniques for
Evaluating Training Programs’ from 1975 26, and it has been republished several times
since 27, Even though the model has recently been criticized for being outdated and
simplistic, it remains one of the corner stones of the evaluation theory.

Kirkpatrick’s four levels of evaluation include: reaction, learning, behavior and results,
and all four levels can be reflected in a laparoscopic curriculum. The importance of
Kirkpatrick’s model lies in its ability to identify a range of dimensions that need to be
evaluated in order to inform about the educational quality of a specific program or

0 curriculum 27, It is an outcome-focused model; however, it provides limited information
about the individual learner.

The reaction level measures how the participants react to the training or learning
activity. The next level, the learning level, measures what the participants have actually
learned. This is followed by the behavior level, which measures whether what is learned
is being applied on the job. Last is the result level measuring whether the application of
training is achieving results.

Each level of evaluation builds upon the evaluation of the previous level, and the
multiple measures of evaluation add precision to the measure of training effectiveness;
however, the analysis becomes increasingly extensive and thereby time consuming and
costly.

Criticism of the model has been directed at the oversimplified view of the training
effectiveness, which does not consider individual or contextual influences in the

). evaluation of training 28, Bates argues that it is likewise important to consider
fundamental, ethical questions about training evaluations, for example “Are we doing
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the right thing, and are we doing it well?” 28. We acknowledge the criticism and take
note of it throughout the thesis.

Fitts and Posner’s three-stage theory of motor sKkills acquisition

Unlike Miller’s and Kirkpatrick’s frameworks, which focus on evaluation of a program or
curriculum, Fitts and Posner have suggested a skills learning theory that focuses on the
individual learner’s movement through specific stages when acquiring a new skill .
The theory was originally based on motor skills acquisition but can also be applied to
surgical skills 30-32,

The learning process is sequential and involves three stages starting with the cognitive
phase, which is the identification and development of the component parts of the skill
involving the formation of a mental picture of the skill. This phase is followed by the
associative phase linking the component parts into a smooth action involving practicing
the skill and using feedback to perfect the skill. The third phase is the autonomous phase
where the developed and learned skill becomes automatic, involving little or no
conscious thought or attention when performing the skill. It is not certain that all
performers reach this stage.

The concept of progressing through well-defined stages correlates well with training in
a simulated environment since all stages can be achieved, justas in the operation room,
but without jeopardizing patient safety. The theory is useful regarding the learning of
psychomotor skills, such as laparoscopic operations, and identifies that the relevant
movements must be assembled, component-by-component. This can be accomplished
on a virtual reality simulator where the unskilled performance with many errors shifts
to a skilled performance with few, minor errors.

Developing a curriculum in basic laparoscopy

Important work has been done to validate simulators as viable methods for teaching
technical skills outside the operating room, and the next step is to integrate simulation
training into a curriculum in order to standardize and plan education. Although virtual
reality simulators and bench models have been studied thoroughly and have proven
their worth, integration in the actual training curriculum remains a problem 67:33, This
is mainly due to lack of knowledge on best practice within training methods and the
ideal design of a curriculum 7,834,

Stefanidis and Heniford write: ‘4 successful laparoscopic skills curriculum depends on
many factors including participants’ motivation, available resources and personnel, and
trainee and faculty commitment, It should encompass goal-oriented training, sensitive and
objective performance metrics, appropriate methods of instruction and feedback,
deliberate, disturbed and variable practice, an amount of overtraining, maintenance
training, and a cognitive component. A curriculum that follows these principles is likely to
spark trainee interest..." 7.

Development of a curriculum requires a comprehensive approach. It has to meet
demands from stakeholders at many levels, such as the organizational level, the faculty
level and the student level. Furthermore, as stated by Stefanidis and Heniford, a
curriculum encompasses many aspects, such as learning opportunities and outcomes,
educational strategies, assessment, educational environment and content 35. Thus, the
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overall aim of any curriculum is to ensure the learning of an agreed standard of skills or
knowledge 36.

Psychomotor learning theory emphasizes the integration of a cognitive stage—where a
novice develops a mental picture of the motor task—as the first step in learning a
procedure. To do this correctly, the trainee must understand the steps of the operation
in the correct order and must know how to troubleshoot unexpected developments.
Following the cognitive component is the rehearsal of a task in a simulated
environment, which requires both technical and cognitive knowledge. These
components, knowledge and skills, are essential in the development of technical skills
curricula 737-39,

The importance of cognitive training has been highlighted in a study by Tang et al.,
where they demonstrate that cognitive errors, such as a lack of understanding of the
correct sequence of steps in an operation, trigger the majority of mistakes in a
procedural task rather than technical errors “°.

Within laparoscopic curricula the Fundamental of Laparoscopic Surgery (FLS) is
predominant, especially in North America. The FLS program addresses both technical
skills using bench models along with laparoscopic knowledge using a multiple-choice
test 41, The performance metrics including the cognitive multiple-choice test have been
extensively validated for surgical residents 4245, but currently the cognitive test is not
optimal for gynecologic residents 4647, Additionally, it is limited to teaching basic
component laparoscopic skills and not full procedures 48,

Other curricula on virtual reality simulators have been described for basic laparoscopy,
but many do not contain a cognitive component 455,

The most convincing way to scientifically justify a curriculum’s existence would be to
set up a randomized trial. This was recently done in colorectal surgery by Palter and
Grantcharov, showing that the intervention group improved technical proficiency in the
operation room and improved cognitive knowledge related to performing an advanced
procedure compared with the control group, who underwent traditional training 52,

In the current thesis, we decided it was ethically unacceptable to conduct a randomized
study where residents used patients as training models (traditional training), due to the
mounting evidence in favor of simulation training. This is also argued by Seymour in a
review from 2008 53,

Ample evidence demonstrates that simulation is an efficient method of teaching
laparoscopic skills 54, and virtual reality training has shown to improve operative
performance 14 However, mere surgical skills are not sufficient to ensure proper
laparoscopic knowledge, there is also a need for a cognitive component. As Roger
Kneebone writes: ‘Without a curriculum, there is a danger that technology will dominate
learning and that educational goals will be eclipsed. Clear vision is essential to make wise
use of simulation’s enormous potential, and to ensure an equal partnership between
pedagogy and technology’ 55. Furthermore, as this thesis shows, there is much to gain

from discussing both components in relation to well-evidenced psychomotor learning
theories.

The aim of this thesis was to develop and validate a step-wise curriculum in basic
laparoscopy for first-year residents in obstetrics and gynecology with clear educational

17




objectives that mirrored actual practice. The curriculum is inspired by the FLS program
and the curriculum literature 7.364156-59 and adheres to the current standards of
proficiency-based training and distributed and deliberate practice 36%-62, Additionally,
the curriculum acknowledges the psychomotor learning theory 2527.29.62-64, The core
competencies revolve around basic laparoscopy, integrating a knowledge component, a
technical skills component and, as a novelty compared with the existing literature, an
operational component.
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Aims

The current thesis consists of four studies all aiming to develop and validate individual
steps in a four-step curriculum in basic laparoscopy for residents in obstetrics and

gynecology.

Study I
The aim of the study was to develop and validate a knowledge test in basic laparoscopy.

Study II
“The aim of the study was to investigate the impact of instructor feedback when training
a complex operational task on a laparoscopic virtual reality simulator.

Study III
The aim of the study was to investigate whether doctors on different educational levels
can assess laparoscopic operations on the basis of an assessment scale.

Study IV
The aim of the study was to develop and validate a four-step curriculum in basic
laparoscopy for first-year residents in obstetrics and gynecology.

Research questions

Study 1

1a) Is it possible to develop and validate a multiple-choice test in basic laparoscopy on
the basis of a regional consensus panel?

1b) Can the multiple-choice test distinguish between different educational levels?

Study II
What is the impact of instructor feedback when training a complex operational task on a
virtual reality simulator?

Study II1

Can doctors at different educational levels assess laparoscopic operations on the basis
of an assessment scale?

Study IV

1a) Is it possible to develop a four-step curriculum in basic laparoscopy based on
validated constituent elements?

1b) Is a four-step curriculum in basic laparoscopy usable for first-year residents in
obstetrics and gynecology?

19
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Study I. The test study

‘Development and validation of a theoretical test in basic laparoscopy’.
Strandbygaard ], Maagaard M, Larsen CR, Schouenborg L, Ottosen C, Ringsted C,
Grantcharov T, Ottesen B, Sorensen JL.

Accepted in Surgical Endoscopy, September, 2012
DOI: 10.1007/s00464-012-2615-7
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Abstract

Background Testing of knowledge is an important com-
ponent in a successful skills curriculum. Nonetheless,
structured testing of basic procedure-relevant knowledge in
the surgical domains is not ordinary practice. A regional
need assessment showed insufficient knowledge regarding
basic laparoscopy for first-year residents in obstetrics and
gynecology. This study therefore aimed to develop and
validate a framework for a theoretical knowledge test, a
multiple-choice test, in basic theory related to laparoscopy.
Methods The content of the multiple-choice test was
determined by conducting informal conversational inter-
views with experts in laparoscopy. The subsequent rele-
vance of the test questions was evaluated using the Delphi
method involving regional chief physicians. Construct

J. Strandbygaard (B) - M. Maagaard - L. Schouenborg -
C.-Ottosen - J. L. Sorensen

Department of Obstetrics and Gynecolology, 4074,
Rigshospitalet, University Hospital of Copenhagen,
Blegdamsvej 9, 2100 Copenhagen, Denmark

e-mail; jeanett.oestergaard @rh.regionh.dk

C.R./Larsen

gjepartment of Obstetrics and Gynaecology, Hillergd Hospital,
Dyrehavevej 29, 3400 Hillergd, Denmark

C. Ringsted

Centre of Clinical Education, University of Copenhagen,
Copenhagen and Capital Region, Blegdamsvej 9,

2100 Copenhagen, Denmark

epartment of Surgery, St. Michael’s Hospital, 30 Bond Street,

% Grantcharov
oronto, ON M5B 1W8, Canada

B. Ottesen
uliane M{n‘ie Centre, Centre for Children, Women, and
Reproduction, Blegdamsvej 9, 2100 Copenhagen, Denmark

Development and validation of a theoretical test in basic

Jeanett Strandbygaard - Mathilde Maagaard - Christian Rifbjerg Larsen -
Lars Schouenborg - Christian Ottosen -+ Charlotte Ringsted - Teodor Grantcharov -

validity was tested by comparing test results from three
groups with expected different clinical competence and
knowledge levels: senior medical students, first-year resi-
dents, and chief physicians.

Results  The four conversational interviews resulted in the
development of 47 test questions, which were narrowed
down to 37 test questions after two Delphi rounds
involving 12 chief physicians. Significant differences were
found between the test scores from the senior medical
students (n = 14) and the first-year residents (n = 52)
(median test scores, 18 vs. 24, respectively; p = 0.001),
and between the first-year residents and the chief physi-
cians (n = 12) (median test scores, 24 vs. 33, respectively;
p = 0.001). Internal consistency (Cronbach’s alpha) was
0.82. There was no evidence of differential item func-
tioning between the three groups tested.

Conclusions A newly developed knowledge test in basic
laparoscopy proved to have content and construct validity.
The formula for the development and validation of a the-
oretical test could potentially be used for any topics that
require structured testing of knowledge.

Keywords Assessment - Curriculum - Laparoscopy -
Multiple-choice test - Theoretical test

A cognitive knowledge component is an important part of a
laparoscopic curriculum and is expected to provide the
physician with basic understanding to handle unexpected
events [1, 2]. A supporting argument for this was demon-
strated in a randomized study that found cognitive skills
training enhancing the ability to execute a surgical task
correctly [3]. Nonetheless, structured testing of basic pro-
cedure-relevant knowledge in the surgical domains is not
ordinary practice.

@ Springer




Surg Endosé

In Northern America, the validated program, funda-
mentals of laparoscopic surgery (FLS) [4], developed by the
Society of American Gastrointestinal and Endoscopic Sur-
geons (SAGES), currently is widely accepted as a require-
ment during surgical residency. The FLS is based on
examination of both theoretical knowledge in basic lapa-
roscopy using a multiple-choice test and technical skills
performance. Several aspects of the FLS program, both
theoretically and technically, can be adapted to other
endoscopic specialties, but it is a costly program, and the
cognitive component currently is not optimal for residents
in gynecology [2]. On this basis, the current study aimed to
develop and validate a multiple-choice test on basic theory
related to laparoscopy for first-year residents in gynecology.

A primary purpose of testing is to communicate what is
important, and any test should be preceded by analysis of
knowledge gaps (e.g., a need analysis of the relevant sub-
ject). Tests and assessment are powerful motivators for
learning and can encourage trainees to study on their own
and participate in available educational opportunities [S].
Resident curricula may vary from hospital to hospital, and
it therefore is important to develop tests that promote
knowledge and aid in the accomplishment of key curricular
goals [5]. This can facilitate homogeneous learning, both
regionally and nationally.

Several factors must be considered in the development of
test questions; purpose, type, objectives, content, construc-
tion, format, validity, and reliability [5, 6]. Furthermore,
educational impact, cost effectiveness, and acceptability
need to be taken into account {7]. Although test development
often is considered a simple task, designing a valid and
reliable test is comprehensive.

Research has shown that the format of the question is of
limited importance. It is the content of the question that
determines what the question tests [7, 8]. Multiple-choice
questions (MCQs) are useful for testing cognitive knowl-
edge and efficient for examination of large groups and
large subject areas. The scoring of MCQs is time saving,
and effective MCQs can be reused (i.e., MCQs are cost
effective). The main advantages of the MCQ format are its
high reliability and its ability to cover a broad domain of
knowledge. If constructed well, MCQs can test more than
simple recall of facts [7].

Materials and methods

Context of the study

Danish specialty training in obstetrics and gynecology
requires 5 years followed by 12 months of obligatory

internship. There are no postgraduate examinations to pass
along the way, just in-training and work-based assessment.
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The current test was designed for use in a regional 1apai
roscopic curriculum for first-year residents in gynecologgz;
to standardize the in-training and work-based assessmenty

Structure of the MCQ development

The development and validation of the MCQs includeé‘f
four steps (Fig. 1) based on recommendations from severa?f
articles [6, 7, 9-11]. Haladyna et al. have formulated ; .
guideline with 31 basic principles of effective MCQ WI‘ltv;
ing [12], which was endorsed in this study together with the
item-writing guide by Case and Swanson [5]. The ﬁrgf
author was the primary creator of MCQs, supported by thg ;
last author. .

The question consisted of a stem (e.g., a clinical cas
presentation) and a lead in question, followed by a series cé
choices: one correct answer and three distractors. Thf}
distractors were not completely wrong but less correct tha;
the correct answer. The examinee was instructed to sele
the “most likely diagnoses.” The emphasis was put o
writing questions that required examinees to problem solv.
using clinical judgment and operational decision makm13
rather than simple recollection. .

|

Step 1: need analysis of the relevant subject

A prior need analysis conducted among eight educatlonaﬁ
chief physicians representing all departments in th§
Copenhagen and Zealand Region identified a need fo
structured testing and training on the topic “basic lapﬂfi
roscopy” for first-year residents in obstetrics a1§§

gynecology.

Step 2a: content validity 1

One investigator (the first author) performed an informii
2-h conversational interview with four experts in lapar¢
scopic gynecology. There was no predetermination é‘i
questions except from the topic: identification of relevaf\
basic laparoscopy knowledge for first-year residents i
gynecology. The interviews were recorded using notes. Tb
four experts, representing three different university hosp
tals, were chosen due to their extensive knowledge ant

technical skills in laparoscopic gynecology. .
<
Step 2b: content validity 2 i
Based on the conversational interviews, MCQs Wiil
matching answers and distractors (incorrect options) Wé‘l
developed and subsequently distributed to chief physwlat
in gynecology representing eight departments in the Zel.
land Region of Denmark. The chief physicians were chosew

on the basis of their operational expertise.
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lonal lapa. 4. g. 1 Steps of test

ynecology development and validation. N d al f

| dat. all 1 .

isessments lcTrhcran r:ﬁl;tcs]frz Iﬁr::sg;s ata S tep 1 eeds YS S 0) - Basic Laparoscopy

o rclevant sub_] ect

s included

‘om several . . .
rmulated - 2-hour interview \mh_ four
MCOQ writ ) experts in gynecologic

Jer with the Step 2a laparoscopy

|. The firsi - Devel;)pplent of 47 multiple
rted by the choice questions

linical casg
y & series o - Delphi audit involving 12
actors. flh“ C‘ontent Vahdlty II chief physicians in gynecologic
f:c()irrtect et 1; - Delphi audit mvolwng ) laparpscopy i
ed to st § Step 2b ~ relevantstaff - 2 Delphi rounds till
was put of - Gnnmme Delphi rounds till consensus
c'yblem so}v cnnsensus is reachcd (e.g. same - Qonsensus of 557 of tlu':
iion makin ranngs r,m a 1 nkﬁrt-n'pa sc:ale) ; originally 47 multiple choice

questions J

education GQnstruCt Va.hdl{)f . - Test of the 37 multiple
:nts in th Sten 3 _Test the test on different choice questions on:

a need fo ep . educauona] ]gvglg (e,g medlca] Medical students (n=14)
“basic lap _ students, residents, chiel’ First-year residents (n=>52)
stetrics  an | physicians) Chicf physicians (n=12)

Implementation of test
c.g. test during a course orina
curriculum -

ng notes. g

versity hos A modified Delphi method was applied to achieve

yconsensus on the relevance of the MCQs. The Delphi
techmque 1s an anonymous process whereby responses are
‘ ollected and analyzed until consensus is achieved [13].
{Each question was rated on a scale of 1 (extreme relevance)
\fo 5 (no relevance at all) concerning its relevance for res-
qidents. Additionally, the chief physicians were asked to
answer the MCQs the first time they received the test. Their

options) W ANSWETS We d;

ief physiciat’ Te used m step 3.

s in the Z If a. question was rated above 3 by more than 20 % of
s were chost e chief physicians, the question was excluded in the final

version. If a new question was recommended by more than

20 %, the question was included for the next round. The
questions were sent out until consensus was achieved (i.e.,
all the chief physicians rated all MCQs below 3).

Step 3: construct validity

The construct validity of the MCQs was tested by com-
parison of three groups with expected different clinical
competence and knowledge levels. The high-competence
group consisted of the chief physicians who participated
in the Delphi evaluation (step 2b). The intermediary
competence group consisted of first-year residents in
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obstetrics and gynecology who had been in the specialty
for 4-6 months. They were tested in the morning on the
day of an obligatory course held at a university hospital.
The low-competence group consisted of medical students
in their final year of medical school who recently
had finished a 4-week clinical stay at an obstetrics and
gynecology department. They were tested on their final
day of the stay, with no remedies (e.g., Internet or books)
allowed during the test. There was no time constraint for
answering.

Ethics

Participation was voluntary, and no patients were involved.
Therefore, ethical approval was not required according to
Danish regulations.

Statistical analysis

Data were processed using SPSS 19.0 for Windows (SPSS,
Chicago, IL, USA). Cronbach’s alpha was calculated for
internal consistency.

Differential item functioning was tested with logistic
regression [14, 15]. Differential item functioning occurs
when examinees from different groups show differing
probabilities of scoring on questions after matching on the
underlying ability that the question is intended to measure
[15]. It is an important statistical aspect in the development
of tests because if differential item functioning is apparent

ﬁ e
for a question, then bias is present, and it needs to liw,
considered whether the questions should be removed fro@ re
the test. ;

Nonparametric tests were used because distributions ¢
the obtained answers did not justify the general use ¢
parametric tests. The Mann—Whitney U test was used g
compare test scores of medical students with those of ﬁrsic‘
year residents and chief physicians. All p values lower ths
0.05 were considered significant. Scores are presented é‘SI
medians and minimum and maximum scores. o

Results
Step 1: A regional need analysis of the relevant subject

This analysis was performed as described in the Mateua?
and methods section. ‘

Content validity

answers were developed. The MCQs were distributed to |
chief physicians with prior experience in the range éVa
250-1,000 independent laparoscopic procedures. i
After the first Delphi round, 10 MCQs were excludeé Th
None was added. The modified 37 MCQs were sent out fé COJ

a second evaluation. After the second round, no MC(%ha‘
tha
cm

Fig. 2 MCQ test scores from
medical students, first-year 40+
residents, and chief physicians;
- . 36
significant differences were -
found between MCQ test 351
scores in the three groups 32 33
32
304
v
g
S 277 24
b
s 20
v 20
v
K 1 .
15+ .
o
10 J_ »
9 iseq
5 - ihe
; | | —stat
Medical students (n=14)  1styear residents (n=52)  Chief physicians (n=12) ?intﬁ
that

Groups

Box plot showing median scores. Whiskers represents minimum and maximum score‘haV
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needs to be were rated not relevant (i.e., consensus was obtained). The
moved fron response rate was 100 % for both rounds. In the end, the
total number of questions was 37. Four of these questions
tributions of consisted of illustrative drawings.

neral use o

was used f .1
ct validit
hose of first. Constru y

’s lower tha Significant differences were found between the MCQ test

presented ag scores from the medical students (n = 14) and the first-

year residents (n = 52) (p = 0.001), and between the first-
year Tesidents and the chief physicians (n = 12)
_ (p = 0.001) (Fig. 2). The internal consistency (Cronbach’s
Ipha) for the test, including the scores from the medical
 students, first-year residents, and chief physicians, was

at subject 0.82. There was no evidence of differential item func-
. . tioning between the three groups tested.
the Materia g group
Discussion
his report describes the development and validation of a

' the conv  theoretic knowledge test in basic laparoscopy
nd matchin P ‘
tributed to 1
the range o Validation of a theoretical test

.
res. .

E

are excludet The content of the theoretical test was based on informal
e sent out fo conversational interviews of experts. The interview format
d, no MCQ has both strengths and weaknesses [16]. Its strengths are
_that the interview can be matched to individuals and cir-
_cumstances, and the non-predetermination of topics allows
the person being interviewed to associate freely with
bservations from his or her professional life. The potential
- weaknesses of this format are the lack of taxonomy and the
comprehensive analysis,

Although analysis can be comprehensive, it is important
at the sample of questions be broad. Otherwise, the test
results can be biased and thereby not representative [5]. If
e sample is too small, the test results may not be suffi-
ciently precise to ensure that they reflect true proficiency.
Content validation is based on the judgment of experts
1]. Thus, the definition and selection of experts to vali-
ate test items is controversial. To overcome potential
lection bias, a validation process needs a sufficiently
rge and diverse sample of doctors within a given spe-
alty [9,.17].

In the current study, experts in laparoscopy and a sub-
quent consensus panel with chief physicians evaluated
e content of the MCQ test. It is therefore reasonable to
ate that the content sampled was within the domain of
terest and thereby valid. We cannot, however, rule out

at there was a response biag (i.e., different experts would
ave produced different results).

=

33

s (n=12)

Ximum sc

One of the predominant factors for diverging opinions
among surgeons is the different perception of “correct
surgery,” and it can be difficult to obtain proper evidence
on those matters. The 10 MCQs omitted in the first Delphi
round were mainly concerning degree of difficulty and not
diverging operational methods.

For tests on which high-stakes decisions are based,
reliability above 0.8 is desirable, indicating that a retest
(with similar but not identical content) should be correlated
about 0.8 with the original test score [18]. For most tests,
the reliability score increases with test length. A well-
written MCQ test with 100 questions often generates a
reliability of 0.8.

The MCQ test in this study generated good reliability
and demonstrated construct validity based on only 37
questions. Most probably this was due to the rather focused
content area: knowledge related to laparoscopy. In addi-
tion, the thorough test development process contributed to
the good validity and reliability. Supporting this was the
finding of no differential item functioning among the test
questions (i.e., it was not necessary to exclude any of the
questions).

MCQ as a test format

The MCQ test format was chosen due to the following
parallels with surgical decision making: recognition, dis-
tinguishing of the correct solutions, and characteristics of
selection, estimation, prediction, and categorization [5, 6].
Writing effective, creative, and challenging MCQs is dif-
ficult and time consuming, and an important beginning is to
select and sample the correct topics. The test writer cannot
ask everything. Furthermore, it is of great importance to
have content expertise in reviewing the questions [6].
However, expertise is not sufficient to ensure valid ques-
tions. Training in question writing is necessary. The MCQs
showed good results regarding reliability and validity, and
the main reason for this is presumably due to the broad
sampling of questions.

The designers of the FLS program prepared their test in
cooperation with the Joint Committee on Standards of the
American Educational Research Association, The Ameri-
can Psychological Association, and The National Council
on Measurement in Education [4]. Involvement of these
authorities is undoubtedly an advantage, especially in
national standardized programs, but as shown in this arti-
cle, a panel of experts within a given topic combined with
instructions from MCQ guidelines [5, 12] can provide a
solid basis for a valid multiple-choice test.

As mentioned, MCQs are useful and cost effective for
examination of large groups and large subject areas due to
ease of scoring and reuse. In contrast short- and long-
answer essay responses are time consuming and difficult to
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score accurately and reliably [6]. Although the clinical
reasoning process might be easier to review in an essay, a
format that allows a broad reasoning across a larger num-
ber of problems, such as MCQs, is more efficient for
testing knowledge domains [6, 18]. It is beyond the scope
of this article to thoroughly discuss differences between
MCQs and other test formats.

Schuwirth and van der Vleuten [7] created five criteria
that can be used to evaluate the advantages and disadvan-
tages of written assessment methods: reliability, validity,
educational impact, cost effectiveness, and acceptability.
The current study met the majority of these demands and
provided useful information on how to develop and vali-
date a test with relatively simple tools that can be applied
within different areas of knowledge.

A randomized study showed that cognitive skills train-
ing enhanced the ability to execute a surgical task correctly
[3] and that a cognitive component should accompany
skills training in a successful curriculum [1, 4, 19]. How-
ever, estimating concurrent validity is not straightforward.
In surgery, performance on examinations testing knowl-
edge has correlated poorly with assessments of technical
skills and operative performance [20, 21]. This indicates
that assessment strategies targeting performance in practice
are necessary supplements to the cognitive tests in order to
test medical competence comprehensively.

Several surgical organizations and colleges have
developed knowledge-based tests on an individual scale,
but currently, not much literature is published on the
matter. The FLS knowledge-based test has been investi-
gated thoroughly [2, 4, 22], but whether the test results
extrapolate well in real-world clinical situations is yet be
investigated.

Limitations and future perspectives

The current report provides a practical formula for the
development and validation of a cognitive test component.
Nevertheless, whether ensuring sufficient knowledge
before clinical skills training has an effect on the clinical
performance curve needs further research. Thus, we
believe that a validated knowledge test is the first step
toward examining transferability of training to the opera-
tion room.

Research has shown that students tested on material
remember that material better than if they were not tested
on the material. This is called “the testing effect” [23].
Whether the MCQ test can be used as a progress test,
taking advantage of the testing effect remains to be studied.

Knowledge tests in laparoscopy must go hand in hand
with skills training and evaluation of operative perfor-
mance [24]. The MCQ test developed in this study is the
cognitive element in a comprehensive skills curriculum for
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Abstract

simulator.

sustainable implementation.

were examined.

observed for repetitions, p=0.20.

skills after the trial, p=0.011.

S

Objective: To investigate the impact of instructor feedback versus no instructor
feedback when training a complex operational task on a laparoscopic virtual reality

Background: Simulators are now widely accepted as a training tool, but there is
insufficient knowledge about how much feedback is necessary, which is useful for

Method: A randomized trial following CONSORT Statement. All participants had to
reach a predefined proficiency level for a complex operational task on a virtual reality
simulator. The intervention group received standardized instructor feedback a
maximum of three times. The control group did not receive instructor feedback.
Participants: Senior medical students without prior laparoscopic experience (n=99).
Outcome measures were time, repetitions and performance score to reach a predefined
proficiency level. Furthermore, influence of sex and perception of own surgical skills

Results: Time (min.) and repetitions (rep.) were reduced in the intervention group

(162 min. vs. 342 min., p<0.005) and (29 rep. vs. 65 rep., p<0.005). The control group
achieved a higher performance score (%) than the intervention group (57% vs. 49 %,
p=0.004). Men used less time (min.), than women, p=0.037, but no sex difference was

Participants in the intervention group had higher self-perception regarding surgical

Conclusions: Instructor feedback increases the efficiency when training a complex
operational task on a virtual reality simulator; time and repetitions used to achieve a
predefined proficiency level were significantly reduced in the group that received
instructor feedback compared with the control group.

Trial registration number:NCT01497782

Introduction

‘For virtual reality simulation the benefits
gare clear; the drawbacks are less clear.
Throughout the last decade several studies
have found a positive effect of surgical
virtual reality training on the learning curve
and improvement of basic psychomotor
skills in the operating room.(1-5) Despite
he now well-established advantages of
irtual reality simulators, the majority of
surgical and gynecological departments
encounter  hurdles when implementing
imulator training in surgical practice.(6)
his is mainly due to concern about the time
and human resources needed to train novice
surgeons to an adequate level,(7) along with
ac%«: ‘of knowledge on how to design a
aining  program.(8) Questions have

especially been asked regarding frequency,
amount and type of feedback, ie. simple
versus escalating feedback, to obtain the
best learning outcomes in complex
operational virtual reality tasks.(9-12)

Feedback can be defined as the provision or
return of performance-related information
to the performer, and is an important part of
learning in medical education.(13) In the
laparoscopic virtual reality setting no
studies or trials have investigated how
instructor feedback affects learning to a
predefined proficiency level in complex
operational tasks, however, in more basis
tasks, such as coordination and instrument
navigation, no advantages of instructor
feedback has been found.(14) Training of




complex surgical tasks is a necessary
prerequisite in an advanced surgical training
program; therefore, focus needs to be drawn
on whether feedback is a requirement when
learning these operational skills.

Current literature suggests a predefined
proficiency level based on experts’
performance as an endpoint for novice
training rather than a fixed training
time.(15-18) Having attained a proficiency
level on a virtual reality simulator has
thoroughly been investigated and many
studies have shown improvement of
performance in the operation theatre.(2,3,5)
These studies all included use of feedback,
but their aim was to investigate transfer of
skills from the virtual environment to the
clinical setting, and not how instructor
feedback impacts performance during
simulator training. At present it is relevant
to target investigation on how instructor
feedback influences learning, additionally to
investigate amount of feedback needed to
optimize learning. Within motor skills
learning, researchers have demonstrated
that participants who self-direct their access
to instruction or feedback during practice
learn more than those whose access is
controlled externally,(19,20) but it is
uncertain whether these results apply in the
surgical training environment.

With a worldwide proliferation of
simulation centers, it is essential to explore
the optimal circumstances for simulator
training and investigate different learning
approaches, e.g, a self-directed approach
and the impact and type of feedback. We
aimed to investigate the following in a
randomized trial: the impact of instructor
feedback versus no instructor feedback
when training a complex operational task on
a virtual reality simulator. Self-directed
practice regarding when to receive
instructor feedback was applied.
Additionally, sex differences, computer
gaming skills, and self-perception were
examined during simulator training.

34

Methods and materials

The protocol for this trial has prev1ous
been published.(21)

Participants

Medical students in their 4% to 6% year (o
of 6 years) recruited through adve
tisements on websites at the surgical ay
anesthesiological student associations at th

Copenhagen University Medical Schog
Copenhagen, Denmark.(21)
Inclusion criteria: 1) Medical bache]é

degree (completion of the first three yeas
out of six at University of Copenhage
Medical School). 2) Informed consent befo;
enrolment. 3) Attendance at an 1ntroduct01;;
meeting before the trial.

Exclusion  criteria: 1) Independe
experience  with more than thre
laparoscopic  procedures.  2)  Prig

experience with virtual reality simulation
Not fluent in the Danish language. 4) Lack
informed consent.

The virtual reality simulator task and

equipment
The virtual reality simulator was
LapSim®, version 2010, produced

Surgical Science, Sweden. The virtual rea
task  was a right-side laparosco
salpingectomy due to an ectopic pregnan
At the end of each completed task,
virtual reality simulator summed up ti
spent and quality of performance, table it
and presented automated feedback, il
performance score, available for
participants. The virtual reality simula
electronically recorded data from ev
repetition. These electronic data w
transferred to a secure database by
independent investigator.

The intervention group and the control gro
Both the intervention group and the cont f
group had to reach a predefined proficiené{
level. The predefined proficiency level ij
defined and validated in a previous study Er
the same research group,(22) and Ir
referred to as the ‘expert level’ in this articl




The ‘expert level’ had to be reached twice
previously within five consecutive repetitions.
All participants were informed about the
- operational technique of a salpingectomy
‘year (OU during the obligatory  introduction
th  adver meeting.(21) Furthermore, all participants
rgical an¢ were instructed in use of the virtual reality
ions at th simulator and shown the instruction video
il SChOOE on how to perform the operational task and
_how to interpret the automated feedback
ggenerated by the simulator before the
bachelq% practice sessions began.
hree year Practice sessions were maximum three
spenhagel hours per day; the virtual reality training
ient befori was not full three hours, but it allowed for
troductor] breaks during training. Participants were
instructed to finish the practicing within a
two-month period.

dependen
n

thre
! Prig The intervention group had an obligatory
wlation. 3 feedback session placed on the first virtual
-4) Lack dreality operation and could additionally
request two instructor feedback sessions.
One instructor (the first author) provided
nd the standardized feedback and used the
same template for every participant. The

tual realit standardized and consisted of the following:
paroscopthow to hold the laparoscopic instruments
pregnancand  thereby  minimize  instrument

d up timcautery, and how to remove the fallopian
-e, table {tube. The feedback was not tailored to

for
- simulat¢7he control group did mnot receive any
rom everinstructor feedback.

Both pgroups were asked to complete a
uestionnaire before and after the trial
ertaining to perception of own surgical
ntrol gro kills on a Likert-type scale from 1 to 5,

utcome measures

rim:%r’y outcome measures: number of
epetitions and total time (min.) used to
each ‘expert leve]’,

Secondary  outcome measure: the
performance score (%) obtained when
‘expert level’ was reached. The performance
score was automatically generated by the
virtual reality simulator and based on
performance recorded during the task, table
1.

In post hoc analyses the effect of sex and
computer gaming skills were explored.

Randomization and participation

The randomization was performed by a
computer randomization at the Copenhagen
Trial Unit. The randomization procedure
was concealed and executed by using the
participants’ unique personal identification
number; the central personal registration
number. We followed the CONSORT
Statement for randomized trials.(21)

Sample size calculation

Based on data in a previous trial,(4) it was
assumed  that participants in the
intervention group and control on average
would use 30 and 40 repetitions
respectively to reach ‘expert level, ie., a
minimal  relevant difference of 10
repetitions. The standard deviation was set
to 15. With type I error set at 0.05 and
power set at 0.90, the sample size added up
to 96 participants, 48 in each group.

Statistical analysis

The data were analyzed using SPSS (Chicago,
IL), version 15.0. Two sided significance
tests were used with a level of significance =
0.05. The distributions of each outcome
measure were compared between the
intervention group and the control group
using the general linear uni-variate model.
The analyses were repeated with the co-
variate semester number and the two
protocol specified co-factors (sex, and
computer game experience) included.

If the assumptions of the model (normally
distributed  residuals and  variance
homogenecity of the groups compared)
could not be fulfilled using simple trans-
formations of the data, the distributions of




the intervention group and the control
group were compared using a non-
parametric test (Mann-Whitney).

To adjust the p values for multiple testing
Holm’s procedure was used.(23)

All of the above-specified analyses were
complete participant analyses. If a signi-
ficant effect of the intervention after
adjustment for multiple testing was noted,
three sensitivity analyses were carried out
with a Mann-Whitney test using mean
values of the primary and secondary out-
come: (1) the worst case scenario (missing
value imputed by most pessimistic value
from opposite group), (2) strong bias
(missing value imputed by most pessimistic
value in the group to which it belonged), (3)
mild bias (missing value imputed by mean
value found during the complete participant
analysis of the group to which the missing
value did not belong). These had increasing
degree of bias by replacing missing values
with constructed ones reflecting the degree
of skepticism of the observed effect.

Figures are presented in error plots showing
mean and 95% confidence intervals.

Post hoc analysis examined if sex and/or
computer game experience interacted with
the intervention. Questionnaire replies
concerning perception of own surgical skills
after the trial was analyzed with a Mann-
Whitney test.

Results

Primary and secondary outcome medasures
Participant enrolment and demographics
are presented in figure 1. All participants
reached the ‘expert level’ within a two-
month period. Average time per training
session was two hours and twenty minutes.

Table 2 shows the primary outcomes;
number of repetitions and time (min.) to
reach the ‘expert level’. It was necessary to
log transform the data in order to obtain
Gaussian  distributions and  variance
homogencity. Mean of In(repetitions) (mean
of the control group minus mean of the
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intervention group) was 0.80 (95% CI 0.
to 1.03, p < 0.0005), table 2. Mean
In(min.) (mean of the control group min
mean of the intervention group was 0.7

Both repetltlons and tlme were SIgnlﬁcan
higher in the in control group than in t
intervention group.
The performance score (%) at ‘expert lev
was significantly lower in the interventi
group (mean of control group minus me
of intervention group) 7.23 (95% CI 2.34
12.1, p=0.004), table 2.

Similar results were obtained when t
analysis was repeated with the protoc
specified co-factors included. Results wery
still highly significant when adjusted fi
multiple testing.
Three participants dropped out from t
control group in frustration. However, t
prlmary outcomes repetltlons and ti

the two groups in all three sensitiv
analyses (p=0.005 in all three analyses). T
analysis of the performance score (
obtained at ‘expert level’ was not significa
in the worst-case scenario (p=0.24) a
strong bias scenario (p=0.083), b
significant in mild bias (p=0.034) a
original data set scenarios (p=0.004).

Responses from the questionnaire show
that participants’ perception of own surgi
skills after the trial was significantly high
in the intervention group (p=0.011).

Post hoc analysis regarding sex and compu
gaming skills
Post hoc analysis showed that men

‘expert level’ than women (p=0.037), but
significant difference was observed (8O
regards to number of repetitions (p=0.2

sex and the intervention (p=0.044); t
effect of intervention seems to be mof,;he
pronounced in women than in men, figure imgn

(p=0.051) wahot
:mea

Borderline significance




3% CI 0.5¢ ¢hown in regards to repetitions in favor of
Mean of
oup minug No significant interaction was found
was 0.734 reoarding computer game experience and
5)), table 2 the outcome measures time and repetitions
ignificantly (,_0 83 and p=0.88). Participants with
han in th computer game  experience had a
 significantly higher performance score (%)
xpert level (5-0,011).
1terventio§
\inus meat peedback requests
o CI 234t Two participants did not request the second
feedback session; one feedback session was
sufficient. The second feedback session was
le protocd requested by 46 participants (96%) and
ssults wer placed around the tenth repetition (range 6
to 11 repetitions). The third feedback
session was requested by 17 participants
(35%) and was unevenly distributed from
the 14t to the 50t repetition. The average
and timé time spent on the first, second, and third
feedback sessionwas 11, 11, and 8 minutes.

men.

Discussion

Impact of instructor feedback

This randomized trial revealed that
instructor feedback increases the efficiency
regarding the amount of time and number of
repetitions needed to reach a predefined
proficiency level for a complex simulated
operation, The intervention group used less
time and fewer repetitions, and results were
overall more homogeneous compared with
the control group. However, the majority of
the control group succeeded in reaching the
predefined proficiency level, ie, ‘expert
level! without instructor feedback. We
expected that for this group of novices
lat men Epracticing a complex task the cognitive load
ould be overwhelming, That was also the
case for three participants in the control
group who dropped out due to frustration of
ot being able to reach proficiency level. The
ontrol group, however, reached a

037), but

0.044); Signifjlcantly higher performance scores than
to be mofthe Intervention group, although at a
\en, figure{Significantly slower pace. This finding was
1.051) ot unexpected; the performance score is a

easure based on time and accuracy and

increases with training, and in average, the
control group used twice the amount of time
training.

The control group assessed their own
surgical skills significantly lower after the
trial compared with the intervention group.
The validity of self-assessment is disputable
and there is a difference between confidence
and competence; improvement in con-
fidence is not necessarily translated into
better competence and better outcome.
(24,25) Nonetheless, the point of extensive
skills training is not for the trainees to feel a
decline of skills, which is an additional
argument for supplementary feedback.
Since there were no dropouts from the
intervention group it is likely that feedback
would have allowed dropouts from the
control group to reach ‘expert level’.

Learning of simple and basic laparoscopic
tasks, such as coordination and instrument
navigation, without instructor provided
augmented feedback has previously been
demonstrated in a randomized trial to be
more effective than instructor controlled
learning.(14) These basic tasks are relatively
easy to accomplish intuitively, which could
explain the different findings in our
randomized trial where the task was a
complex  operation involving  both
knowledge and motor skills. It is feasible
that trainees who initially train on the
virtual reality simulator could learn simple
tasks without instructor feedback. However,
on the basis of our findings, when
proceeding to more complex tasks we
recommend feedback from an instructor to
ensure time-efficient and correct learning.

Boyle et al. found that standardized feed-
back was associated with significantly fewer
errors and improved learning curve when
performing a hand-assisted laparoscopic
colectomy on a the hybrid simulator ProMIS
(a hybrid simulator is a video-trainer which
provides feedback) among 3-5-year surgical
trainees.(9) However, Boyle et al. did not
report how time-consuming or how




frequent feedback was provided. Boyle et al.
argues that feedback could be provided by
non-surgical staff, given the facilitator is
sufficiently familiar with the procedure and
simulator,(9) which is an argument we
endorse but need to explore further. An-
other randomized trial where the inter-
vention group had access to virtual reality
training (but no feedback) and the control
group did not train on a virtual reality
simulator, indicated that simulator training
in a non-supervised setting may not be
sufficient to increase laparoscopic suturing
skills.(26)

In contrast with previous studies,(27,28)
computer gaming experience was not a
significant predictor of time and number of
repetitions.

No baseline on the virtual reality simulator
between the two groups was assessed since
this familiarity with the virtual reality
simulator might have contaminated the
outcome. Additionally, due to the nature of
the randomization and the fact that there
was no difference in operational experience
between the two groups, it is reasonable
believe that the results reflect the true
observed differences. All participants
received the same standardized information
regarding the operational technique for a
salpingectomy at the pre-trial introductory
meeting along with review of the instruction
video generated by the virtual reality
simulator. However, whether the two
groups understanding of the procedure was
the same is unknown, nevertheless, since it
is a homogeneous group of participants it is
reasonably fair to state that they had the
same minimum knowledge level.

We did fully obtain the planned sample size,
but few participants had missing values
during the trial. The deviation of
participants was very small and we do not
believe it affects our results.

Participants indicated that instructor feed-
back positively affected the trainees’ self-
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perception of surgical skills. This findin
in accordance with other studies focusing
reactions from trainees using simulatioj
based training. Among the advantages fouy|
were: improved self-confidence and se
efficacy, and improved feeling of bei|

proficient.(29,30) However, there were
some indications of drawbacks, w §
include high levels of anxiety
stress.(31,32) Little is known about Wh1
personal and contextual factors facilitate (| (
impair transfer of learning from
simulation-based setting to the clinig|
setting, and the next ideal step would be {
demonstrate improved clinical perforrnan§
when having received standardize
feedback on a virtual reality simulator. Og|
randomized trial within endoscopic tralm
of general surgery trainees proved be
outcome on colonoscopy when systema
feedback on colonoscopy performance wi
applied,(33). It is unknown whether t };
skills required for colonoscopy a
laparoscopy are the same; nonetheless, 1t
reasonable to extrapolate the use of sy
tematic feedback to other specialties.

Sex differences in surgical virtual reah?
training ‘
Men spent significantly less time reachir
the predefined proficiency level t
women, but no difference was fou%
regarding number of r epetltlonéf;
Additionally, we found that the feedbaéi
influenced the women’s performance mo‘?
compared with that of men. These flndmgi
are in accordance with several other studl&
and yet this difference remains largeg
unrecognized and, consequently, unaddr 1
sed.(27,34,35) In an environment wheﬁi
laparoscopic training is increasing, 1t§
important that surgical curricula ackno!
ledge differences between sex to ensure fai
and personalized training opportunities. ”‘

high enough or should we ‘over train’?
Interestingly, we found that the contré
group reached the ‘expert level w1th




finding i§ gignificantly higher performance score
icusing 0% compared with the intervention group. One
mulation; jpterpretation of this is that ‘practice makes
ges found perfect’ since on average the control group
and self performed twice as many operation modul-
of being s and used double amount of time practi-
were alsg cing.
s, whict Since the introduction of virtual reality
jety an¢ simulators in surgical training ten years ago,
out Whic; the optimal endpoint for simulation training
has been a predefined proficiency level
{ based on that of expert surgeons, ie,
surgeons who have performed numerous
operations.(15-17) The current standard is
that trainees have to accomplish this level
once or twice, depending on the set up; in
our trial passing twice was applied.
‘Overtraining’ of intracorporeal suturing has
shown to be beneficial on the learning
curve,(36) and an important determinant of
nance wa skills and knowledge retention is the
amount of ‘over learning’ or additional

:opy training beyond that required for
1eless, it i proficiency.(37) Speculations could be made
se of sys on whether a pre-set proficiency level based

on experts’ performance is a sufficient level
for training. Based on our findings, we
 suggest that when planning a surgical virtual
reality curriculum an amount of over
training or continuous training should be
onsidered.

 Self-directed feedback
A self-directed learner takes responsibility
or knowledge production by becoming
i behaviorally and metacognitively active, and
jet iIncreased autonomy probably allows the
articipant to tailor knowledge production
¢to his or her specific needs.(19,38) Self-
irected access to instruction or feedback
as within the sports domain demonstrated
igher learning outcomes compared with
articipants whose access is controlled
xternally.(19,20,39) On the basis of this, we

ising, it |
la acknov

unities. :

et the intervention group decide themselves
the bar S when they requested feedback. Contrary to
Jin’? “the motor skills research in sports, which
the cont ound scattered feedback requests, our

ol with esults showed feedback requests clustered

around the tenth repetition of training. The
difference could be explained by the fact
that an operation is considered high stakes
and calls for feedback sooner, whereas in
basketball (19) it is easier to do 'trial and
error’ without it having perceived conse-
quences. Surprisingly, only one third of the
participants wanted the third feedback
session; two sessions appeared sufficient. To
our knowledge, no prior studies have
focused on the optimal time to provide
feedback in surgical virtual reality training.
Our findings with feedback placed around
the first and tenth repetition could be used
as a guideline, though it needs to be
examined further whether this result
reflects a general tendency in simulator
training.

Study strengths and limitations

One strength of this randomized trial is the
relatively large sample size compared with
previous studies on efficiency of virtual
reality simulator training. This reduces the
risk of random errors.(40) Another strength
is the conduct of central randomization as
well as blinded outcome assessment, i.e.,
outcome produced by the virtual reality
simulator, which reduces the risk of
selection bias and assessment bias.(40)
Instructor feedback was standardized to
ensure consistency and reproducibility, and
can therefore be replicated.

The major limitation is that the sample was
senior medical students and hence
generalizability of results to first-year
trainees to whom a virtual reality-training
curriculum would apply could be a problem.
The participating senior medical students
had completed all anatomy courses and the
mandatory six-month surgical stay placed
towards the end of medical school, and in
several contexts the trial participants
actually resemble first year trainees since
they often have no prior laparoscopic
training either. Moreover, the participants
were recruited from special interest groups.
In comparison with a previous trial by the
same author group where first and second




year residents performed the same
operational virtual reality task (and also
received feedback), the average number of
repetitions used to reach the predefined
proficiency level is almost identical to the
average number used by the intervention
group.(4) Whether the senior medical
students is a true resemblance to first-year
residents is unknown, thus we feel confident
that motivation to learn this kind of complex
technical skills was equally high among the

students as in first-year postgraduate
trainees.
Future perspectives

Research within the sports domain has
shown that augmented feedback can have a
dramatic effect during training. Yet, whether
this effect reflects a sustainable capacity to
perform the task needs to be demonstrated
in retention or transfer studies, e.g,
performance of a similar but different tasks
or performance in clinical practice on real
patients. Both these aspects are topics for
future research.

Conclusion

Instructor feedback increases efficiency
when training a complex operational task on
a virtual reality simulator; time and
repetitions used to achieve a predefined
proficiency level were significantly reduced
in the group that received instructor
feedback compared with the control group.
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Table 1

Based on 11 variables listed below the virtual reality simulator generates a
performance score (%) on the operational task; right-side salpingectomy, which is
available for all participants after each repetition. When all variables are within the
passing range the predefined proficiency level, i.e. ‘expertlevel’, is reached. ‘Expert
level is set and validated in a previous study (22). The performance score is calculated
on the basis of weighting of the different parameters; the better the individual
parameter, the better performance score.

Variable Passing range Weight in calculating
performance score

Total time >280 (s) 15

Blood loss >180 (ml) 15

Pool volume >10 (ml) 0

Ovary diathermy damage | >3 (s) 5

Tube cut: uterus distance >4 (mm) 5

Bleeding vessel cut 0 Fail if performed

Evacuation from body >1 Fail if not performed

Left instrument path >2 (m) 15

length

Left instrument angular >350 (degrees) 15

path

Right instrument path >3 (m) 15

length

Right instrument angular | >450 (degrees) 15

path

Table 2

Mean differences in primary and secondary outcome measures between the
intervention group and the control group

Intervention group

(n=48)

Control group
(n=43)

P value

Mean number (#) of
repetitions used to reach
the ‘expertlevel’ (CI)

Mean time (minutes)
used to reach the ‘expert
level’ (CI)

Performance score (%) at
‘expert level (CI)

29 (23.9 to 33.5)

162 (140 to 183)

49 (45 to 53)

65 (53.9 to 75.5)

342 (285 to 398)

57 (53 to 60)

p<0.0005

p<0.0005

P=0.004

CI=95% Confidence Interval
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Figure 2

Comparison of time used to reach ‘expert level’ between men and women. The effect of
intervention is significantly better in females than in males (p=0.044). Women in the
intervention group: mean 164, 95% CI 139 to 189, women in the control group: mean
409, 959% CI 326 to 493. Men in the intervention group: mean 159, 95% CI 119 to 200,
men in the control group: mean 257, 95% CI 199-315.
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Abstract

Background 1t is known that structured assessment of an
operation can provide trainees with useful knowledge and
potentially shorten their learning curve. However, methods
for phjective assessment have not been widely adopted into
the clinical setting. This might be because of a lack of
experﬁsa using an assessment tool. The aim of this present
study was to investigate if a validated laparoscopic pro-
cedure-specific assessment tool could be used by doctors
with different levels of experience.

Methods The study was conducted as an observer-blin-
ded, prospective cohort study. Three video recordings of a
right-side laparoscopic salpingectomy were distributed to
ten chief physicians, eight residents (fourth year trainees),
and two expert assessors (all in gynecology) in order to be
assessed using a validated procedure-specific assessment
tool. The three salpingectomies were selected because they
casily showed the different operational levels: novice,
intermediate, and expert. The two expert assessors, i.e., our
:gold, standard, were familiar with the OSA-LS assessment
scale, bm the chief physicians and the residents were not.
 All participants were blinded to the fact that surgeons with
different experience had performed the salpingectomies.
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ic:;'n both residents and chief physicians assess surgical skills?

Results No significant differences between the residents
and chief physicians were observed in any of the three
assessed operations: novice, p = 0.63; intermediate, p =
0.93; and expert, p = 0.93. The chief physicians and resi-
dents matched our gold standard in assessing the interme-
diate operation (p = 0.177), but not the novice operation
(p = 0.005) or the expert operation (p = 0.001).
Conclusions Residents and chief physicians generated
similar performance scores when assessing operations using
a laparoscopic procedure-specific assessment scale, and
they could distinguish performance levels between the
surgeons. They matched the assessment score of our expert
on the intermediate operation. We conclude that a proce-
dure-specific assessment scale can be used by both residents
and chief physicians when giving formative feedback.

Keywords Assessment - Procedure-specific rating scale -
Gynecology - Laparoscopy - Salpingectomy - OSATS

An increasing mumber of surgical procedures are currently
performed by laparoscopic techniques. This leads to an
increasing demand for evidence-based assessment of lap-
aroscopic skills to ensure proper education. Methods for
objective assessment are needed to assess the performance
of surgeons and are of great importance in an era with
intense focus on training [1-3)]. This has increased the
focus on the need for objective and independent assessment
of surgical skills, not only on-site assessment, but also
outside the operating room.

A number of different methods for objective assessment
of surgical skills have been developed throughout the last
decade, and several studies have addressed their validity
and reliability [1, 3-5]. It is known that structured assess-
ment of an operation can provide the trainees with useful
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knowledge on how to improve their skills and potentially
shorten their learning curve [6]. However, methods for
objective assessment have not been widely adopted into the
clinical setting because of a lack of expertise in using an
assessment tool, a lack of proper infrastructure for imple-
mentation, and cost [3].

We investigated whether doctors with different levels of
experience could use a laparoscopic procedure-specific
assessment tool. The assessment tool used was developed
and validated by Larsen et al. [7] and is a procedure-specific
rating scale called objective structured assessment-laparo-
scopic salpingectomy (OSA-LS). The OSA-LS assessment
scale is a procedural modification of the objective structured
assessment of technical skills scale (OSATS) [8, 9], spe-
cifically developed to assess laparoscopic operations.

Traditionally, surgical skills have been assessed on-site,
during the actual operation, by supervision and feedback
[4]. An advantage to the OSA-LS assessment scale is that it
can be used in both real time and video-based, the Iatter
providing the possibility to assess the performance when-
ever it is convenient. In addition, this study explored the
subjective perceptions in relation to assessment of opera-
tions performed by peers.

Material and methods

Eight residents in gynecology (in their fourth year of 5),
having performed an average of 36 independent laparo-
scopic procedures (range = 20-70), and ten chief physi-
cians in gynecology, having performed an average of
>450 independent laparoscopic procedures (range =
250-1,000), represented the two groups. The study took
place from April to July 2009. The residents group com-
prised all fourth-year residents in the region, and the chief
physicians were pointed out by the local head of the
department as requested by the study group.

All participants received three DVDs by mail, each
containing an unedited video-recording of a right-side
laparoscopic salpingectomy: one from a novice surgeon
(defined as having performed <10 individual laparoscopic
procedures), one from a surgeon with intermediate expe-
rience (defined as having performed 20-50 individual
laparoscopic procedures), and one from an expert surgeon
(defined as having performed >200 individual laparoscopic
procedures). The three salpingectomies were selected
because they easily demonstrate the different surgical skill
levels: novice, intermediate, and expert. The participants
also received three copies of the OSA-LS assessment scale.
None of the participants had used the OSA-LS assessment
scale prior to the study. The residents and the chief phy-
sicians were blinded to the training level of the surgeon
performing the salpingectomy. Both groups were requested
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not to discuss the assessment of the surgical procedy
with peers while the study was in progress.

To make sure that there were no mistakes by assess
the same video twice, both the DVD containing the o
ation and the OSA-LS assessment scale were matc
using a color code.

The participants answered a questionnaire with qy
tions on the following: (1) time spent assessing the
operations; (2) whether they had learned from watching
videos; (3) confidence with the option to give oral
written feedback to the surgeon; (4) applicability of
OSA-LS assessment scale; (5) thoughts on colleags |
assessing oneself; and (6) the possibility of improveme;
their own surgical performance was assessed.

The three video-recorded operations were assessed
previous study by two expert assessors who identified
nificant differences in the levels of surgical performance
The experts’ assessments were used as our “gold stand
assessment of the three operations. Like the residents
chief physicians, the experts had no knowledge of the
ferent training levels of the surgeons performing the
pingectomies. The two experts were senior chief physic
and codevelopers of the OSA-LS assessment scale {7].
used the OSA-LS assessment scale on more than 60 vi
recorded salpingectomies. In addition they have perforz
more than 1,000 laparoscopies each. Consequently,
decided to use their assessment as our gold standard.

Like the OSATS [8, 9], the OSA-LS assessment §
contains five items that rate general skills with respe
general surgical items and five items on skills specifi
used in a LS. Bach of the ten items is evaluated on a gl
5-point Likert-like scale, where the lowest, middle;
highest scores are defined by explicit descriptions of
formances (Table 1). Larsen et al. [7] demonstrated thal
OSA-LS assessment scale was feasible with high cons
validity and a high interrater reliability of 0.83.

In two of the operations, item 10 on the OS
assessment scale (removal of the dissected fallopian
from the abdomen) was not on the video-recorded op
tion and was therefore removed from the assessment
on all three operations. Consequently, the maximum
of each operation could sum up to 45 points.

Statistics

For each operation the assessment scores of the resi¢
group were compared to the assessment scores of
chief physicians group with a nonparametric two-sai
Wilcoxon test. When comparing the two groups witlh
gold standard, one-sample Wilcoxon was used. A
Wilcoxon test was used to evaluate whether the git
could distinguish between the different surgical pd
mance levels. k
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al procedu sessment scale, BTOG 2008 115:908-16
2 3 4 5
; by assessig
1ing the o : .
were matc Many unnecessary moves Efficient motion but some Maximum economy of

Repeatedly makes tentative or awkward
moves with instruments

Too long time used to perform
sufficiently

Frequently used unnecessary force on
tissue or caused damage by
inappropriate use of instruments

zability of -
on colleagy 4. Errors: respect for
mprovemen; Hssue

Imprecise, wrong technique in
approaching the operative
interventions

g assessed i
+ identified §
srformance

gold standa
e residents
:dge of the
yrming the
‘hief physici
t scale [7].
s than 60 Vi
have perfo
nsequently,
standard.
ssessment §

Qperanoni
operative
technique
OSA-LS specific 1 2
skills
1. Presentative of
_ anatomic
structures
2, Dissection of
 faliopian tube

Poor retraction & exposure of fallopian
tube and round ligament

Inadequate dissection of fallopian tube,
additional damage or insufficient tube
cut distance

3. Use of diathermy  Using diathermy too close to healthy

‘ - ovarian or other tissue, risk of damage
Using diathermy or cutting too close to
ovarian artery high risk of bleeding or

occlusion of vessel.

Care for Ovarian
ety and pelvic
wall
. Bxtraction of
lopian fube

Clumsily done with major difficulty to
catch the tissue, retract or get the tissue
in the Endobag

unnecessary moves movements

Fluid moves with instruments
and no awkwardness

Competent use of instruments
although occasionally
appeared stiff or awkward

Intermediate time used to
perform sufficiently

Careful handling if tissue but
occasionally caused
inadvertent damage

Careful technique with
occasional errors

Minimal time used to perform
sufficiently

Consistently handled tissues
appropriately with minimal
damage

Fluent, secure and correct
technique in all stages
of the operative procedure

Satisfactory retraction &
exposure of fallopian tube and
round ligament

Identified fallopian tube

Adequate dissection little
damage of other structures

Expert retraction & exposure
of fallopian tube and round
ligament

Clearly identified fallopian tube,

perfectly dissected no
additional damage.

Mostly safe use minimal risk of
damage

Perfectly safe use of diathermy,
no risk of damage

Perfectly safe use instruments, no
risk of cauterizing or cutting the
ovarian artery

Mostly safe use of instruments,
low risk of arterial damage

Minor difficulty retracting or
getting the tissue in the bag

Perfect retraction or, easy
placement of tube in bag

. In the questionnaire, ratings were measured with a Likert-
like scale ranging from 1 to 5, where 1 = strongly disagree,
= partly disagree, 3 = neither, 4 = partly agree,and 5 =
trongly agree. When comparing the questionnaire respon-
¢5 8 Mann-Whitney test was used.
_ Because of the sample size and the nature of the results,
‘Gaussian distribution could not be expected.
A p value (two-tailed) of <0.05 was considered to be
tatistically significant. Analysis was performed using the
tatistica] Package for Social Sciences for Windows (SPSS
nc., Chicago, IL, USA). Graphics was made using Graphpad
sm4 0 for Windows (Graphpad Software Inc., San Diego,

s of the resid
rit scores of
\etric two-5d
» groups with
1s used. AP
ether the £
t surgical P

the participants volunteered and no ethical approval
/a8 Decessary. The video-recorded operations were reused
trom another study, for which no ethical approval was
eedf:d according to the Danish National Committee on

Biomedical Research Ethics [7]. No personal data were
displayed in the video-recorded operations.

Results

The residents, the chief physicians, and our gold standard
experts were able to discriminate the three levels of surgical
experience (Fig. 1). For the novice operation, the residents’
assessment varied from 11 to 22 points (median = 17,
SD = 4.1) and the chief physicians’ assessment varied from
12 to 21 points (median = 15.5 points, SD = 2.8). For the
intermediate skill level operation, the residents’ assessment
varied from 21 to 36 points (median = 27.5, SD = 4.6) and
the chief physicians’ assessment varied from 20 to 33 points
(median = 27.5, SD = 4.0). For the expert skill level
operation, the residents’ assessment varied from 21 to 45
points (median = 36.5, SD = 7.6) and the chief physicians’
assessment varied from 21 to 45 (median = 37.5, SD =
8.1). No significant differences between the two groups were
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Fig. 1 The residents and the
chief physicians generated
similar performance scores and
could distinguish the different

50 W Residents
Chief physicians
@ Our'gold standard'

operational levels. They 40 4
matched the score of our ‘gold

standard’ on the intermediate

operation. Box plot median 30 4

score all groups, band
represents median; boxes
represents IQR; whiskers
represents range

Assessment scores on three different operations

Score on OSA-LS assessment scale

Novice operation

observed in any of the three assessed operations: novice,
p = 0.63; intermediate, p = 0.93; and expert p = 0.93.

Our gold standard assessment on all three operations
was a mean of the two experts’ assessments. The expert
assessors had exactly the same assessment score for all
three operations: 19 for the novice operation, 29 for the
intermediate operation, and 44 for the expert operation.

Since no significant differences were observed between
the residents’ and the chief physicians’ assessment scores,
the data were pooled and compared to our gold standard.
Both groups (the residents and the chief physicians) mat-
ched our gold standard for the intermediate operation
(p = 0.177) but not for the novice operation (p = 0.005) or
the expert operation (p = 0.001).

Table 2 shows the internal consistency, Cronbach’s o
coefficient, for each operation assessed by the residents and
chief physicians. The internal consistency is calculated
using the nine items assessed with the OSA-LS assessment
scale.

There was no difference in time used to assess the
operations between the residents and chief physicians. The
average time (minutes) to assess the novice, intermediate,
and expert operations was 31 (20-60), 24 (15-70), and 20
(10-60), respectively. The exact runtime was 22, 11, and
7 min for novice, intermediate, and expert, respectively.
The results from the questionnaire are given in Tables 3
and 4.

Table 2 Internal consistency (Cronbach’s ¢) of the three operations
using nine items on the OSA-LS assessment scale

Operation Residents Chief
physicians
Novice 0.79 0.69
Intermediary 0.85 0.84
Expert 0.90 0.95
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Intermediate operatien Expert operation

Discussion
Assessment of operations

We found that residents and chief physicians gene
similar assessment scores for a video-recorded la
scopic operation using the OSA-LS assessment §
Furthermore, they could distinguish operations perfo
by a novice, an intermediate skill level surgeon, an
expert surgeon. This demonstrates that this proce
specific assessment scale is usable for senior resident
chief physicians, and it can be a practical tool to faci
standardized and specific feedback and assessment.
An uncomplicated LS is a procedure that reside
obstetrics and gynecology meet early on in their tr
and would be an obvious operation for which to re
feedback. Therefore, it is an advantage that doctors
different experience levels can provide structured fee
on technical skills using the OSA-LS assessment sC
support of this, reviews have shown the effectiven
peer-assisted teaching, i.e., teaching by peers of s :
groupings [10], which, in combination with the OSA;
assessment scale, could be useful for resident training scal
The internal consistency, which estimates the reli
of the test scores, is considered good if above 0 ‘
excellent if above 0.9. We found high internal consistg=ia
scores from both the residents and the chief physiciant
the intermediate and expert operations and accept ‘
scores for the novice operation. The latter could™®
explained by small sample size or that a novice operatl
more difficult to assess due to large variation in operatl
performance. ‘
This study did not investigate the interrater agree:
as this has been thoroughly tested in a previous stud
found to be high [7].
Only the assessment of the intermediate Ope!
matched our gold standard’s assessment. For the ng
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Table 3 Questionnaire concerning assessment of operations on different levels

Operation by Residents Chief physicians
@ Novice Intermediate  Expert Novice Intermediate  Bxpert

Did the assessor leam something about 2.0 (1-4) S 3.0 (14 S 4024S  10(04S  10(1-3)S  20(1-5) S
operational procedures and techniques
themselves, median (range)

Would the assessor feel self-confident 4.0 3-5)NS 4545 NS 4025 NS 40(-5)NS 40(B-5NS 30 (2-5) NS

- if he/she were to give oral feedback

about the operation to the surgeon,
median (range)

Would the assessor feel self confident 40B-5)NS 40@-5)NS 40(Q2-5NS 40(3-5NS 40(-5)NS 3.0 (2-5) NS

_if he/she were to give written feedback
_ about the operation to the surgeon,

petation . median (range)

conception

Table 4 Questionnaire concerning assessment of operations

The assessors self-rated the questions on a scale of 1-5, where ! strongly disagree, 2 partly disagree, 3 neither, 4 partly agree, 5 strongly agree
NS nonsignificant, indicating there is no difference between the two groups, S significant, indicating that the two groups are of different

Residents Chief physicians
ment sca ed fgr instruction of the OSA-LS assessment scale before use, 1.0 (1-2) NS 1.0 (1-4) NS
erform an (range)
$P ~ e thought of a colleague assessing your operations is unpleasant, 1.0 (1-4) NS 1.0 (1-4) NS
eon, and edian (range)
i Pgocetdll Your Surgica] skills will improve if your operations were assessed 4.0 (4-5) S 3024 S
'es1aents 2

1 8 structured way, median (range)
{ to facilit

ent. . N
m onsignificant, indicatin
£ption

the expert operations, the residents and the chief
cians gave lower scores. This is not unexpected since
old standard comprises experienced assessors who are
al using the full scale, giving both minimum and
um scores. This is consistent with the literature on
ent, where it is reported that inexperienced asses-
Ve a reluctance to use the extreme categories of a
so-called “central tendency bias” or “end aversion
1]
1jor advantage of the OSA-LS assessment scale is
assessment is based on real human operations,
testing the actual performance of the surgeon.
ing to Miller’s pyramid of competence develop-
¢ top level of evaluation takes place at what he
0 as “the Does Level,” which occurs only when
18 real (human) operations [12]. The OSA-LS pro-
8 with the ability to test the competence at the Does

doctors
red feedb

rs of si
the OSA
t training.
the reliab
sove 0.8

je‘ of the OSA-LS assessment scale must be seen
five to identify different levels of performance and
2 the inexperienced surgeon’s progress over time.
9 cutoff values have been defined when using the

%é‘asst‘:ssors self-rated the questions on a scale of 1-5, where ] strongly disagree, 2 partly disagree, 3 neither, 4 partly agree, 5 strongly agree

¢ there is no difference between the two groups, S significant, indicating that the two groups are of different

OSA-LS assessment scale, but this should not prevent its
use for specific feedback and discussion during surgical
training. Because accurate clarity about the summative
function of the scale does not exist, summative assessment
is not applicable [13].

Both the residents and the consultants did not express
concern about using the OSA-LS assessment scale; they
were comfortable using it right away. This must be inter-
preted as good face validity, which addresses the users’
opinions about the functionality and realism of an assess-
ment tool and emphasizes user-friendliness of the scale [13].

Video assessment

Few studies have focused on video assessment, where the
methods for assessment are the same as in the live settings.
Video tutorials have shown to hasten skills acquisition,
teach error avoidance strategies, and help develop reflec-
tive practice in trainees [14-17]. Additionally, video
assessment can distinguish between individuals with great
differences in experience, but subtle variations evidently
will not appear [3].
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One drawback of video assessment is that it can be
rather time consuming, and an argument could be made
that the performance when video recorded might have an
impact on the assessment outcome that would be different
from an on-site assessment [3]. In vascular surgery, Beard
[18] and Driscoll et al. [19] established construct validity at
level 1b evidence with assessing a saphenofemoral dis-
connection procedure. However, the Driscoll study deals
with only two videos from two surgeons (inexperienced vs.
experienced). Another study found good correlation
between video and live assessment; therefore, this study
was of lower evidence grade: 3b [20].

We believe that there are several advantages to video
assessment, e.g., the possibility of providing feedback in
calm surroundings and the opportunity to keep track of
surgical improvement in a standardized way.

Few studies have systematically investigated whether
self-assessment through review of video-recorded opera-
tions improves subsequent performance, but it is intuitively
plausible [19, 21, 22]. To our knowledge, no study has
investigated whether watching video-recorded surgery in
general improves the viewer’s surgical performance.
Results from a questionnaire in our study showed sub-
jective gain when watching the operational videos, but this
needs further investigation in the operational setting. Two
small studies found that inexperienced surgical trainees
significantly accelerated their acquisition of laparoscopic
suturing skills simply by reviewing a video of their own
performance [22, 23]. 1t is reasonable to extrapolate these
findings to more complex tasks and anticipate a gain from
the assessor when assessing videos. It is complicated to
prove this conjecture but nonetheless worthwhile to con-
sider and an interesting perspective for further studies.

Limitations

One could argue whether our gold standard was valid
enough to be labeled as a true “gold standard,” since it
consisted of the ratings of only two experts. We believe it
is plausible because the main outcome was to investigate
whether residents and chief physicians were able to assess
a laparoscopic operation using a procedure-specific
assessment scale equally well and to compare their results
with the assessment by expert assessors. To our knowledge
no gold standard exists.

An important aspect of the study was the blinding of the
assessors to the training level of the surgeon. Unblinded
rating is less objective and can affect the reliability and
validity [3]. We believe that our findings are applicable
because the assessors represent a variety of different hos-
pitals, with different operational standards, thereby limiting
potential bias from one single hospital. Although the data
seem consistent, a limitation to this study is the small
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sample size; consequently, the results have to be in
preted with caution.

Future perspectives

One of the goals in this study was to test the usability o
laparoscopic procedure-specific rating scale outside
operating room in order to standardize and structure fee
back. Perhaps the findings of this study could be apphi
other assessment scales such as the Global Oper
Assessment of ‘Laparoscopic Skills (GOALS), develop
by Vassiliou et al. [24], or the OSATS I8, 9].

Based on the results this study, all first-year residents
our facility are now having several operations assessed
peers using the OSA-LS assessment scale to record th
surgical progress. k

Conclusion

Residents and chief physicians generated similar perf
mance scores when assessing operations using a lapa
scopic procedure-specific assessment scale, and they co
distinguish the performance levels of the surgeons.

OSA-LS procedure-specific assessment scale is usable
both residents and chief physicians when giving forma
feedback.
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) to reach proficiency level on virtual reality
55%. There was no correlation between test scores

found, the main reason being decreased motivation

lum in basic laparoscopy was validated and

n residency training. Protected training time
correlated with increasing completion rate,

Introduction

Currently it is widely accepted that new
residents should undergo initial
laparoscopic  skills training outside the
operating room on validated simulators to
increase patient safety 14, However, in spite
of convincing research demonstrating the
_advantages of laparoscopic simulators,
including virtual reality simulators 58, the
Implementation  of structured  training
Curricula remains challenging 919, This is
mainly due to lack of knowledge regarding
the best methods for training and ideal
design of curricula %11, Evidence-based
Tesearch on curricula designs and optimi-
Zation is therefore essential,

A curriculum encompasses many aspects,
such as: aims and objectives, learning
outcomes, educational strategies, and
assessment 1213, The overall aim of any
curriculum is to ensure structured teaching
of an agreed standard of skills or knowledge
within a specific field. For ga surgical
curriculum to be successful it requires
several elements, but it is important that it
contains a cognitive component, a practice
component and subsequent supervised
training in the actual clinical setting 10.14,15,

Within laparoscopic curricula the Funda-
mental of Laparoscopic Surgery (FLS) is
predominant, especially in North America.

The FLS program, which has been




extensively validated 1619, addresses both
technical skills and laparoscopic knowledge
using a multiple-choice test 20, The FLS
program utilizes low-fidelity bench models,
and skills training is therefore limited to
teaching basic skills component and not
procedural skills 21, Currently the cognitive
test is not optimal for residents in
gynecology 22,23,

The purpose of this study was to develop a
structured step-wise curriculum consisting
of validated modules in basic laparoscopy
for first-year residents in obstetrics and
gynecology with educational aims that
mirrored actua] practice. The core compe-
tencies revolved around basic laparoscopy,
integrating a knowledge component, g
procedural simulation skills  component
(training a salpingectomy on a virtua] reality
simulator), and implementation in the
clinical setting (performing a salpingectomy
on a patient).

Material and methods

Curriculum development was inspired by
the FLS brogram and the curriculum
literature 1013,14,20,24-26 by using a Step-wise
approach where each step focused on
different areas, such as practical training,
theoretical education, and assessment of
clinical work, and it also adhered to the
current principles of proficiency-based
training, distributed and deliberate practice
8,27-29, Additionally,  the curriculum
acknowledged the psychomotor learning
presented by Fitts and Posner3® and Millers
Competence assessment theory 31,

Context of the study

Danish specialty training in obstetrics and
gynecology is five years and consists of
work-based assessment, but does not in-
clude postgraduate  examinations. The
present curriculum was designed for use in
a regional setting in order to improve and
standardize a basic leve] for laparoscopic
knowledge ang technical = skills. Al
gynecological departments in the region
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were involved in the study. One projeg

Participants

First-year residents In  obstetrics ap

invited to participate.
Inclusion  criteria: 1) informed consen -
Exclusion criteria: 1) not completing the
first three steps of the curriculum within a
rforming an actug

with laparoscopy was registered, but was
hot an exclusion criterion,

The virtual reality simulator and training
modules

The LapSim® from Surgical Science,
Goteborg, Sweden. Pre-programmed  set-
tings were used for the basic skills modules,
which included: camera navigation, instru-
ment coordination, grasping, cutting, clip
applying, and lifting and grasping. As
examination  module  the upgraded
salpingectomy (a salpingectomy due to an
ectopic pregnancy) were chosen. A clinically
validated proficiency level was used, table 1
32

The LapSim software stored all performance
parameters e.g. time and repetitions to
complete a task, instrument path length
during task, and the number of errors. The
simulator provided performance feedback

on the individua] bParameters to the
participants immediately  after each
repetition.
Study design

This was an observationga] study involving
four steps, which are described Separately in
following text. The aims of the study were
explained to the Participants and informed




written consent was obtained. Participants
were free to withdraw at any stage.

Step 1: A 1-day course in basic laparoscopy.

A verbal needs analysis among ten regional
chief physicians in charge of education
focusing on future courses for residents was
conducted in 2009. It concluded that a need
for a course in basic laparoscopy existed and
subsequently three chief physicians, two
fellows, and the first author developed a
course program. It contained six theoretical
topics: laparoscopic anatomy, laparoscopic
instrument handling, entry and insufflation
techniques, and principles of electro-
surgery. All theoretic topics were presented
with 30-minutes lectures. Furthermore, the
course featured hands-on training on virtual
reality simulators and bench models. Course
instructors included three chief physicians
and two staff specialists. The regional panel
of chief physicians responsible for resident
education and head of departments in
obstetrics and gynecology accepted the
content of the course and participants were
given protected time to participate.

Step 2: A multiple-choice test in basic
laparoscopy.

For the purpose of this curriculum a
multiple-choice test containing 37 questions
revolving around basic principles in lapa-
roscopy including the procedure for a
laparoscopic salpingectomy was developed.
Development and validation of the multiple
choice test is described in a separate
publication 33,

Participants were tested a total of three
times with the same test; right before and
after the course Basic Laparoscopy (Step 1),
and again within six months. After the
Second test, participants were informed of
individual test score and incorrectly
answered questions. This was done to
_ hcourage participants to self-study.

The author group decided on a passing level
at 85%, which was based on the average

Store from chief physicians validating the
test, '

= I

g
in
re f

od

No remedies, e.g. Internet access or books,
were allowed while answering the test and
the project investigator monitored the
testing. There was no time constraint for
answering. If failing the test, the participant
was allowed another attempt after a period
of minimum two weeks.

Step 3: Structured training on a virtual
reality simulator

Participants had to complete all basic task
modules before training the examination
module; upgraded salpingectomy, Table 1.
Participants could schedule training time on
the simulator by contacting the project
investigator, and each training session was
limited to three hour. The project
investigator provided standardized feed-
back regarding instrument handling, use of
electro-surgery and operational technique
on request from participants.

Step 4: An operation (a salpingectomy)

The last step in the four-step curriculum
was to perform a real operation; a lapa-
roscopic salpingectomy. The operation was
performed under supervision at the
departments where the participants were
employed. The operation could be a
salpingectomy due to an ectopic pregnancy
or part of a larger operation where salpinx
was laparoscopically removed. The opera-
tion was subsequently assessed using the
previously validated assessment scale
Objective  Structured  Assessment of
Laparoscopic Salpingectomy (0SA-LS) 34,
The supervising surgeon or a surgeon
reviewing the recorded operation perfor-
med the assessment. There was no passing
level for the operation; the assessment
consisted of formative feedback. The fourth
step was only allowed if the previous three
steps were completed.

Questionnaire

A questionnaire was distributed after the 1-
day course concerning satisfaction with all
aspects of the course, including being tested
with a multiple-choice test. Furthermore, an




anonymized post-study questionnaire con-
cerning the curriculum and participant
perceptions was e-mailed to all participants.
The questionnaires were scored on a Likert-
type scale from one to five, where one
represented ‘strongly disagree’ and five
represented ‘strongly agree’.

Ethics

Participation was voluntary. The operation
in step 4 was performed at seven different
educational hospitals, where a laparoscopic
salpingectomy potentially can be a part of
residents training; therefore protocol did
not differ from normal standards. No patient
related information was displayed during
the recording of the operation.

Due to the fact that participation was vol-
untary and that patients involved received
standard care, no ethical approval was
needed according to the Danish national
ethics committees.

Statistics

Data was processed using SPSS 19.0 for
Windows. Non-parametric tests were used
because distributions of the obtained
answers did not justify the general use of
parametric tests. Wilcoxon test was used to
compare the different test scores from
participants. Mann-Whitney U was used to
compare results from virtual reality
simulation training. A significance level of <
0.05 was chosen.

Statistics for development of the multiple-
choice test is described separately33,

Results

Participants

A total of 52 first-year residents employed at
seven obstetric and gynecologic depart-
ments were invited to participate in the
study and all accepted the invitation, Figure
1. Average time in the obstetric and
gynecologic specialty was four months. One
participant had previous experience with
laparoscopy from general surgery.
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Step 1: A 1-day course in basic laparoscopy.
A pilot course was held before initiation of
the project, and subsequently the course
was held twice a year. In the study period
three courses were conducted and there wag
a 100% attendance rate, Figure 1. The
questionnaire  revealed an  overall
satisfaction with the course with a mean
score of 4.8 out of 5.

Step 2: A multiple-choice test in basic
laparoscopy
Participants were all tested before and after
the course, and 38 completed the third test
within six months, Figure 2. Significant
differences were found between test scores
at pre-course and post-course, p=0.001, and
between post-course and third test, p=0.001,
Figure 2. All Participants who completed the
third test passed. There was no difference in
test scores between participants who went
through all four steps and participants who
dropped out after step 3, p=0.876. On
average participants spent 30 minutes on
each test. Fourteen participants dropped out
after step 1. Reasons for dropping out are
listed in Figure 1.

Step 3: Structured training on a virtual
reality simulator

Thirty-eight participants completed the
structured simulation training. Time used on
basic skills modules and the examination
module upgraded salpingectomy is shown in
Figure 3, the mean time was 238 minutes.
The average number of repetitions to reach
proficiency level was 38, with a range of 91
(minimum 8, maximum 99). There was no
difference in time and repetitions between
participants who went through all four steps
and participants who dropped out after step
3, p=0.975 and p=0.671, respectively.
Dropouts were the same participants that
dropped out in step 2.

Step 4: The operation (salpingectomy)

Twenty-six participants completed the final
step. All participants performed a salping-
ectomy as a part of a larger operation; none



performed a salpingectomy due to an ec-
topic pregnancy. Fourteen participants had
the operation assessed immediately by the
supervising surgeon and twelve by using the
recorded operation. The completion rate
was 55% (26/47 - not including dropouts
due to change of Specialty) of the
participants. Participants going on maternity
leave were considered as dropouts due to
the exclusion criteria.

Questionnaire answers

The post-study questionnaire had a 96%
(50/52) response rate. Out of the 38 who
completed step 3 and 4, 14 reported they
had some protected training time, in average
five hours. Participants who had protected
training had a significantly higher com-
pletion rate, p=0.046. Relevant responses
are displayed in Figure 4.

Discussion

We have developed and validated each step
in a comprehensive four-step curriculum in
basic laparoscopy for first-year residents in
obstetrics and gynecology. In contrast with
most laparoscopic skills curricula, which
mainly focus on basic simulation training
and knowledge 203537 we have extended
this step-wise curriculum to also include a
procedural component allowing participants
to perform a laparoscopic salpingectomy
after having acquired the necessary skills
and knowledge outside the operating room.

Step 1: The 1-day course Basic Laparoscopy.

Intensive short courses can improve both
knowledge and skills in medicine 38, and
laparoscopic ‘hands on’ courses have also
demonstrated to improve short term
knowledge and motor skills 39, The course
content and set up for the 1-day course was
approved regionally, which indicates
acceptable content validity. Furthermore,
the course revealed good face validity due to
high ratings on an anonymized ques-
tionnaire. All participants  significantly
_Increased their multiple-choice test scores
from pre-course to post-course, which we

interpret as validation of the cognitive part
of the course.

Step 2: A multiple-choice test in basic
laparoscopy

A cognitive component is an essential part of
a curriculum 142040, and it is important to
ensure a basic understanding of surgical
principles and equipment. Tests and
assessment are powerful motivators for
learning and can encourage residents to
study on their own and participate in avail-
able educational opportunities 4142, We
wanted to make use of this potential
motivation to self-study by testing the
participants again after returning to their
respective departments, and all participants
actually increased their test scores the third
time. However, we tested the participants
several times with the same test, which
could be a bias; the participants might im-
prove their performance simply because
they recognize the test. Furthermore, being
tested three times could have induced some
test-enhanced learning, which could have
increased test scores. This last-mentioned
phenomenon, test-enhanced learning, is not,
in our opinion, unwarranted since it has
shown to increase knowledge 3444445,

It would have been optimal to test the MCQ
test on a resident control group who did not
go through the four-step curriculum to
compare progress.

Palter and Grantcharov recently conducted a
randomized study assigning the inter-
vention group to a comprehensive curri-
culum in laparoscopic right hemicolectomy,
involving virtual reality training and
knowledge testing, and the control group to
traditional training. In addition to finding
improved technical performance in the
actual operation room, the study demon-
strated that the curriculum trained group
improved cognitive knowledge related to

performing the advanced surgical procedure
46

Step 3: Structured training on a virtual
reality simulator




Reaching proficiency level on the operation
module upgraded salpingectomy improves
performance in the operation room 5. This is
substantiated by other studies involving
virtual reality simulators 68, although some
of these studies only tested basic skills
modules such as coordination and navi-
gation. We found major individual varia-
bility in training time and repetitions to
reach the proficiency level, which clearly
supports proficiency-based training in
contrast to time-based training, The major
advantages of proficiency based training
over a fixed number of repetitions includes
self-paced practice and goal-directed lear-
ning, which can lead to a maximal training
benefit 3547, Additionally, proficiency-based
training can be tailored to the individual
participant 81027, and there is a consistency
of the final result, because all residents are
expected to reach the same performance
standard.

There is still no evidence on the predictive
validity of simulation training, i.e. whether
some residents should be advised to change
specialty due to poor performance on a
simulator. This is a controversial topic and
further research is required before the use
of simulators for this purpose can be
considered %

Standardized instructor feedback was pro-
vided upon request and was therefore not
distributed evenly to participants, which
potentially could have contributed to the
scattered performance. A randomized study
by our research group recently found that
instructor feedback reduced training time
by half when training operational modules
on a virtual reality simulator 48,

Step 4: The operation (salpingectomy)

The purpose with the fourth step in the
curriculum was to link the skills and
knowledge obtained in the preceding three
steps to daily clinical work. It is highly
relevant that learners engage in clinical
activity after simulation training and receive
assessment on performance 4% The OSATS-
based assessment scale OSA-LS is
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thoroughly validated as an assessment tool
3, and we have previously demonstrated
that doctors with different educational
levels can use the OSA-LS50. Nonetheless,
there might be some variability in assess-
ment score depending on the assessors and
depending on whether the assessment was
performed ‘live’ i.e, right after the operation
or by video assessment. Consequently, we
did not choose a cut-off value for the
assessment of the operation. Additionally,
current assessment literature does not
support a cut-off value 51, Furthermore, the
current four-step curriculum was designed
as a skills training intervention, not a
screening examination.

The participating departments had agreed
to provide the participants with an opera-
tion after completion of the first three steps;
however, several participants were not
offered this operation, mainly due to logistic
challenges with the operating schedule.
Whether this reflects lack of interest to
participate, or missing information about
the curriculum on all levels of the
organization is unknown. Conducting a
multi-center study can be difficult, and a
careful analysis of the actual logistical
conditions is essential when designing and
implementing a curriculum.

Participants who did complete the operation
step reported in the questionnaire that the
‘door had opened to more surgery’, thereby
allowing them to learn laparoscopic surgery
that they otherwise would not have
performed at their educational level.
Furthermore participants mentioned that
the reward, ie. getting the laparoscopic
operation, was motivation for participating.

Assessment of the structured four-step
curriculum

Several participants dropped out of the
study, the majority due to lacking moti-
vation. In an anonymized questionnaire the
dropouts informed that the missing support
from their departments, e.g, protected
training time, was the main reason. In a
similar study involving skills training, the




attendance rate leaped from 6% to 71%
when time was dedicated specifically to
skills training and supervision staff were
hired °. In the current study completion of
all four steps was correlated with pre-
determined training hours. This is
consistent with other studies that also finds
protected time an effective strategy 3552, and
efforts must be made to secure protected
laparoscopic training time,

Motivation to participate was addressed in
the questionnaire but not investigated in a
structured way. Kusurkar et al. reported
that existing research suggests the learning
environment plays an important role in
enhancing motivations3, and a future study
should encompass focus on both intrinsic
motivation, such as personal improvement
and interest, and extrinsic motivation, such
as assessment and feedback.

Several participants did not complete the
four-step curriculum due to maternity leave.
This will continue to be a challenge in
curriculum  planning 54 underlining the
importance of a flexible curriculum.

Miller has described a framework of clinical
competence assessment with increasingly
complex levels of skills performance 31. The
pyramid consists of four levels: knows,
knows how, shows how and does. The four-
step curriculum is in accordance with
Miller’s framework, Figure 5. Furthermore,
the four-step curriculum supports Fitts and
Posner’s established theory of motor-skills
acquisition involving threes-stages to lear-
ning a new skill; a cognitive phase, a
associative phase, and a autonomous phase
%9, figure 5. Involving such frameworks in
curriculum design provides a structured
layout.

The important question is whether the
desired goal has the intended outcome, i.e.,
did the participants actually gain skills and
knowledge. It is not an easily answered
question, nevertheless, the literature
Supports the hypothesis that practice is an
Important determinant of outcome 465556,
The most convincing way to scientifically
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justify a curriculum’s existence would be to
set up a randomized trial with an inter-
vention group and a control group. How-
ever, in the present study we decided it was
ethically unacceptable to conduct a ran-
domized trial with patients as training
models (traditional training), due to the
mounting evidence in favor of simulation
training. We acknowledge that this study
does not have the advantage of comparing
results to a control group.

We propose a four-step curriculum in basic
laparoscopy containing a course component,
a knowledge component, a virtual reality
training component aided by instructor
feedback, and an operational component
with subsequent formative assessment. If
the laparoscopic procedure, the fourth step,
is not completed within six months initial
simulation training, training must be
repeated 57. Surgical curriculum develop-
ment is a top priority for the 21st century 58,
and we believe this blueprint for a Step-wise
curriculum is applicable in other specialties.

Future perspectives

The four-step curriculum is now a part of
regional residency training and continuous
efforts will be made to make it obligatory.
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Based on 11 variables listed below the virtual reality simulator generated a performance score
(%) on the examination module upgraded salpingectomy, which were available for all
participants after each repetition. When all variables were within the passing range predefined
proficiency was reached. The predefined proficiency level was set and validated in a previous

study 32

Variable Passing range Weight in calculating
performance score

Total time >280 (s) 15

Blood loss >180 (ml) 15

Pool volume >10 (ml) 0

Ovary diathermy damage >3 (s) 5

Tube cut: uterus distance >4 (mm) 5

Bleeding vessel cut 0 Fail if performed

Evacuation from body >1 Fail if not performed

Left instrument path >2 (m) 15

length

Left instrument angular >350 (degrees) 15

path

Right instrument path >3 (m) 15

length

Right instrument angular | >450 (degrees) 15

path




Figure 1
Flow chart for enrollment in the four-step curriculum in basic laparoscopy.

Participants

(n=52)

First-year residents in obstetrics and gynecology participating a four-step laparoscopic curriculum

Step 1
The 1-day course Basic Laparoscopy with theory
sessions, hands on sessions, and MCQ lest

(n=52)

Step 2
Thearetical testing on MCQ test (third time testing)
(n=38)

Step 3
Structured virtual reality simulation training, training
both basic skills modules and the operation module ||

Dropouts (n=14)
Reasons:
Malernity leave (n=3)
Change of speciality (n=4)
No interest in study (n=7)

Upgraded Salpingectomy

Step 4
Operation (a salpingectomy), and subsequent
assessment on the OSA-LS assessment scale*
(n= 26)

Dropouts (n=12)
Reasons:
Maternity leave (n=3)
Change of speciality {n=1)
Loss of motivation (n=1)

)

70

Not being able to obtain operation (n=7




Figure 2

Box plot showing multiple-choice test scores at three different times. Significant differences
were found between pre-course and post-course scores, p=0.001, and between post-course
score and the third test, p=0.001. Minimum and maximum scores (whiskers) and medians are
presented. The boxes represent 25t and 75t percentiles.
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Figure 4
Answers from the post-study questionnaire.
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Figure 5

The structured four-step curriculum in relation to Miller’s framework of
competence and assessment in education. Furthermore, Fitts and Posners three-
stage theory on motor skills learning is applied.
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Discussion

Outline

On the basis of the current curriculum literature, we developed a four-step
curriculum in basic laparoscopy with clear educational objectives that mirrored
actual practice. This four-step curriculum was developed in Study IV, and Studies
I, 11, and IIT were developed jointly to substantiate and validate each step. Figure
4 shows the different steps of the curriculum and the interaction of the different
studies. Each step of the four-step curriculum is discussed separately.

Study 3
Investigation of whether
doctors with different
educational levels can
assess operations

Step 1 Step 2 : Step 3,
The 1-day course Multiple-choice Structured virtual Step 4
Basic Laparosco test in Basic reality simulation An operation
Py Laparoscopy training

Study 2 Study 4
Investigation of the Development and
impact of instructor validation of the four-step

feedback when training curriculum in basic

Study 1
Development and
validation of a knowledge
test in basic laparoscopy

an operational task on a laparoscopy for residents
virtual reality simulator

Figure 4. The four studies constituting this thesis linked together to validate the four steps in
the four-step curriculum.

The first part of the Discussion chapter is a brief summary of each study. The
second part discusses each step of the four-step curriculum individually in
relation to Studies I, I, III and IV and existing literature. The third part reviews
some limitations related to the studies, and the final part of the chapter discusses
perspectives and future studies.




Summary of the four studies

Study I: ‘Development and validation of a theoretical test in basic laparoscopy’.

Through interviews with four experts in laparoscopy and subsequently through
a Delphi audit involving regional laparoscopic surgeons, a test with 37 multiple-
choice questions in basic laparoscopy was developed. The test could
discriminate between medical students and doctors at different educational
levels, i.e., it showed good construct validity; furthermore, there was no evidence
of differential item functioning.

Study II: ‘Instructor feedback versus no instructor feedback on performance in a
laparoscopic virtual reality simulator: a randomized trial’,

This randomized trial with 99 participants demonstrated that instructor
feedback significantly increased efficiency when training a complex operational
task on a virtual reality simulator. The intervention group, who received
standardized instructor feedback for 20-30 minutes, used half the amount of
time and number of repetitions to reach a predefined proficiency level compared
with the control group. Three participants in the control group dropped out due
to the frustration of not being able to complete the task. The control group
reached the predefined proficiency level with a higher performance score than
the intervention group.

Study III: ‘Can both residents and chief physicians assess surgical skills?’

Through a cohort study, we demonstrated that senior residents and chief
physicians in gynecology were equally able to assess laparoscopic operations on
the basis of a previously validated assessment scale: Objective Structured
Assessment of Laparoscopic Salpingectomy (OSA-LS). Both groups revealed no
difficulties when utilizing the assessment scale.

Study IV ‘A four-step curriculum in basic laparoscopy: development and
validation. A curriculum blueprint’

A curriculum containing four steps was developed: Step 1) 1-day course in basic
laparoscopy, Step 2) A multiple-choice test in basic laparoscopy, Step 3)
Structured virtual reality simulation training, and Step 4) Operation on a patient
with subsequent formative assessment. A cohort of 52 first-year residents signed
up for the study. There was 100% attendance during the first step, and 55%
completed all four steps. There were several reasons for dropping out; the main
reason was the voluntary nature of the study. Additionally, some logistical
problems were identified for Step 4.
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Assessment of the four-step curriculum in basic laparoscopy

When focusing on assessment the two key concepts validity and reliability are
essential elements. Traditionally, validity is divided into several facets, such as
face validity, content validity, construct validity, and predictive validity. Validity
is based on various aspects of clinical competence and cannot be expressed as a
simple coefficient 6566, It a]] adds up to the question ‘does the assessment
instrument produce the desired educational outcome?’ In the four-step
curriculum in basic laparoscopy, each of the four steps was researched regarding
validity and is described separately.

Reliability refers to the consistency of a measure; a measure is said to have a
high reliability if it produces consistent results under consistent conditions 35,

Step 1. The 1-day course Basic Laparoscopy

' Sl Step 2 Step 3

 Theld a};r Ol Multiple-choice Structured virtual Step 4

L : test in Basic reality simulation An operation
el Laparoscop Y Laparoscopy training

The 1-day course, Basic Laparoscopy, was developed on the basis of a regional
needs analysis. The aim of the needs analysis was to design a course that
structured knowledge of basic laparoscopy among first-year residents in
obstetrics and gynecology. It has been demonstrated that attending short,
intensive courses can improve both knowledge and skills in evidence-based
medicine 67, and laparoscopic ‘hands on’ courses have also shown to improve
short-term knowledge and motor skills 68, The course content and set-up for the
1-day course was approved regionally, which is an indication of acceptable
content validity.

In Kirkpatrick’s four levels of evaluation, the reaction evaluation shows how the
participants feel after the training and learning experience. In an anonymized
questionnaire the participants gave the course a high rating, which displays good
face validity —and good reaction evaluation. The learning evaluation, which is
the measurement of the increase in knowledge from before to after was
satisfactory; all participants significantly increased their test scores from pre-
course to post-course. Three courses were conducted during the study and the
good evaluation of all the courses is an indication of reliability.

Kirkpatrick mentions three reasons for evaluating a course. The first is to justify
the existence and budget by showing how it contributes to the organizational

75




objectives and goals; the second is to evaluate whether the current course should
continue; and the third is to retrieve information on how to improve future
training sessions 27. All three reasons are met in the 1-day course, Basic
Laparoscopy, since it fulfills demands on the organizational level as well as on
the individual level.

Step 2. The multiple-choice test in basic laparoscopy

Step2 . Step 3
Multiple-choice Structured virtual Step 4
test in Basic reality simulation An operation
SCC training

Step 1
The 1-day course
Basic Laparoscopy

A cognitive component is an important part of any curriculum and is expected
to provide basic understanding of the surgical principles and knowledge in
order to handle unexpected events 746, A supporting argument for this was
demonstrated in a randomized study finding that cognitive skills training
enhanced ability to correctly execute a surgical task 9. Nonetheless, structured
testing of basic procedure-relevant knowledge in the surgical domains is not
standard practice.

Resident training may vary from hospital to hospital, and in order to facilitate
homogeneous learning—regional or national—a unified test can facilitate
knowledge and aid accomplishment of key curricular goals 70,

The knowledge test developed in Study I was based on inputs from laparoscopic
experts and subsequently validated by a consensus panel consisting of chief
physicians. It is therefore reasonable to state that the content sampled is within
the domain of interest and thereby content valid. We cannot, however, rule out
that there was a selection bias, i.e,, different experts would have produced
different results.

The test proved to be construct valid due to its ability to distinguish between
different educational levels. Furthermore, good face validity was met; the
residents rated testing high on a questionnaire, commenting positively on the
challenge of test taking.

According to Kirkpatrick’s evaluation model, behavior evaluation is the extent of
applied learning back on the job—the implementation. Measurement of behavior
change is more difficult to quantify and interpret than reaction and learning
evaluation is. Evaluation of implementation and application is an extremely
important assessment; there is little point in a good reaction and good increase
in capability if nothing changes back on the job. Evaluation is therefore vital,
albeit challenging. The significant increase in the test scores after the third test
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(after the residents had returned to their departments) could be viewed as
positive behavior evaluation or implementation of knowledge. However, we
tested the participants several times with the same test, which could be a bias:
participants might improve their performance simply because they recognize the
test. Further, being tested three times could induce some test-enhanced learning
7172, which then increases test scores. This last-mentioned phenomenon, test-

enhanced learning, is not, in our opinion, unwarranted since it has shown to
increase knowledge 71-73,

Tests and assessment are powerful motivators for learning and can encourage
residents to study on their own and to participate in available educational
opportunities 79, However, in Denmark there is no postgraduate testing or
examinations to pass during specialty training, only in-training and work-based
assessment. Due to the findings in Study I, it could be of interest to integrate
validated tests in other curricular activities.

Step 3. Structured virtual reality simulation training

Step 1 Step2 Step3 —
The 1-day course Multiple-choice | £ StruFturfed virtual Step 4
Basic Laparoscopy testing in Basic reality simulation An operation
Laparoscopy ' training

The laparoscopic salpingectomy was chosen as an index operation for several
reasons. First, laparoscopic salpingectomy is a key operation in gynecology. It is
used for the potentially life-threatening condition ectopic pregnancy and should
be mastered by all gynecologists and obstetricians working on call duty. Second,
the procedure possesses the necessary complexity for the assessment of
laparoscopic skills and can be trained on the LapSim simulator, and third, a
previous study has shown transfer of skills to the operation room after reaching
proficiency level 1. Basic skills tasks were also practiced since practicing a variety
of cases and learning from errors is required for development of complex skills
7475, Gaudagnoli’s framework indicates that when trainees reach their challenge
point, no new learning will take place unless they are challenged with a task of
increased difficulty 76. The virtual reality simulator offers many tasks with
different levels of complexity training, which is a continuous challenge for the
trainees. It is uncertain whether some of the virtual reality tasks were too
difficult, which could have hindered further learning due to cognitive overload.

The large variability in training time and repetitions to reach a proficiency level

portrayed in Studies I and IV clearly support proficiency-based training, also
referred to as goal-oriented training, in contrast to time-based training. The
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major advantages of proficiency-based training over a fixed number of
repetitions include self-paced practice and goal-directed learning, which can lead
to a maximal training benefit 4977, Additionally, proficiency-based training can be
tailored to the individual participant 3760, and there is consistency in the final
result as all residents are expected to reach the performance standard.

Itis a controversial topic, without sound evidence, whether simulation
accomplishment has predictive validity, i.e. whether some residents should be
advised to change specialty due to poor performance on a simulator. Further
research is required before the use of simulators for this purpose can be
considered >3, Previous work has portrayed four types of learning curve:
individuals who demonstrate proficiency from the beginning, individuals who
achieve proficiency between the second and ninth repetition, a third group that
demonstrates the slow acquisition of skills but that cannot achieve proficiency
by 10 repetitions, and a final group that underperforms from the beginning and
shows no tendency towards skills improvement 78, The study tested only 10
repetitions per task and included a small number of participants, which is
currently insufficient to reject individual residents.

Questions have been asked as to whether there is a need for instructor feedback
when training on a high-tech virtual reality simulator. The simulator generates
detailed objective feedback, but is that sufficient? Within medical education it is
well accepted that feedback is an essential component of the teaching and
learning process 357981, Constructive feedback can, among other things, provide
the learner with insight into own actions and clarify goals and expectations.
When training basis tasks, such as coordination and instrument navigation, no
advantages of instructor feedback have been found 82. However, in Study II we
found that instructor feedback significantly increased efficiency regarding time
and repetitions to reach proficiency level for a complex virtual operation. This is
important when planning a curriculum; instructor feedback provides
information about the number of human resources that need to be allocated to
skills training.

The standardized feedback provided in Study I was more of directional
character than interaction between teacher and learner, which feedback
normally is. We chose this method because we did not want any contamination
of the intervention, which could be the case if feedback was individualized. It is
feasible that the benefits of feedback during virtual reality training would be
even greater if it went two ways, i.e., between teacher and learner, and could be
tailored to the individual trainee.

The self-assessment regarding own surgical skills after participation in Study II
revealed that the group who did not receive feedback assessed themselves lower
compared with the group who received feedback. Although self-assessment is
disputable, individuals who believe they are good at a certain task are more
likely to engage in more practice and take on more challenging tasks 83-85, [t
would be interesting to follow the participants and observe their future clinical
career choices.
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The major limitation of Study I is that the sample was senior medical students
and hence generalizability of results to first-year trainees to whom a
laparoscopic virtual reality curriculum would apply could be a problem. The
participating senior medical students had completed all anatomy courses and the
mandatory six-month surgical stay placed toward the end of medical school;
however, they resembled first-year trainees in several ways because they often
have no prior laparoscopic training. In comparison with a previous study by the
same author group where first and second year residents performed the same
operational virtual reality task (and also received feedback), the average number
of repetitions used to reach the predefined proficiency level was almost identical
to the average number used by the intervention group in Study II 1, Whether the
senior medical students are a true resemblance to first-year residents is
unknown, thus we believe that motivation to learn this kind of complex technical

skills was equally high among the students and the first-year postgraduate
trainees.

Training laparoscopic skills, and especially complex operational tasks, on a
virtual reality simulator allows the trainee to move from the cognitive phase to
the associative phase—and perhaps also to the autonomous phase—of the three-
stages presented by Fitts and Posner 2°, The learner starts at the cognitive phase
trying to intellectualize the task, both for basic skills tasks and operational
modules. This step will begin with irregular performance, but with continued
improvement and relevant feedback, the learner moves to the next phase: the
associative phase. Here the learner progresses to a more regular performance,
and knowledge is translated into appropriate behavior. In the last phase, the
autonomous stage, the learner does not have to reflect upon hand movements,
and in this phase there should be mental capacity to concentrate on other
aspects, for instance, anatomical variations and unexpected findings related to
the procedure.

It is uncertain whether all participants in this thesis reached the autonomous
phase since some might still have been on the ascending part of the learning
curve. This is substantiated by the fact that the control group in Study II ended
with a better performance score because of the extensive time training on the
simulator. Nevertheless, it is possible to reach the autonomous phase in a
simulated environment with continuous training.

Step 4. An operation

Step 1 Step 2 Step 3 ,
The 1- deap course Multiple-choice Structured virtual Step 4
; Y testing in Basic reality simulation An operation
Basic Laparoscopy !

Laparoscopy training




Simulation training must be complementary rather than supplementary to
workplace learning 53, and although the operational virtual reality task
salpingectomy has shown to improve operative performance, it is important not
to overreach the capabilities of the virtual reality simulator 52. This is one of the
reasons for integrating an operational step linked to formative assessment.
However, if the assessment of the operational step was of summative character
with a pass or fail, it might be an attempt to measure clinical performance in
areas that are beyond those trained in the virtual reality simulator.

This operational step of the four-step curriculum aimed to connect skills and
knowledge obtained in the preceding three steps to clinical reality. It is highly

relevant that learners engage in clinical activity after leaving the skills laboratory
55

Another reason for integrating an operational step was the idea of a rewards
system in which residents were offered the opportunity to perform in an
operation after completing proper simulation training. All involved departments
agreed to contribute to this reward by allowing the residents to perform an
operation under supervision. However, several participants were not offered the
operation due to logistical challenges when planning the operation schedule.
This is one of the difficulties when conducting a multi-center study, and ongoing
commitment from participating departments about the process and progress is
essential for successful implementation of a curriculum 35,

The strategy during the four-step curriculum was to reflect social pressure
towards collaboration rather than competition in education. None of the
participants experienced disapproval from their respective departments about
participation; however, only few reported support. Whether this reflects lack of
interest in participation or missing information about the curriculum on all
levels of the organization is unknown.

Several tools for assessment of technical skills have been investigated and, in
particular, the well-established Objective Structured Assessment of Technical
Skills (OSATS) ss#7 is currently accepted as the gold standard for objective skills
assessment 88, Larsen et al. developed and validated a laparoscopic procedure-
specific assessment scale sequel to the OSATS scale; the Objective Structured
Assessment of Laparoscopic Salpingectomy (OSA-LS) &.

In Study III we investigated whether doctors with different educational levels
were able to use the OSA-LS assessment scale with the purpose of integrating it
into daily practice. The study demonstrated that senior residents and chief
physicians were equally able to assess laparoscopic operations along with high
face validity regarding use %. The two groups matched the experts in only one
assessment out of three. This could be due to several reasons; one is whether our
gold standard, i.e., our two expert assessors, is a true gold standard or whether
there is a selection bias. The other reason could be the relatively small sample
size. However, since the residents and chief physicians represent a variety of
hospitals and could still produce similar ratings, we conclude that the
assessment scale can be used for formative assessment. Further research is
needed before using assessment scales such as the OSATS and OSA-LS for
summative assessment s,
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It is important to not only focus on the outcome of one operation; the

fundamental and structured element of laparoscopic ratiocination for future
learning also needs to be considered.

Reflecting Kirkpatrick’s model, the results evaluation is the effect on the
environment by the trainee, and even though is it plausible to state that the
residents have more skills and knowledge after participation in the curriculum, it
is still difficult to measure on results in the clinical situation. Additionally,
external factors greatly affect organizational performance, which can cloud the
true cause of good or poor results. Several residents reported that ‘the door
opened to more surgery’ after participation in the four-step curriculum, which
allowed them to perform laparoscopic surgery that they would otherwise not
have trained at their educational level. This effect on the environment could be
viewed as a result of the curriculum.

All four steps

Step 1  swp2 | Swens '.
The 1-day course _ Multiple-choice | Structured virtual Step 4

o

: o | testinginBasic | reality simulation An operation
B?S?? La‘?—‘"‘?"??“’?;’ ] laparoscopy training

Due to mounting evidence favoring simulation training, patient considerations,
and operating room efficiency, there is no longer any alternative: initial surgical
skills training must take place in a simulated environment.

We have proposed a four-step curriculum in basic laparoscopy, which primarily
takes place outside the operation room, but also links trained skills to clinical
practice.

The key question must always be whether the desired goal produces the
intended outcome; did the participants actually gain skills and knowledge from
attending the four-step curriculum? It is not an easily answered question since
training and practice do not equal learning. Nevertheless, the literature supports
the hypothesis that practice is an important determinant of outcome °192, and a
randomized study has shown improvement of both knowledge and skills after
completing a surgical curriculum 52, Further, it is fair to state that if proficient
skills and knowledge in laparoscopy are present, time in the operating room can
be allocated to learning more complicated operative techniques 3193,

Formative assessment can be expressed as ‘what ways can training be modified
to increase its potential for effectiveness?’ and summative assessment as ‘was
training effective?’ 28, In the four-step curriculum formative assessment is
predominant because the assessment occurs in manageable, repeatable and
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increasing steps. However, summative assessment is also present since there is a
set endpoint in terms of a passing level for both the test and the virtual reality
training where there is an assessment of effectiveness. To date, the curriculum is
not mandatory, but, potentially, it could become a mandatory part of residency
training, making it a high stakes summative assessment. However, it is important
not to focus only on certification, given that there is a risk that essential learning
will be lost. The challenge, therefore, is to connect formative and summative
assessment %4,

Several participants dropped out of the curriculum, the majority due to lacking
motivation. Whether this was because some had already chosen the obstetrics
side of the specialty or that training had to occur in their free time is not entirely
known. In an anonymized questionnaire, the dropouts informed that lack of
support from their departments, i.e., protected training time, was the main
reason. This could be categorized as a system-related influence 3, whereas
individual-related influences encounter, e.g,, internal motivation. Even though
learners must take responsibility for their own skills development, it is
important that they have support from their departments as this can affect the
encouragement they receive and their motivation 31.

In a similar study the attendance rate leapt from 6% to 71% when time was
dedicated specifically to skills training and supervision staff were hired 6. In the
current study, completion of all four steps in the training program was
correlated with predetermined training hours, known to both the resident and
the faculty. This is consistent with other studies that also find that protected time
is the only effective strategy 49959, and conscientious efforts must be made to
secure protected laparoscopic training time.

How certification of skills within medical specialties is managed varies between
countries. In some countries it is the specialty associations or boards that
determine the standard and in others it is the board of health or universities 97,
This can affect decision-making for development and the following
implementation. Nevertheless, irrespective of whether a curriculum, and its
certification, is regional, national or international, the most important part is the
validation, thereby establishing a valid process for assessment and reporting,
and ensuring uniformity %,

Following Miller’s theoretical framework, we believe the four-step curriculum
can be matched to the four levels of the pyramid, Figure 5. In each step the
trainee progresses through the cognitive and practical steps that underlie the
following step. Miller’s does level does not reveal competence, just performance.
This additional step is added in Rethan et al.’s work, highlighting the need to
assess true clinical performance in addition to true competence at performing a
practical skill %, which is much like the fourth step in the four-step curriculum.
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Figure 5. Linkage between Miller’s competence pyramid and the four-step curriculum

In the light of the current thesis, we have found that a skills curriculum is not a
steady state: it is a process that should be tailored to individual needs, Figure 6.
The completion rate demonstrated that there are still several considerations to
be made about, for example, in which order the four steps occur. There is no
doubt that the fourth step, the operation, must be placed last, but, due to logistic
considerations, the other three steps could be in random order to ensure more
flexibility, both on an individual level and on an organizational level.

As portrayed in Figure 6, education is a process where a curriculum is a co-
player. It is difficult to determine what step comes first in education; it is more
rational to view it as a dynamic process between assessment and learning,
teaching and a curriculum.

This dynamic process can also be considered in the light of Miller’s pyramid.
Some levels might need repetitions, e.g. step down one level and repeat if
necessary.

Teaching
and learning

Education

Curriculum Assessment

Figure 6. The dynamic process of education
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The main reason for the various improvements in skills training is undoubtedly
to improve patient safety, and the simulated setting can be the start of a growing
pattern of personal development that interweaves practical skills with other
elements of professionalism. Nonetheless, this cannot be done in a single
curriculum: it is an ongoing process throughout a medical career.

Limitations

Some limitations are outlined under the individual steps.

One could argue whether it is reasonable to use the term validate about the four-
step curriculum since the results are not compared with the performance of a
control group. As mentioned in the background chapter, we decided not to
conduct a randomized trial with a traditionally trained control group due to
ethical considerations. Nevertheless, that would have been the ultimate
justification of a curriculum.

We firmly believe that all steps in the four-step curriculum have been validated
individually, although the fourth step, the operational step, was not measured on
summative outcome. We deliberately did not choose a cut-off value for the
assessment of the operation, because it is not supported in the present literature
88 and because the nature of the curriculum is a skills training intervention, not a
screening examination.

During the development of the four-step curriculum, we involved doctors mainly
from a regional setting and therefore the curriculum is not necessarily nationally
representative. If the four-step curriculum were to be implemented nationally, a
validation process involving the other regions would have to take place.
However, we tried to accommodate a broad range of views on laparoscopy by
involving all hospitals in a region, small as well as large.

Perspectives and future studies

The findings in the present thesis have contributed to implementation of
obligatory training of basic skills and operational tasks on a virtual reality
simulator in the national statement of aims. However, the whole four-step
curriculum is still voluntary; we believe it should be mandatory. Furthermore,
the 1-day course, Basic Laparoscopy, is now a permanent part of residency
training in two of three regions in Denmark.

To optimize surgical performance and reduce errors, not only among novices,
but also among laparoscopic inexperienced older doctors, simulation training
could be of value. Simulation training needs to become an inherent part of
training for all doctors involved in surgery. All doctors can learn from practicing.

It is important to continually develop the four-step curriculum to keep it
contemporary. Furthermore, a future study should develop a curriculum for
more senior surgeons with advanced laparoscopic procedures. The virtual
reality simulators improve almost from day to day, and new virtual procedures,
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such as laparoscopic hysterectomy, are now available. Additionally, it would be
interesting to elaborate in the field of expert performance and deliberate
practice, which is the highest level of technical skills acquisition, in relation to
the domains of surgical simulation.

Conclusion

We propose a flexible four-step curriculum in basic laparoscopy that is patient-
safe, efficient and accommodates ethical considerations.
The four-step curriculum should contain:
e A 1-day hands-on course in basic laparoscopy
e A validated multiple-choice test revolving around basic laparoscopic
principles and procedures.
¢ Structured virtual reality simulation training involving procedure
modules and with instructor feedback.

e An operation of trained virtual reality procedure with subsequent
formative feedback.
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