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INTRODUCTION 
Minimally invasive surgery, and laparoscopy in particular, have 
revolutionised surgical care (1). The implementation of operative 
laparoscopy has reduced the duration of hospital stay and the 
convalescence period and has helped improve patient outcomes 
and enhance recovery after surgery (2, 3). Laparoscopy has gone 
through a series of developmental phases and has become the 
primary choice as a surgical technique (4). Laparoscopy is what 

surgical trainees across the different specialties are trained to do 
when performing surgery. Although the laparoscopic technique 
has many benefits, implementation was a challenge. Laparoscopic 
skills are very different to those used in open surgery and require 
specific training (5). The need for more training was recognised in 
the early phases of the development of the laparoscopic tech-
nique (6, 7). In the United States, training and passing a test is 
now a requirement in order to be certified as a general surgeon 
to be proficient in laparoscopy (8).  
 Originally, laparoscopic skills were primarily 
taught using the apprenticeship model. However, this method has 
certain limitations: it requires longer time to practice and more 
learning opportunities in clinical practice. The unique set of skills 
required in laparoscopy highlighted the need for new training 
methods, so simulation training was developed. During the last 
few decades, it has been firmly established that laparoscopic skills 
can be acquired outside the OR using simulators (9). Training can 
be done on either virtual reality simulators (VRSs) or boxtrainers 
(BTs); both methods have been shown to be effective methods 
for providing laparoscopic skills training (10).  

Despite the evidence for the use of simulation 
training, implementation has been unsystematic (11). Barriers to 
simulation training – including the need for time to train, the high 
price of simulation equipment, and the lack of access – have 
halted the implementation of simulation training in laparoscopic 
training programmes (12). Low accessibility in particular has been 
a constraint. Access to training can be improved by using mobile 
BTs, as this method is affordable, accessible and mobile (12). BTs 
allow trainees to train according to their own schedule. Further-
more, BTs have the potential to improve laparoscopic training 
when implemented in a simulation-based laparoscopic training 
programme. Unfortunately, little is known about the use of BTs in 
off-site training. No review has been done to explore this, and 
little research has been conducted into the effects of off-site 
training.  

BACKGROUND  

DEVELOPMENT OF OPERATIVE LAPAROSCOPY 
The move towards minimally invasive surgery can be traced back 
as far as Hippocrates in ancient Greece (13) and Abu Al Qasim Al-
Zahrawi in medieval Spain (1). Both Hippocrates and Al-Zahrawi 
developed speculums to allow access to body cavities in order to 
alleviate symptoms and treat diseases. Minimally invasive surgery 
has gone through a serious of developmental phases since then. 
What we have come to know as operative laparoscopy today was 
primarily developed in the 1970s, when the technique was ex-
plored and many new devices were invented (13). The break-
through in laparoscopy came when it was used for cholecystec-
tomies (1). In 1987, Mouret was the first to perform a 
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laparoscopic cholecystectomy, and soon others followed. There 
were initially challenges with the large-scale implementation. The 
initial increase in bile duct injuries illustrated the problems asso-
ciated with implementing a new technique at such a quick pace 
(7). Despite the increase in bile duct injuries, laparoscopic chole-
cystectomy was implemented for more widespread use (1). The 
benefits of laparoscopy include the reduction of the duration of 
hospital stay and convalescence period (2, 3). Laparoscopy has 
since become the preferred technique for intra-abdominal sur-
gery (4). Although the technique was initially used for benign 
surgery, it has also found a use in oncological procedures, where 
the same benefits have been demonstrated without compromis-
ing the oncological outcome (14).  

TRAINING OF LAPAROSCOPIC TECHNIQUES 
Laparoscopy requires a very different technique compared to 
open surgery. When operating using the laparoscopic technique, 
the surgeon uses a set of very specific skills (5). The surgeon will 
have to accommodate for the loss of depth perception and the 
limited range of movement and adjust to the use of long instru-
ments fixed at skin level. However, the necessary skills can be 
acquired through training. Training is needed to become profi-
cient in laparoscopy and a new surgical curriculum for laparosco-
py was needed (6, 7). In the early days of laparoscopy, training 
was done in the same manner as for open surgical skills. Training 
was based on the apprenticeship model and primarily conducted 
during supervised surgery in the operating room (OR) (15). None-
theless, the Hallstead approach, often referred to as ‘see one, do 
one, teach one’, was found to be insufficient for laparoscopic 
skills training . The Hallstead model required a long mentoring 
process, which was neither cost-effective nor compatible with the 
increased awareness of the potential risk to patients from having 
untrained surgeons performing laparoscopy (15). Simulation-
based training was suggested as a solution and BTs were devel-
oped (16). Even VRSs were proposed early on as a potential train-
ing method (17-19). Although research has firmly established that 
laparoscopy can be taught outside the OR using simulation train-
ing (9), it has not been implemented systematically (11). A body 
of evidence supports the argument that VRSs and BTs are effec-
tive methods of acquiring laparoscopic skills (9). Laparoscopic 
simulation-based training shortens operating time, increases 
intra-operative skills, and reduces the risk of intra-operative and 
post-operative complications (20-24). Although many VRSs and 
BTs exist, systematic training programmes are lacking and have 
only been implemented in a few countries (11). An example of 
this is the FLS, which is a requirement for becoming a general 
surgeon in the USA (8). However, the FLS is not accessible to most 
surgeons or to those most in need of laparoscopic simulation 
training. The tasks included in the FLS are advanced and are 
therefore inappropriate for novices. Requirements in training 
should correspond to the trainee’s level of experience (25). There 
is a need for a new test that is appropriate, affordable and acces-
sible to novices. 
  Testing and the pass/fail level of a test provide the 
minimum requirement for training in a proficiency-based training 
programme. Proficiency-based training has been recommended 
for simulation-based laparoscopy training and has been shown to 
be effective (26, 27). Training programmes using proficiency-
based training rely on the use of testing and pass/fail levels. 
Standard-setting methods are used when setting a pass/fail level 
for a test. However, the pass/fail level of the test may vary con-
siderably depending on the standard setting method (28). Despite 

this, few studies have explored the consequences of the choice of 
standard setting method in a proficiency-based laparoscopic 
training programme.  

TAKE-HOME TRAINING  
Proficiency-based laparoscopic training programmes have been 
developed for BTs (29). Training laparoscopic skills on BTs is an 
effective method of acquiring laparoscopic skills (30), and a varie-
ty of BTs have been developed for this purpose. These range from 
BTs that are similar to the OR setting where laparoscopic cameras 
are used, to simple trainers (31) and even open trainers to prac-
tice moving instruments (32). Some BTs include an eye-patch to 
remove stereovision (33) and other trainers use mirrors (34, 35). 
BTs have even been developed to address ergonomy (36). The 
development of BT designs has followed that of digital cameras. 
The early BTs used large home video cameras (16) and web-
cameras were also used (37, 38). Both do-it-yourself (DIY) trainers 
(16, 39, 40) and commercially available ones have been suggested 
(41). Recently, tablet computers such as the iPad (31, 42) and 
even telephones (43) have been used in BT design. The on-going 
development of BTs have made them accessible, affordable and 
mobile (12).  
 Mobility in training can help overcome some of 
the barriers to simulation training. Times to train, access and the 
high price for simulation equipment are barriers to simulation 
training (12). Mobile BTs make training accessible to novice lapa-
roscopic trainees as they can plan their training according to their 
own schedule. Despite this apparent advantage, no review has 
yet explored the literature regarding off-site training. BTs may not 
only provide trainees with the flexibility they need but could also 
prove beneficial when implemented in existing simulation-based 
training programmes. Currently, simulation-based training pro-
grammes primarily offer training at a simulation centre or skills 
lab. Additionally training at home could improve current training 
programmes and increase the use of laparoscopic simulation 
training in general.  
 
THEORETICAL CONSIDERATIONS  
Laparoscopic training programmes should be based on sound 
educational theories. Research in medical education must be 
placed in a theoretical framework in order to support evidence of 
findings (44). Below we outline the most prominent educational 
theories used in this thesis.  

PROFICIENCY-BASED LEARNING  
In the early 1900s the Flexner Report made it clear that compe-
tency-based medical education (CBME) was necessary to ensure 
high-quality training in medicine (45, 46). CMBE has recently 
undergone a revival in post-graduate training and surgical skills 
training. Passing a competency-based test is now a requirement 
in the USA in order obtain specialty registration as a general 
surgeon (8). CBME is being introduced as proficiency-based train-
ing in laparoscopic skills training (15, 27). Proficiency-based train-
ing is a further development of CBME, where the minimum re-
quirement is that of proficiency rather than competency. 
Research has shown the effect of proficiency-based training on 
OR performance (21, 29). Proficiency-based training is also rec-
ommended for simulation training in laparoscopy (27). Proficien-
cy-based training relies on the use of assessment and testing. 
Testing has a positive effect on retention of learned skills (47). 
Proficiency-based standard setting has been implemented using 
performance levels of experienced laparoscopic surgeons (48). 
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However, when implementing tests it is important that they are 
supported by evidence of validity (49). Testing should be an inte-
grated part of the training curriculum in which learning objec-
tives, content, assessment and use of skills in the OR are aligned. 
Proficiency-based training and testing are discussed in the papers 
included in this thesis.  

DISTRIBUTED PRACTICE  
Distributed practice, or spaced repetition as it is sometimes re-
ferred to, is an effective educational approach. Distributed prac-
tice is superior to massed practice as learners can divide their 
learning into manageable parts (50). This is also referred to as the 
spacing effect. Distributing learning experiences across a number 
of days is effective and may also apply in motor skills training (51). 
It is recommend for gaining knowledge and motor skills (52, 53). 
The effect has also been demonstrated in laparoscopic skills 
training (54, 55). Nonetheless, the optimal distribution of practice 
remains to be established (56). Distributed practiced is also a part 
of deliberate practice, which is effective in procedural skills train-
ing (57). In this thesis, distributed practice is discussed in the first, 
fourth and fifth papers.  

SELF-REGULATION IN LEARNING  
Self-regulation in learning relies on theories from both pedagogy 
and psychology. Two terms that are often used to describe self-
regulation in learning are Self-Regulated Learning (SRL) and Self-
Directed Learning (SDL). SRL is sometimes confused or used inter-
changeably with SDL, and these two terms have been used in 
various ways in the literature (58). SRL is when one considers the 
students’ independence in training, whereas SDL is used when 
training promotes autonomous learning. A new theory in medical 
education is Directed Self-Regulated Learning (DSRL), which is 
based on theories of SRL. DSRL is a new approach to learning in 
which trainees regulate their own training within a framework 
provided by educators. Trainees thereby control a part of the 
training and are active participants in their own learning process. 
Faculty act as facilitators to guide the self-regulated learning by 
providing a framework in which learners operate (59). SRL is the 
basis for DSRL, where the focus is on understanding autonomous 
learning to help provide guidance during learning experiences 
(60). SRL is recommended in a recent systematic review for simu-
lation-based training (61). One study has proven DSRL to be effec-
tive for retention of skills in a simulation training for lumbar punc-
ture (60). DSRL could be of value in training programmes where 
supervision is difficult to provide and feedback from faculty is 
unavailable. In the present thesis, the potential for DSRL in off-
site training in laparoscopy is discussed in Paper 1.  
  
METHODOLOGICAL CONSIDERATIONS 
High-quality research is based on the use of appropriate methods. 
The research question, aim of the study and hypotheses should 
determine the choice of methodology. In the following section we 
will describe the setting and methods used in this thesis.  

SETTING  
The CAMES Training Programme in Laparoscopy  
All of the studies included in this PhD dissertation were conduct-
ed at the Copenhagen Academy for Medical Education and Simu-
lation (CAMES) (62). At CAMES, doctors in their first year of spe-
cialty training can participate in a basic simulation-based 
laparoscopic training programme. The training programme is a 
cross-specialty training programme for doctors working in the 

gynaecology, urology and surgery departments (63) and aims to 
prepare participants for their first supervised laparoscopic surgi-
cal procedure. The training programme is structured across two 
formalised training days separated by a period of self-directed 
training. Training takes place using VRSs and BTs. The first part of 
the training programme is an introductory course. This is followed 
by a period of self-directed training in which participants practice 
on VRSs and BTs. Participants train in the simulation centre, as-
sisted by a simulator technician who can provide some feedback 
during training. There are two mandatory requirements in the 
training programme. The first requirement is to pass the TABLT 
(64) test on the BT and the second is to reach a predefined level 
of proficiency on the VRS. Gynaecologists are also required to 
take a theoretical test (65). When participants have completed 
the requirements of the training programme they are able to 
enrol in the final operative course. The operative course marks 
the end of the training programme. 
 
Training and Assessment of Basic Laparoscopic Techniques 
(TABLT) 
To address the need for a training and assessment tool for basic 
laparoscopic skills training, we developed TABLT. The tasks in-
cluded in TABLT were developed for a cross-specialty training 
curriculum. The TABLT consists of laparoscopic tasks that test 
various domains of laparoscopic skills. The test includes the test-
ing and training of ambidexterity, hand-eye coordination, ac-
commodating for the fulcrum effect, guiding instruments via a 
screen, and economy of movement. Five tasks were developed 
covering appropriate handling of laparoscopic instruments, cut-
ting, blunt dissection and sharp dissection. There are specific 
errors for each task, which are used when calculating the TABLT 
test score.   
 
The tasks: 
Task 1 is a coordination task. The goal of the task is to move four 
beads on a pegboard from one line of pegs on the right side, to 
another line of pegs on the left side, and back again. An error is 
counted if a bead is dropped. If the bead rolls outside the range 
of movements it is counted as two errors.  
Task 2 is a cutting task, the goal of which is to cut out a circle. A 
circle is drawn on a soft sponge cloth and the task has been com-
pleted when the entire circle has been cut out. The circle is two 
millimetres wide. An error is counted when cutting outside the 
two-millimetre line.    
Task 3 is a sharp dissection task, the goal of which is to dissect a 
vessel using sharp dissection technique. The vessel is made from a 
balloon that has two lines drawn on it. The lines are two millime-
tre wide and two centimetres apart. The balloon is wrapped in a 
soft sponge cloth. A cut into the vessel is counted as an error. 
Task 4 is a blunt dissection task and its goal is to dissect a vessel 
using blunt dissection technique. As in Task 3, the vessel is made 
from a balloon that has two lines drawn on it. The lines are two 
millimetre wide and two centimetres apart. The balloon is 
wrapped in cotton wool. An error is counted if a piece of the 
cotton wool is ripped off, and completely removed from the rest 
of the task. 
Task 5 is a cyst removal task, the goal of which is to remove a 
cyst. The cyst can also be made to simulate a gallbladder depend-
ing on the specialty. The cyst is made from two round balloons, 
one inside the other. The innermost balloon is filled with 60 milli-
litres of ultrasound gel.  
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The TABLT test scoring system 
The scoring system is based on time and the number of errors, 
similar to the system used in the FLS system (48). The final score 
is between 0 and 708, where a higher score indicates a better 
result. The score is calculated by first determining a score for each 
task. Each task score is calculated by subtracting the time spent 
on a task in seconds from a maximum time of 600 seconds. The 
result is then divided by the average score of a group of experi-
enced surgeons. Finally, all task scores are summed into a per-
formance score. The score can be simply calculated using an Excel 
spreadsheet; the users only need to enter the number of errors 
and time spent completing each task.   

A MIXED-METHODS APPROACH 
The papers included in the thesis are based on several research 
questions. Depending on the research question, an appropriate 
choice of methodology has been chosen, as is recommended (66). 
Throughout the thesis, qualitative and quantitative methods are 
seen as equal and complementary (67). The first paper is a scop-
ing review based on a systematic literature search and a qualita-
tive thematic analysis. The second paper is a validation study. For 
this study, we used the unitary framework of validity, which relies 
on both qualitative and quantitative methods. The third was a 
methodological paper that explored the consequences of differ-
ent standard setting methods. In this study we used a descriptive 
and a comparative quantitative analysis. The fourth paper was 
designed as a randomised controlled trial and we used quantita-
tive statistical methods, described below. The fifth study is a 
mixed-methods study in which quantitative descriptive statistics 
were used and triangulated with findings from a qualitative con-
tent analysis of focus group interviews and individual interviews. 
The mixed methodology was used to explore training patterns 
and training methods as well as how trainees used BTs when 
training at home.  

VALIDITY 
Validity is the process of ensuring that what you intend to meas-
ure is what is actually measured (68). With a directly observable 
phenomenon, such as blood glucose concentration or haemoglo-
bin levels, validation is done within the realm of natural sciences. 
However, some traits such as surgical technical competency 
cannot be observed or measured directly. As the trait is not di-
rectly measurable, a test or an assessment tool is necessary. To 
ensure validity for this type of measurement, a different approach 
to validation is used. Frameworks have been developed for ex-
ploring the validity of tests measuring competency. These frame-
works include the unitary framework of validity, although other 
frameworks of validity theory do also exist (69). An early validity 
framework used types of validity and describes the use of con-
tent, construct and criterion validity. However, the unitary 
framework considers all validity as a process rather than dividing 
it into types of validity. Hereby, validity of construct is explored; 
therefore, validity is construct validity. The unitary framework of 
validity is recommended in the ‘Standards for Educational and 
Psychological Testing’ (70). A newer framework called 
use/argument based validity also exists (71).  
 In this thesis we use the contemporary framework of 
unitary validity, an approach that has been recommended in the 
assessment literature for more than 15 years (72, 73). In the 
unitary framework of validity, validity is described as a hypothesis 
or process and evidence is gathered from different sources to 
support or negate the hypothesis (74). The sources include con-

tent, response process, internal structure, relationship to other 
variables and consequences of testing. When using this frame-
work we use the following methodological terminology. A test is 
made of content that is a representation of the underlying con-
struct. The construct or trait is what the test intends to measure; 
for example, psychomotor skills in laparoscopic surgery. It is not 
the test itself that is said to be valid, but the interpretation of test 
scores. There is evidence to support validity when the interpreta-
tion of the test score corresponds to the construct being meas-
ured (49, 68). Evidence from validity based on content focuses on 
the content of the test and whether the content relates to the 
construct that the test is intended to assess (49, 68). Evidence 
from validity based on response process ensure that the intended 
response is elicited when administering the test. Furthermore, 
validity evidence from the response process includes data entry 
and maintaining data integrity as a means of eliminating bias that 
affects test scores (49, 68). Evidence from validity based on inter-
nal structure relates to evidence gathered from statistical analysis 
of the test scores to ensure reproducibility. Reliability of test 
scores is considered a source of validity evidence from the inter-
nal structure (49, 68). Evidence from validity based on relation-
ship to other variables relates to how test score correlates to 
other measurements of the same construct (49, 68). Evidence 
from validity based on consequences of the test relates to the 
consequences of testing. This is an important source of validity 
evidence since potentially harmful consequences should be iden-
tified (49). Consequences as a source of validity are broad and 
standard setting is an important part of this. The first step in 
analysing the consequences of testing is to set a pass/fail level. 
Thereafter, the consequences of the test and the pass/fail level 
can be explored (75). A standard setting method is used to estab-
lish a pass/fail level.  

STANDARD SETTING  
Standard setting describes the methodology used when setting 
pass/fail levels on a test. Throughout the development of educa-
tional theory, many different types of standard setting methods 
have been used (76). Nonetheless, when setting standards, the 
decision on a score remains a policy decision (77). Standard set-
ting methods can be either norm-based or criterion-based, also 
referred to as relative and absolute (28, 76, 78). Norm-based 
methods are used when a pass/fail level is set according to the 
percentage of the students that will pass or fail. Criterion-based 
methods use a set criteria of passing; that is, having performed to 
a certain level. A criterion can be set on both surgical assessment 
or according to the number of correct answers that is sufficient to 
pass a multiple choice test. Criterion-based tests are often used 
to assess competency (79). Criterion-based methods are tradi-
tionally divided into examinee-centred and test-centred methods 
(80). Examinee-centred methods look at the examinee, determine 
the ability of the students and use these observations to set a 
pass/fail level. Test-centred methods, on the other hand, look at 
test characteristics, such as difficulty and relevance, and set a 
pass/fail level according to these. Two common methods of 
standard setting are the contrasting groups method (an exami-
nee-centred method) and the Angoff method (a test-centred 
method). A new method of criterion-based standard setting is the 
expert performance level, where the performance of experienced 
participants is used to set pass/fail levels. The pass/fail level is set 
at the mean performance level of a group of experienced partici-
pants. Although this methodology has been poorly described in 
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educational research literature, it is used in simulation-based 
training (81). 

Three standard-setting methods were used in 
this thesis. In Paper 2, the contrasting groups method is used to 
set a pass/fail level for the TABLT test. In Paper 3, three different 
methods were used to explore the consequences of the choice 
standard setting methodology. The three methods were the 
expert performance level, contrasting groups method and the 
Angoff method. In the expert performance level method, the 
pass/fail level is set at the mean performance level of a group of 
experienced laparoscopic surgeons. The Angoff method is a crite-
rion-based test-centred method that, in its original form (82), 
consisted of asking judges to reach an agreement on the defini-
tion of a borderline student. The judges agree to define a border-
line student as a student with a 50 per cent chance of passing the 
test. After reaching agreement on this definition, the judges 
would determine the performance level of a borderline student. 
The performance level would be described in passing percentages 
on each item in a test. The items scores were then averaged 
across different judges and a pass/fail level was set (79, 80). The 
Angoff method has since been modified in different ways, and 
sometimes includes performance data. These data are presented 
to the judges, who then determine passing levels through several 
iterations (28). There is considerable empirical evidence to sup-
port the use of Angoff method (28, 83). However, this method 
can provide a high pass/fail level as experts often expect too 
much of their students (77, 80). The Contrasting Groups method, 
on the other hand, is a criterion-based examinee-centred method 
(80). The pass/fail level is set based on a division of participants as 
either competent or not competent. Test scores from the partici-
pants are used and a pass/fail level is set at the intersection be-
tween the distribution of the two groups (84). The pass/fail level 
can be moved according to the purpose of the test, either to 
ensure that no competent student is failed or that no incompe-
tent student will pass (79). 

FOCUS GROUPS AND INDIVIDUAL INTERVIEWS 
Interviewing participants is a well-established method of investi-
gation in qualitative research. Interviews can help shed light on 
complex problems (85). Interviews have been shown to be a 
particularly good methodology when exploring behaviours and 
experience (86). Using interviews can provide researchers with 
answers to ‘how’ and ‘why’ questions (87). Interviews can be 
analysed in different ways depending on the theoretical founda-
tion. One method of analysis is content analysis (88), which we 
used in this thesis.  

Focus groups are increasingly being used in 
healthcare research (89, 90). A focus group interview can help 
researchers gain insight into norms of behaviour through group 
interaction (90). In focus groups, relations between participants 
can be used to help obtain information from individuals who 
would not otherwise participate in an interview (91). Individual 
interviews, on the other hand, can help create a deeper under-
standing of each individual experience. Semi-structured individual 
interviews are often conducted based on a guide with open-
ended questions (86). Individual interview are sometimes the only 
source of data in qualitative research projects (85). In the present 
thesis, we used both focus group interviews and individual inter-
views. Both methodologies were used in the fifth study to help 
create an understanding of the use of BTs in take-home training.  

STATISTICAL CONSIDERATIONS  
A variety of statistical methods have been used in the studies 
included in this thesis. Various descriptive statistics were used, as 
appropriate. Descriptive statistics were also presented in tables 
and illustrated using graphs. In the second study, reliability was 
measured by calculating the intraclass correlation coefficient 
(ICC). We used the ICC definition of single measures and absolute 
agreement. Pearson’s correlation was used to analyse correlation. 
We calculated the Pearson’s product moment correlation coeffi-
cient and a Pearson’s r value of >0.7 was considered an accepta-
ble degree of correlation (92). Analysis of variances (ANOVA) was 
used to analyse differences between groups, and a Bonferroni 
correction was used to allow for comparisons of more than two 
groups. Independent samples t-test was used to compare differ-
ence of means between groups in Papers 3 and 4. A p-value of 
less than 0.05 was considered statistically significant. Statistical 
software (SPSS, vs. 20.0 Chicago IL, USA) was used for analysis. 

ETHICAL CONSIDERATIONS  
All of the studies using data from participants were reported to 
the regional ethics committee. In accordance with Danish legisla-
tion, the regional ethics committee deemed that no approval was 
necessary for these studies. The studies were also reported to the 
Danish data protection agency and approval was given prior to 
commencing. The randomised controlled trial was registered at 
www.clinicaltrials.gov to ensure transparency. All participants 
were informed in writing and verbally, written consent was given 
before participating, and participants were informed of their 
rights, including their rights to withdraw their consent at any 
point during the studies. For the interviews, participants were 
anonymised on transcription of the interviews. Ebbe Thinggaard 
was the only researcher who had access to non-anonymised 
recordings.  

OVERALL PURPOSE OF THE THESIS 
The overall purposes of thesis were to review the current 
knowledge of training off-site, to develop and explore validity for 
a training and assessment system for off-site training, to investi-
gate the effect of take-home training in simulation-based laparos-
copy programmes, and to explore the use of take-home training. 

AIMS  
From the overall purpose of this thesis, the following aims for the 
studies were developed.  
 
Study 1: Create an overview of the current knowledge of the use 
of BTs and the instructional designs used in off-site training pro-
grammes. 
 
Study 2: Explore evidence of validity for a test of basic laparosco-
py skills for training at home and establish a reasonable pass/fail 
standard. 
 
Study 3: Determine the consequences of different standard set-
ting methods and explore what level of competency is perceived 
to be adequate to begin performing supervised surgery. 
 
Study 4: Investigate the added effects of training at home in a 
simulation-based laparoscopic training programme and explore 
the reliability of self-rating when training unsupervised. 
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Study 5: Describe how surgical trainees use mobile boxtrainers 
when training at home and explore the use of self-rating in unsu-
pervised training. 

HYPOTHESES  
The hypotheses for the papers included in the thesis were as 
follows.  
 
Study 1: Simulation-based laparoscopic training programmes for 
off-site training on BTs use instructional designs based on educa-
tional theory. 
 
Study 2: Evidence of validity for a test in basic laparoscopy skills 
for training at home including a credible pass-fail score can be 
established.  
 
Study 3: Different standard setting methods affect the conse-
quences of a test in basic laparoscopic skills and there is a differ-
ence in the level of competency, which is perceived to be ade-
quate to begin performing supervised surgery. 
 
Study 4: Training laparoscopy at home has a positive effect on 
training and participants are able to rate their own performance 
using a structured self-rating system.  
 
Study 5: Surgical trainees use mobile boxtrainers when training at 
home and are able to use self-rating to guide unsupervised train-
ing.  
 
PRESENTATION OF THE INCLUDED PAPERS  
 
Paper 1: 
Thinggaard E, Kleif J, Bjerrum F, Strandbygaard J, Gögenur I, 
Ritter E M, Konge L. Off-site training of laparoscopic skills, a 
scoping review using a thematic analysis. Surgical Endoscopy 
2016;11:1-9. 
 
Background  
Simulation training is becoming a valuable addition to laparoscop-
ic skills training in the clinical setting. Laparoscopic simulation-
based training is being implemented using VRSs and simple BTs. 
However, barriers to simulation training still pose challenges to 
implementation. These barriers include duty-hour restrictions, 
the high price of simulation equipment and the opening hours at 
skills labs and simulation centres. Mobile BTs may help overcome 
barriers to simulation training and provide trainees with the 
opportunity to train when they have the time. Although portable 
BTs may help remove the barriers associated with simulation-
based laparoscopy, our knowledge of this area remains limited.   
 
Objective 
The objective of the study was to create an overview of the cur-
rent knowledge on off-site training in laparoscopy. 
 
Methods 
Based on the research question and objective of the study, a 
search string was created. The search string was adapted and 
used in various online databases including: MEDLINE, ERIC, Psych-
INFO and Scopus. A snowballing search was also conducted and 
relevant websites and references from reviews on laparoscopic 
skills training were used to identify records. A consensus was 
reached regarding which records to include in the review. Two 

independent researchers working in collaboration did the screen-
ing. We analysed the records iteratively using a thematic analysis 
approach. 
 
Results 
We identified and included 22 records. Based on a thematic anal-
ysis, the following underlying themes were identified: access to 
training, protected training time, distribution of training, goal-
setting and testing, test design, and unsupervised training. The 
underlying educational theories we identified included: proficien-
cy-based learning, deliberate practice, and self-regulated learn-
ing. 
 
Conclusions 
A variety of instructional designs are used in laparoscopic skills 
training programmes for training on simple BTs. Instructional 
designs are based on different educational theories including 
proficiency-based learning, deliberate practice and self-regulated 
learning. Directed self-regulated learning could prove valuable 
when designing laparoscopic off-site training. 
 
Strengths and limitations 
The search identified 1978 studies, from which 22 records were 
included. The records varied in terms of where and how they 
were published. The records were published either as conference 
papers or articles in peer-reviewed journals. The quality and 
methodology of studies also varied. However, following the 
methodology described for scoping reviews, we did not assess the 
quality of the studies as each study was considered equally im-
portant (93). All records were assumed to provide findings that 
would help generate an understanding on the use of off-site 
training. The inclusion of only 22 records from a search identifying 
1978 records demonstrates the broad scope of the search. We 
aimed to identify any source of literature that could be relevant 
to simulation training at home on BTs. The search was systematic 
in nature. A strength of our study was that we used a well-
established reporting format: the STructured apprOach of the 
Reporting In health care evaluation of Evidence Synthesis (STO-
RIES) (94). For the analysis we used a thematic analysis approach 
(95).  
 The analytical approach shows the difference between a 
scoping review methodology and traditional systematic reviews 
used for randomised controlled trials (96). Although our study 
included a wide array of records and sources, our search could 
have been even broader. We could have included websites from 
relevant manufacturers of equipment for laparoscopic skills train-
ing, as well as abstract books available online from relevant con-
ferences, websites from educational institutes and other stake-
holders in surgical laparoscopic training. When deciding how 
broadly to search, there is always the limit of feasibility, as a 
broader search would have taken more time and may not have 
provided a better result. The records we included from websites 
and conference abstract books did not impact our analysis to a 
very high degree as these sources provide very brief descriptions 
of studies.  
 We used a thematic analysis for analysing the records 
(95). A benefit of thematic analysis is that it uses an open ap-
proach to existing literature and thereby allows themes to 
emerge from the literature. However, limitations of this approach 
include researcher bias and its effect on findings. Our understand-
ing of educational theory could have influenced our findings. All 
of the members of our research group were medical doctors 
working in surgical specialties. However, all but one of the re-
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searchers had conducted research within educational sciences 
and we were all familiar with a wide variety of educational theo-
ry, especially theory used in surgical training. Being familiar with 
the field of study helped ensure that the thematic analysis could 
be carried out appropriately. Familiarity with the reviewing pro-
cess and educational theory created trustworthiness of our find-
ings (97, 98). 
 From our analysis, we identified proficiency-based learn-
ing, deliberate practice and self regulated learning as underlying 
educational theories guiding laparoscopic training programmes 
for off-site training. Based on our findings, we recommended that 
training at home in laparoscopy should be guided by sound edu-
cational principles and that the use of directed self-regulated 
learning should be explored further. 
 
Paper 2:  
Thinggaard E, Bjerrum F, Strandbygaard J, Gögenur I, Konge L. 
Validity of a cross-specialty test in basic laparoscopic techniques 
(TABLT). British Journal of Surgery 2015;102:1106-1113. 
 
Background 
Acquiring laparoscopic techniques by training on simple BTs has 
shown to be an effective instructional method. Training on BTs 
has shown to affect both patient outcomes and improve perfor-
mance on assessments. However, current training programmes 
have been developed for specific specialties and include ad-
vanced training such as suturing. For training to be relevant for 
novice laparoscopic surgeons, a new training and assessment tool 
is needed. The TABLT is a training tool developed for trainees to 
acquire the necessary laparoscopic techniques used during super-
vised surgery in clinical practice. 
 
Objectives 
The objectives of this study were to develop and explore evidence 
of validity for the TABLT test and to set a credible pass/fail level.  
 
Methods  
The TABLT test was developed in separate training programmes 
for basic laparoscopic skills training in surgery and gynaecology. 
From these training programmes, the need for a cross-specialty 
test emerged. The TABLT test was developed with a specific focus 
on construct alignment of tasks to facilitate transfer of skills into 
the clinical setting. To explore the validity of the TABLT test, we 
used the contemporary framework of validity known as the uni-
tary framework of validity. The unitary framework of validity 
relies on five sources of validity evidence: content, response 
process, internal structure, relations to other variables, and con-
sequences. We also established a credible pass/fail level using the 
contrasting groups’ method. 
 
Results  
We included sixty participants in the study. Participants were 
doctors from surgery, gynaecology, and urology departments. 
Novice, intermediate and experienced laparoscopic surgeons 
were recruited. Novices were defined as doctors who had never 
performed a laparoscopic procedure. Intermediates were defined 
as doctors who had performed between one and 100 procedures 
and experienced laparoscopic surgeons were defined as doctors 
who had done more than 100 procedures. From the content 
source of validity we found that the test content was appropriate 
for cross-specialty training and included a sufficient range of 
relevant tasks for laparoscopic skills training. From the process of 

scoring we found that scoring was done easily using an Excel 
spreadsheet and that scoring was transparent and data integrity 
maintained. Test scores correlated well with procedural experi-
ence, Pearson’s r value was 0.73 (p < 0.001). We found a signifi-
cant difference between groups of different levels of experience 
(p < 0.001), and scores were reliable; ICC (0.99, p < 0.001). These 
measures provided evidence validity from the internal structure 
of the test. As part of exploring evidence of consequences, a 
defensible pass/fail level was set at 358 points. At this pass/fail 
level, 10 per cent of novices passed the test and 10 per cent of 
experienced laparoscopic surgeons failed the test. 
 
Conclusions  
We found evidence of validity from five sources: content, re-
sponse process, internal structure, relations to other variables 
and consequences. We established a credible pass/fail level for 
surgical trainees to reach prior to performing supervised surgery 
in the OR. 
 
Strengths and limitations 
A major strength of our study was that we used the unitary 
framework of validity (99). This is a contemporary framework 
recommended in the literature to establish evidence of validity 
for testing in surgical training (73). Previous frameworks relied on 
types of validity, whether it was content, construct and criterion 
validity, or even face validity. Face validity contributes very little 
to the understanding of the validity of a test (100). Types of validi-
ty only offer a limited understanding of validity and provide insuf-
ficient sources of evidence for validity in testing. In our study, we 
could also have chosen to use a newer framework of validity, the 
framework of the use-argument validity proposed by Kane (77). 
The use argument framework of validity has been proposed for 
assessment in medical education (69). The choice of methodology 
was based on wishing to use both a contemporary approach and 
one that has been used in the literature to establish validity evi-
dence for assessments in surgical training. 
 We included doctors from three specialties and with 
different levels of experience. We included 60 participants in 
total. The sample size could be considered small when consider-
ing the doctors were recruited from three departments and di-
vided into three groups.  However the TABLT training was devel-
oped for cross-specialty training, which made it necessary to 
include doctors from different specialties. The inclusion criteria 
were the same for all specialities and the trait we wished to 
measure (basic laparoscopic technical skills) was similar across 
the different specialties. Using stringent inclusion criteria helped 
reduce the source of bias from having a wide range of doctors 
participating in the study from different specialties. Having three 
groups of doctors also demonstrated the difference of perfor-
mance in different groups. Our study included a very wide range 
of performance and experience levels, particularly in the group of 
experienced surgeons. Nonetheless, across three groups we were 
still able establish a firm correlation between clinical experience, 
measured as the number of procedures, and performance scores 
on the TABLT test.  
 When establishing validity evidence for testing, there are 
two sources of bias that should be considered: the risk of con-
struct under-representation and the risk of construct irrelevant 
variance (101). Looking at evidence of validity from content helps 
explore the bias associated with construct underrepresentation. 
In our study we found that the content of the TABLT test was 
appropriate and represented the domain of laparoscopic skills. 
Nonetheless, our inclusion of tasks could have been even broad-
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er. Also, the tasks could have been more advanced and included 
content such as suturing or camera navigation; however, suturing 
is not considered a simple task and would not be relevant to 
include in a basic laparoscopic skills test. It would also have been 
unreasonable to require novice laparoscopic surgeons to be able 
to suture prior to supervised surgery in clinical practice. Camera 
navigation is a relatively simple task that can easily be learned 
when assisting in surgery.  
 Bias from construct irrelevant variance can be explored 
both from the process and the internal structure. From the pro-
cess, as a source of evidence of validity, we looked at the process 
of rating. The TABLT rating system was developed as a simple 
rating system that is easy to comprehend and record. Rating can 
be done using a simple spreadsheet, which allows for transparen-
cy in record keeping. Transparent recording helps maintain data 
integrity. To minimise the impact of different settings, all tests 
were done in only two places, by the same researcher. The two 
settings were the simulation centre and a hospital at which partic-
ipants were working. Using a setting that was familiar to partici-
pants helped minimise the risk of the setting affecting the per-
formance of the surgeons. The tests were rated on-site by the 
researcher and afterwards by a blinded researcher using video 
recordings. The blinded rater was one of the researchers from the 
research group, which could have affected ratings. A surgeon 
outside the research group could have done the ratings, but the 
rater would have required further training. Rater training for the 
TABLT test was not explored in the study.  
 Participants were only asked to make two attempts at the 
test. The first one to allow participants to familiarise themselves 
with the system and the second attempt was used for rating and 
was video-recorded. Having participants do more attempts could 
have created a learning curve and informed us about the learning 
potential of TABLT test. However, the focus of this study was on 
the validity of the testing aspect of the TABLT. Two attempts were 
considered sufficient to provide us with the data we needed in 
order to establish validity for the TABL test. As a part of establish-
ing validity from consequences, a pass/fail level was set. The 
pass/fail can provide an understanding of the immediate conse-
quences. The immediate consequences of the pass/fail level are 
the fail rates for experienced surgeons and passing rates for 
novices. Validity from consequences was analysed in this way. 
However, pass and fail rates only explain some of the conse-
quences of testing.  
 
Paper 3:  
Thinggaard E, Bjerrum F, Strandbygaard J, Gögenur I, Konge L. 
Ensuring competency of novice laparoscopic surgeons – Explor-
ing standard setting methods and their consequences. Journal of 
Surgical Education 2016;73:986-991. 
 
Background  
Proficiency-based simulation training in laparoscopy is growing 
and testing is an important part of this approach to training. In 
proficiency-based training, testing is used to set the minimum 
requirement for competency. The pass/fail level determines the 
minimum requirement; however, the method used to set the 
pass/fail has not been explored in great detail. The effect of 
choice of methodology on pass/fail levels should be investigated 
more thoroughly, as should the perceived adequacy of the 
pass/fail levels. 
 
 
 

Objectives  
The objectives of this study were to explore the effect of the 
standard setting method on the pass/fail level and to investigate 
whether there was a difference in the level of competency, expe-
rienced and novice laparoscopic surgeons expected a novice to 
reach on the TABLT test during training.  
 
Methods  
Participants were included in a validation study of the TABLT test. 
Participants were novice and experienced laparoscopic surgeons 
from surgery, gynaecology and urology departments. Each partic-
ipant was asked to make two attempts on the TABLT test; the 
second attempt was recorded and rated on-site. The second 
attempt was also video-recorded and rated by a blinded rater. 
Three standard setting methods were used to set a pass/fail level: 
the expert performance level, the contrasting groups method and 
the Angoff method. After testing, participants were asked how 
high a score a novice should reach during training, how many 
errors were acceptable and how much time they should be al-
lowed to spend on each task. 
 
Results  
The study included 40 participants, 20 experienced laparoscopic 
surgeons and 20 novices. The three standard setting methods 
resulted in three different pass/fail levels. The expert perfor-
mance levels set the pass/fail level at 474 points, the contrasting 
groups method at 358 points and the Angoff method amongst 
experienced at 311 points and amongst novices at 386 points. The 
consequences of the different pass feel levels varied. The fail rate 
for experienced surgeons was between 0 and 50 per cent and the 
pass rate for novices was between 0 and 25 per cent. There was a 
significant difference in the level of proficiency deemed adequate 
by experienced and novices (p < 0.008). Novice laparoscopic 
surgeons expected novices to reach a higher score on a test dur-
ing training than experienced laparoscopic surgeons did.  
 
Conclusions  
The pass/fail level of a basic test in laparoscopic skills varies highly 
depending on which standard-setting method is used. Experi-
enced and novice laparoscopic surgeons have different expecta-
tions . Novices expect that other novices will be able to reach a 
higher test score during training than experts do. 
 
Strengths and limitations  
The focus of this study was on the choice of standard-setting 
method and its consequences. We examined this by using three 
different methods to set a pass/fail level. We calculated the fail 
rates amongst experienced and pass rates among novice laparo-
scopic surgeons to explore the consequences of the three differ-
ent standard-setting methods. The aim of the study was selected 
on the basis of the fact that few studies have been done within 
surgical training on the effects of standard setting on the pass/fail 
level, and even fewer on the consequences. Standard setting has 
been explored outside the field of surgical skills training. In the 
literature of medical education, studies describe that the 
pass/level depends on the choice of standard setting method 
(28). These findings are in accordance with findings from our 
study, with the fail rate amongst experienced surgeons varying 
from 0 to 50 per cent. Our result illustrates a high variance in the 
fail rate, which depended on the choice of standard-setting 
method.   

Choosing the right pass/fail level depends on 
the purpose of the test. Tests used when there are a limited 



 DANISH MEDICAL JOURNAL   9 

number of spaces, such as an entry-test for a surgical training 
programme, have a different purpose than tests used for assess-
ment during training. Testing used for formative or summative 
feedback should use an examinee-centred standard-setting 
method (28). To explore what the pass/fail should be, one must 
consider the level at which performance is considered sufficient. 
In proficiency-based training, the focus is on a high pass/fail level 
as trainees are expected to be not only competent but also profi-
cient. Setting new pass/fail levels for the TABLT would require the 
test to correspond to a different level of training in clinical prac-
tice. A new proficiency level could be used when trainees begin to 
do more advanced surgery, such as when they move from partial 
procedures to full procedures. In this way, different pass/fail 
levels on a test could be explored so that the progression in clini-
cal training corresponds to the progression in simulation training. 
This would ensure a continuous use of simulation training and 
help trainees prepare for each step in their continued progression 
in the clinical setting.  
 
Paper 4:  
Thinggaard E, Bjerrum F, Strandbygaard J, Konge L, Gögenur I. 
Take-home training facilitates distributed training, a randomized 
trial. Surgical Endoscopy 2016; Submitted.  
 
Background 
Acquiring surgical skills during simulation training is becoming a 
valuable addition to clinical training in the OR. Laparoscopic tech-
niques can be acquired in simulation-based training using simple 
box trainers, which enable training at home. Take-home training 
helps trainees overcome barriers and makes training accessible. 
Although the feasibility of take-home training has been investi-
gated, the effect of training at home has not been explored suffi-
ciently. It is necessary to explore the effects of take-home train-
ing. Training at home also presents the challenge of missing 
feedback when training unsupervised. Rating their own perfor-
mance may provide participants with a type of feedback, but the 
reliability of self-rating in laparoscopic training has not been 
thoroughly investigated. 
 
Objectives 
The objectives of this study were to investigate the added benefit 
of training at home in a simulation-based training programme and 
to explore if trainees were able to rate their own performance on 
the TABLT test.   
 
Methods 
We designed and conducted a randomised controlled trial with a 
blinded rater. Participants were doctors in their first year of train-
ing. Participants were recruited during a basic laparoscopic skills 
programme in which VRSs and BTs are used. After inclusion, 
participants were randomised to either having access to take-
home training or following the regular course with only on-site 
training. Participants used logbooks to record their training. Train-
ing patterns were measured, including the time to complete the 
training course, the time spent on training and the number of 
training sessions. 
 
Results 
Thirty-six participants were included in the study; 18 in each arm. 
We found a significant difference in the number of training ses-
sions (5.8 versus 2.3, p < 0.001). We found no difference in the 
time to complete the training programme (86 vs. 89 days, p = 
0.89), the time spent on training (302 vs. 218 minutes, p = 0.26) 

or the performance score (493 vs. 460, p = 0.07). Participants 
were able to rate their own performance using video recordings. 
Self-rating provided reliable ratings correlating well to those of a 
blinded rater; ICC 0.86, p < 0.001. 
 
Conclusions  
When free to choose, participants choose to train in a distributed 
manner. They divide their training into shorter sessions and they 
train more frequently. They do not take longer to complete a 
training course and do not spend more time on training. Partici-
pants in a laparoscopic skills course are able to rate their own 
performance using a simple scoring system. Ratings from self-
ratings are reliable. 
 
Strengths and limitations 
This study aimed to investigate the added benefit of training at 
home in a simulation-based laparoscopic training course. When 
designing the study we measured three equivalent outcomes: 
time to complete the training course, the time spent training, and 
the number of training sessions. For the sample size calculation 
we chose to use time to complete the training course. We antici-
pated that training at home would affect training patterns and 
make it possible for trainees to pass a test earlier. Training at 
home would reduce the length of the training course and allow 
trainees to start performing supervised surgery earlier. We also 
anticipated that participants would reach a higher proficiency 
level as they had more access to training. However, the length of 
the training course was determined by the mandatory elements 
of the course. The course started with an introduction course and 
ended with the operative course (63). Therefore, the length of the 
training remained unaffected. We also found no significant statis-
tical difference in the level of proficiency. Although there was a 
tendency for the scores of participants training at home to be 
higher, we were unable to conclude that this was due to the 
access provided in take-home training. Our finding corresponds 
well with the fact that participants were able to rate their own 
performance. Self-rating helped participants reach the required 
pass/fail level, but also acted as a minimum requirement for 
trainees to reach.  
  One limitation of our study design is the sample 
size calculation. For a randomised controlled clinical trial, only 
one measurement can be chosen for the sample size calculation. 
At the end of the study inclusion period of one year, we did a new 
sample size calculation to evaluate the feasibility of continuing 
the trial. The new sample size calculation showed us that more 
than 11,000 participants would be required to measure the dif-
ference using time to complete the course. Based on this calcula-
tion it was not feasible to continue the trial. Furthermore, the 
trial had already yielded significant results about what had been 
chosen as secondary outcomes. These significant results in com-
bination provided information on the distribution of training 
patterns amongst trainees. We designed the study as a random-
ised controlled trial set in an actual simulation-based laparoscopy 
course. As we conducted the trial in a real setting, we were una-
ble to control all variables. Thus, we pushed the boundaries of 
what is possible to investigate using a randomised controlled trial 
design. Despite the challenges with variables such as the on-going 
clinical training and the use of both VRSs and BTs, we still found a 
significant difference when comparing the two groups. Using a 
real laparoscopic course setting has helped us gain information 
on the distribution and training patterns chosen by participants, 
and has also provided valuable information about how home 
training affects participant behaviour in a real laparoscopic skills 
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course. Trainees divided their training into shorter and more 
frequent intervals. Participants opted for distributed training 
when training at home. However, these results do not address 
how and why the participants trained. To further explore these 
questions, a study with a different choice of methodology would 
be needed. ‘How’, ‘why’ and ‘what’ questions are in focus in 
medical education (94), but these questions were outside the 
scope of our study. 
   
Paper 5:  
Thinggaard E, Konge L, Bjerrum F, Strandbygaard J, Gögenur I, 
Spanager L. Take-home training in a simulation-based laparos-
copy course. Surgical Endoscopy 2016;1-8. 
 
Background  
It has been established that simulation-based training is effective 
for acquiring laparoscopic skills. Nevertheless, implementation of 
simulation-based training, particularly implementation of training 
that is accessible to trainees, has been slow to spread. Training at 
home has been shown to be feasible, but there has been little 
research into how and why trainees train as they do when train-
ing at home. Even fewer studies have addressed the need of 
feedback in unsupervised training and the role of self-rating as a 
mean of providing guidance in unsupervised training. 
 
Objectives 
The objectives of this mixed-methods study were to describe the 
used of BTs when training at home and to explore the training 
patterns, and how participants trained and what they trained on. 
 
Methods 
The study was designed as a mixed-methods study in which we 
incorporated methodologies from both quantitative research 
traditions and qualitative research traditions. The study consisted 
of two equally important parts: a descriptive quantitative analysis 
followed by a qualitative analysis of data from interviews. The 
participants were recruited amongst doctors on a basic laparo-
scopic skills course. All participants were offered training at home 
on mobile BTs and training at a simulation centre on VRSs and 
BTs. Participants were given logbooks to record when and how 
they trained. Data from logbooks were analysed using descriptive 
statistics and graphs. Focus groups and individual interviews were 
held and analysed by researchers following a content analysis 
methodology. 
 
Results  
We included 18 participants in the study. From the quantitative 
analysis we found that participants used an individualised ap-
proach to training. This finding was supported in the qualitative 
data, where participants described that they trained the task they 
wanted to train in the sequence they deemed most appropriate. 
Participants also mixed their training methods by training on both 
BTs and VRSs. They also mixed their use of training settings by 
training both at home and at the simulation centre. Participants 
integrated the possibility of training in a specific location at the 
simulation centre with the flexibility of training at home. Findings 
from the quantitative data analysis were used to direct the quali-
tative analysis. The qualitative analysis was conducted on data 
from focus groups and individual interviews. We identified the 
following themes: training method, training pattern, feedback 
and self-regulation. 
 

By way of conclusions, we found that training patterns varied and 
trainees used an individualised approach. Mandatory training 
strongly affected training patterns and testing provided this struc-
ture. We also found that self-rating helped guide participants 
during unsupervised training. 
 
Strengths and limitations 
This study was designed as a mixed-methods study. We chose to 
use methods from quantitative research traditions as well as 
qualitative research traditions. The mixed-methods methodology 
has been used in healthcare-related research as well as medical 
educational research (102). The quantitative part of our research 
was a descriptive statistical analysis, while the qualitative part of 
the study was an analysis of focus group and individual inter-
views. Selecting a mixed methodology enabled us to consider the 
weaknesses and strength of the study from both a quantitative 
approach and qualitative approach.  
 With regard to quantitative research, traditional sources 
of bias include internal validity, external validity, generalisability, 
reliability, and objectivity (97). The sample size in our study only 
consisted of 18 participants, which is a small sample size. The 
small sample size affects the external validity of the study and 
makes it more difficult to generalise the findings to another popu-
lation. Despite the small sample size, we were able to include a 
high variety of participants. Participants were both female and 
male, and were doctors from three different specialties, working 
at hospitals in various distances to the simulation centre. Partici-
pants were primarily novices and had different levels of experi-
ence with laparoscopic surgery. Having a variety of participants 
helps generalise the findings to other settings. The study was a 
descriptive study and we used descriptive statistics. This type of 
study is explorative and cannot provide confirmation of observa-
tions. A blinded randomised controlled study would have been 
better suited in order to establish confirmatory findings. Howev-
er, the aim of the study was to explore the use of take-home 
training and the methodology, so the sample was appropriately 
aligned with these aims. Bias related to objectivity included con-
sidering the role of the researcher in our project. The primary 
researcher had different roles, both as a faculty member present 
at the final test and also as the facilitator of the interviews. There-
fore, the researchers’ role was a source of bias that may have 
affected our findings. Within the qualitative research traditions, 
however, bias is treated in terms of trustworthiness (97, 98). To 
help provide transferability, it is recommended that researchers 
have an understanding of the context and that there is a sufficient 
length and number of data collection and collection sessions (98). 
The qualifications of the research group were appropriate. The 
research group behind the study consisted of researchers who 
were familiar with the use of qualitative research methodology, 
as well as researchers who were well versed in research in surgi-
cal skills training. This helped improve and ensure the transfera-
bility of knowledge generated from this study. Another source of 
evidence of trustworthiness is transferability, which includes 
reflective practice and having a transparent audit trail (98). Data 
collection was documented thoroughly to ensure an appropriate 
audit trail. To help improve the quality of the study we used 
different qualitative methodologies, both focus group interviews 
and individual interviews. Different sources of data helped ensure 
sufficient data for data triangulation and saturation, which is an 
important source of trustworthiness (97, 98). Iterative question-
ing was used during focus group and individual interviews, which 
improved the confirmability and credibility. An iterative question-
ing also ensured that meaning was explicit. Based on these con-
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trol mechanisms, which are part of the methodological frame-
work in quantitative research, there is ample evidence of trust-
worthiness to support the findings from our qualitative data 
analysis. 
 
DISCUSSION  
The overall purposes of the thesis were to review the current 
knowledge on training off-site in laparoscopy, develop and ex-
plore validity for a training and assessment system for off-site 
training, to investigate the effect of take-home training in a simu-
lation-based laparoscopic training programme, and to explore the 
use of take-home training. We have found (1) that training pro-
grammes for off-site training are based on a variety of instruc-
tional designs and educational theory, (2) that the TABLT test is 
supported by evidence of validity, (3) that the choice of standard 
setting method affects the pass/fail level of a test, (4) that train-
ees use an individualised and distributed approach to training 
when training at home, (5) that training requirements and testing 
are determinants of training patterns, and (6) that self-rating is 
reliable and helps provide guidance when training unsupervised. 
These findings are discussed below. 
 
Educational Theory and Take-Home Training 
In the first paper in this thesis we conducted a review of the 
literature on off-site training and found that a variety of educa-
tional theories and instruction designs are used in off-site laparo-
scopic training programmes. However, the educational theories 
or conceptual frameworks were rarely stated. It has been rec-
ommended that the conceptual framework is stated clearly and 
described when conducting research in medical education, alt-
hough this is often lacking in published literature (103). For re-
search in medical education, the theoretical framework is an 
essential part of establishing evidence in support of findings (44). 
Furthermore, it is recommended that educational theory is used 
as a foundation for successful curricular designs (26, 104). In our 
review we found that educational theory used in training pro-
grammes for off-site training included deliberate practice, profi-
ciency-based learning and self-regulated learning. Extant litera-
ture has recommended deliberate practice for acquisition of 
technical skills. Deliberate practice relies on the use of well-
defined tasks, distributed learning and immediate feedback (57). 
In off-site training it is a challenge to implement immediate feed-
back, as faculty is not readily available. In Paper 4 and Paper 5 in 
this thesis we asked trainees to use self-rating as a method of 
getting feedback. In Paper 4, self-rating was shown to be reliable 
and in Paper 5 we found that self-rating was seen as a useful 
source of feedback that helped guide unsupervised training. We 
also found that trainees used a distributed training pattern and 
that there was a significant difference in the training pattern. 
Participants training at home trained more often and in shorter 
intervals than participants who trained only at the simulation 
centre. This finding was confirmed in Paper 5 and participants 
described how they used an individualised approach by distrib-
uting training according to their schedule. Distributed training has 
shown to be effective and to improve retention (52). Another way 
to improve retention is through testing. In Paper 5 we found that 
testing and mandatory training requirements determine training 
patterns. Furthermore, that self-rating was seen as a help in self-
regulating in unsupervised training. In the review, we concluded 
that principles from the DSRL could help guide curricular design 
for simulation-based laparoscopic training off-site. DSRL could be 
used to help guide an independent learning approach in unsuper-
vised training. We did this by using self-rating to support the 

structural framework in Papers 4 and 5 (59, 60). We found that 
self-rating provided the needed structure to guide unsupervised 
training. DSRL is an emerging educational framework and its use 
remains to be shown in laparoscopic skills training. Recently, DSRL 
has been used in combination with principles of mastery learning 
and has been shown to be cost-effective (105). Mastery learning 
has recently received renewed attention in medical education 
literature and has been recommended (106-108). In laparoscopy, 
one study showed that mastery learning was effective when 
implemented in a curriculum for laparoscopic inguinal hernia 
repair (20). Laparoscopic training programmes have often been 
based on proficiency-based training that requires a higher level of 
performance from trainees than competency-based training (27). 
In mastery learning, however, participants are expected to reach 
consecutive levels of mastery during training. Mastery learning 
could be used in take-home training in laparoscopy. However, 
mastery learning requires high-quality assessment supported by 
evidence of validity in order to be effective (106). To implement 
principles of mastery learning it is necessary to develop a series of 
assessments. Also, mastery learning requires that current stand-
ard setting methods for testing are modified (109). The need to 
modify standard setting methods shows the importance of using 
educational theory for curricular designs. For a off-site training 
curricula to be effective it should be based on sounds educational 
theory so that content, assessments and clinical practice are 
aligned appropriately.  
 
Consequences of Testing and Validity  
Testing and setting a pass/fail level can be used to help trainees 
prepare for clinical practice. Testing is not only important in mas-
tery learning, but is also a part of proficiency-based training and 
also used in summative feedback (77). In Paper 3 we explored the 
immediate consequences of testing and the choice of standard 
setting method. We found that different standard setting meth-
ods resulted in different pass/fail levels. This finding was support-
ed in the literature on standard setting in medical education 
research (28). When implementing tests it is important that they 
are supported by a wide range of validity evidence (49, 72). The 
analysis of consequences of tests and their pass/fail levels is a 
source of evidence for validity in the unitary framework of validity 
(99). In Paper 2 we found evidence in support of validity for the 
TABLT test including evidence from the source of consequences 
of testing. Nonetheless, the analysis of the immediate conse-
quences of the pass/fail level is only part of the exploration of 
validity (75). Validity from the consequences of a test can include 
consequences to the trainees, faculty, patients and society in 
general. Consequences to the trainee are particularly important 
for a basic laparoscopic skills test used prior to supervised surgery 
of patients. Positive consequences of passing include a positive 
learning experience and increased confidence. However, if the 
pass/fail level is set too low, confidence may turn into overconfi-
dence as participants have not acquired the necessary level of 
competency. Failing has both positive and negative consequenc-
es. Negative consequences can include a lack of progress for 
trainees and trainees having to face the fact that they are not yet 
proficient. However, these consequences are outweighed by the 
need for patient safety. However, failing can also help partici-
pants to reflect on their level of competency and identify areas 
that need improvement. To address these consequences of test-
ing, a summative test could be accompanied by formative feed-
back. The consequences of testing are an important part of estab-
lishing evidence of validity and are the focus in the use/argument 
framework of validity proposed by Kane (71). The use/argument 
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approach validity framework highlights the decisions and the 
inferences made from test scores (69). In this framework it is 
important to clarify what inferences and which decisions will be 
made from test scores (71). Inferences from test scores could 
include insight into the proficiency level in laparoscopic surgery 
and decisions could include an evaluation of a trainee’s readiness 
to perform unsupervised surgery in a clinical setting. The 
use/argument approach relies on an exploration of scoring, gen-
eralising, exploration and implications (71). The use/argument 
has been used recently to explore validity for the Objective Struc-
tured Assessment of Technical Skills in current literature (110). In 
both the unitary framework of validity and the use/argument 
approach, validity is seen as a continuous process. Validity is seen 
as a process in which evidence is gathered to support validity 
(70). In the second paper in this thesis we used the unitary 
framework of validity. However, the TABLT test has since been 
implemented in a cross-specialty course. After the implementa-
tion, new consequences have emerged and the use/argument 
approach could be used to further explore validity evidence for 
the TABLT test. The focus on the analysis of consequences for 
testing demonstrates the importance of the effect of testing on 
training.  
 
Training Patterns and Distributed Learning.  
When participants trained without supervision, we found that 
they adopted an individualised and distributed training pattern. 
Distributed practice is an improvement on massed practice and 
has been recommended for laparoscopic skills training (27, 104). 
Distribution of training improves retention (52, 53), although the 
optimal frequency of training has not been determined (56). In 
Paper 4 we found that participants use a distributed training 
pattern. This was supported in Paper 5. The descriptive statistical 
analysis revealed a tri-phasic training pattern. The first phase was 
one of moderate training intensity, the second phase was a peri-
od of low-intensity training and the third phase was one of high-
intensity training. We were able to triangulate these findings 
using quantitative and qualitative data analysis. Training patterns 
were discussed in detail during the focus group interviews and 
individual interviews. In the qualitative analysis we looked at why 
this training pattern emerged. In the first part of the tri-phasic 
training pattern, participants had to overcome the initial chal-
lenge of setting up the system. They overcame this challenge by 
being motivated by having access to training, which also helped 
them adopt a moderate level of training intensity. However, 
training intensity was reduced during the second phase of the 
training, which could be seen as a lack of internal motivation. Due 
to the requirements in clinical work placing and other time con-
straints, internal motivation was insufficient for maintaining a 
moderate training intensity. In the third phase of training, partici-
pants had a high level of training intensity. This high level of train-
ing intensity was described as being associated with the ap-
proaching test deadline. Participants were freely able to organise 
their testing sessions and could come for testing whenever they 
pleased. Nonetheless, 80 per cent of participants decided to go 
for testing within a week of the operative course. This finding 
suggests that deadlines posed by testing or other mandatory 
training elements provided external motivation to train. Training 
requirements ensure that participant train to reach a sufficient 
level of competency.  
 
Testing and mandatory training requirements 
Testing is said to be a driver of learning (111) and is an important 
part of competency-based medical education, particularly profi-

ciency-based training. Although testing is a driver of learning, 
learning can vary from trainee to trainee and depends on several 
other factors, such as internal motivation (112). Despite this 
variation, testing has shown to improve learning outcomes (47). 
Testing in laparoscopy has been introduced as part of proficiency-
based training (27) and the effects of proficiency-based training 
have been demonstrated (29). In Paper 1 we found that many 
instructional designs for off-site training included testing. Fur-
thermore, it has been recommended to implement testing in off-
site training programs (113). In Paper 5 we found that testing and 
mandatory training are determinants of training patterns. Partici-
pants trained according to their needs and external requirements 
such as mandatory testing. From the logbooks and interviews we 
found that participants trained in a tri-phasic training pattern, and 
the highest training intensity was seen when the deadline to pass 
a test approached. Although many other sources of motivation 
exist, our study showed that testing can help ensure that trainees 
reach a necessary level of technical competency. Implementing 
testing in a off-site simulation-based training program can help 
trainees prepare for supervised surgery on patients. Testing will 
hereby ensure that both trainees and patients benefit. 
 
Unsupervised Training and Self-Rating 
Take-home training is challenged by the fact that feedback from 
faculty is not readily available in unsupervised training. As an 
alternative, we asked the participants to rate their performance. 
In Paper 5 we explored the role of self-rating. Feedback and self-
rating was discussed in the interviews and self-rating was men-
tioned as a source of feedback. Self-rating was described as being 
useful especially when preparing for testing. We believe that self-
rating is perceived in this way because the testing system is rela-
tively simple but still relevant for novice laparoscopic surgeons. It 
is easy for participants to interpret the scores as they are based 
on the number of errors and time. While some may criticise this 
as a simplification of the skills needed in laparoscopic surgery, the 
TABLT test was developed for basic technical skills. Simple numer-
ic feedback based can provide useful feedback when training to 
pass a test (114). However, narrative feedback has shown to be 
effective for complex skills training (115, 116) and we suggest that 
narrative feedback from supervising surgeons could be imple-
mented when simulation training is used for more advanced 
training. Narrative feedback will also help provide participants 
with information on other skills that are relevant to laparoscopic 
surgery, such as how to ensure proper ergonomy when working. 
In our study, self-rating allowed trainees the freedom to choose 
when to get feedback and this has shown to be effective as partic-
ipants are in control of when they receive feedback (117). In 
Paper 4 we found that participants saw self-rating as a useful 
method with which to guide their training and was useful for 
directing self-regulation. The use of DSRL for laparoscopic training 
programmes off-site was discussed in Paper 1 and we concluded 
that this could be a potentially useful educational theory for off-
site training programmes. DSRL is based on SRL which is im-
portant in unsupervised training and is recommended in a recent 
systematic review on simulation-based training (61). DSRL is when 
the focus is on autonomous learning combined with the need to 
guide trainees in their learning experiences (60). Faculty can 
provide facilitation and a framework in SRL by using principles of 
DSRL (59). In Paper 5 we could see that the principles DSRL were 
in use. Self-rating was used to provide guidance in unsupervised 
training. Participants were able to self-regulate within a struc-
tured framework. This was described as an individualised ap-
proach that was structured by mandatory training requirements. 
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CONCLUSIONS 
Laparoscopic surgery requires very specific skills. Basic skills can 
be acquired through simulation-based training outside the OR. 
Simulation-based training is an effective method of instruction, 
but barriers to simulation training exist and implementation 
remains to be explored. Take-home training has been suggested 
as a solution to overcome barriers and we have explored this 
topic in the present thesis. We have created an overview of the 
literature on off-site training, developed and explored validity for 
a test for off-site training, looked at the consequences of the 
pass/fail levels for this test, and – through a randomised con-
trolled trial and mixed-methods study – found that off-site train-
ing allows for distribution training. Furthermore, we established 
that self-rating is reliable, that self-rating help guide unsupervised 
training, and that mandatory training requirements and testing 
are determinants of training patterns. From these findings we 
conclude that training off-site is effective when there is access to 
training, guidance during training and mandatory training re-
quirements.  

IMPLICATIONS AND FUTURE RESEARCH 
The findings presented in this thesis offer several practical impli-
cations. The TABLT test has been implemented in a simulation-
based cross-specialty laparoscopic training programme (63), the 
TABLT test has been used in research, to explore the use of laser 
visual guidance (118) and is being used in an on-going research 
project to investigate the feasibility of self-certification. Further-
more, the TABLT test and findings from the thesis have some 
potential future implications. The TABLT test could be used in 
current cross-specialty laparoscopic training courses and passing 
the test could be implemented as a prerequisite for supervised 
surgery on patients. Our results regarding distributed training 
patterns indicate that laparoscopic training courses should move 
away from one-day courses and boot camps, and instead use an 
approach that encourages distributed practice. 

Our findings and the discussion thereof have 
shown some of the gaps in current literature and can help guide 
new research in this area. Off-site training still remains to be 
explored in more depth, especially research that aims to explore 
the use in settings where simulation training is not accessible to 
trainees. Research should look at the role off-site training as long 
distance courses using internet-based simulation courses. Feed-
back should be a focus for this type of research especially for 
advanced laparoscopic skills. How best to implement feedback in 
off-site training should be examined. Investigating off-site training 
is of particular importance in countries where laparoscopy is still 
being implemented.  

A limitation in our studies is that we did not ex-
plore the transfer of skills from training on TABLT into the clinical 
setting. Future research should investigate this more thoroughly. 
Research should aim to explore the use of mastery learning and 
different standard-setting levels and how this affects perfor-
mance. Different pass/fail levels could be established for corre-
sponding levels of clinical advancement and the effect of contin-
ued simulation training throughout the clinical progression of 
trainees should be investigated. Simulation training has a role not 
only in preparing trainees for clinical practice but also as a sup-
plement for technical skills training in clinical practice. Further-
more, laparoscopic training also has a potential in maintaining 
technical skills and this aspect of simulation-based training re-
mains to be explored in more depth.  

Simulation-based training in laparoscopy has 
become an indispensable part of how trainees acquire laparo-
scopic skills. However, for simulation-based training to be effec-
tive we need to explore its role continuously. As the implementa-
tion of laparoscopic training spreads we need to move outside 
single institutions and simulation centres and conduct multiple 
centre research on a national and international level. National 
and international collaboration will help gain further insight in 
how to optimize simulation-based training, how best to equip our 
trainees and most importantly how to ensure that our patients 
receive the best surgical care we can deliver.  
 
SUMMARY 
When laparoscopy was first introduced, skills were primarily 
taught using the apprenticeship model. A limitation of this meth-
od when compared to open surgery, was that it requires more 
time to practise and more frequent learning opportunities in 
clinical practice. The unique set of skills required in laparoscopy 
highlighted the need for new training methods that reduce the 
need for supervision and do not put the patient at risk. Simulation 
training was developed to meet this need. The overall purpose of 
this thesis was to explore simulation-based laparoscopic training 
at home. The thesis consists of five papers: a review, a validation 
study, a study of methodology, a randomised controlled trial and 
a mixed-methods study. Our aims were to review the current 
knowledge on training off-site, to develop and explore validity for 
a training and assessment system, to investigate the effect of 
take-home training in a simulation-based laparoscopic training 
programme, and to explore the use of take-home training.  

The first paper in this thesis is a scoping review. 
The aim of the review was to explore the current knowledge on 
off-site laparoscopic skills training. We found that off-site training 
was feasible but that changes were required in order for it to 
become an effective method of training. Furthermore, the select-
ed instructional design varied and training programmes were 
designed using a variety of educational theories. Based on our 
findings, we recommended that courses and training curricula 
should follow established education theories such as proficiency-
based learning and deliberate practice. Principles of directed self-
regulated learning could be used to improve off-site laparoscopic 
training programmes.  

In the second study, we set out to develop and 
explore validity evidence of the TABLT test. The TABLT test was 
developed for basic laparoscopic skills training in a cross-specialty 
curriculum. We found validity evidence to support the TABLT test 
as a summative test in a basic laparoscopic training programme. 
We also established a credible pass/fail level using the contrasting 
groups method. We concluded that the TABTL test could be used 
to assess novice laparoscopic trainees across different specialties 
and help trainees acquire basic laparoscopic competencies prior 
to supervised surgery.  

In the third study, we aimed to explore the con-
sequences of the choice of standard setting method and whether 
there is a difference in terms of how high a score experienced and 
novice laparoscopic surgeons expect that novices should achieve 
during training. We used three different standard setting meth-
ods and found that pass/fail levels vary depending on the choice 
of standard setting method. We also asked experienced and 
novice laparoscopic surgeons how high a score they expected a 
novice laparoscopic surgeon should achieve on a test during 
training. We found a significant difference, with experienced 
surgeons setting a lower pass/fail level. We concluded that an 
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established standard setting method supported by evidence 
should be used when setting a pass/fail level.   

In the first and second papers of this thesis, we 
found that off-site training is feasible and explored validity for the 
TABLT test. We used this knowledge in the fourth study to design 
a randomised controlled trial. The aim of the trial was to investi-
gate the effect of take-home training in a simulation-based lapa-
roscopic course. We hypothesised that training at home could 
help trainees plan their training according to their own schedule 
and thereby increase the effect of training. We found that partici-
pants had a distributed training pattern; they trained more fre-
quently and in shorter sessions. We also found that participants 
were able to rate their own performance during unsupervised 
training and that self-rating was reliable.  

The fifth and final study of the thesis was a 
mixed-methods study that aimed to explore the use of take-home 
training. To meet this aim, we recruited participants from the 
intervention arm in our randomised controlled trial. All partici-
pants had access to the simulation centre and were given a port-
able trainer to train on at home. Participants were asked to use a 
logbook during training. At the end of the course, they were 
invited to take part in focus group interviews and individual inter-
views. Based on data from logbooks, a descriptive statistical 
analysis was conducted and data from interviews were analysed 
using a content analysis. We found that participants took an 
individualised approach to training when training at home. They 
structured their training according to their needs and external 
requirements. We concluded that mandatory training require-
ments and testing help determine when and how much partici-
pants train. We also found that self-rating can guide unsupervised 
training by giving clear goals to be reached during training.  
From the papers included in the thesis, we found that the litera-
ture describes training at home as a feasible method of acquiring 
laparoscopic skills. Nonetheless, changes to current training pro-
grammes are needed in order to make this method effective. We 
then developed and explored validity evidence for the TABLT test. 
We also established a reasonable pass/fail level and went on to 
explore the immediate consequences of the pass/fail level. Using 
our knowledge from the review, we conducted a randomised 
controlled trial and a mixed-method study. Based on these stud-
ies we found that training at home allows for distributed learning, 
that self-rating guides unsupervised training, and that mandatory 
training requirements and testing strongly influence training 
patterns. Access to training, guidance during training, and manda-
tory training requirements will make take-home training not just 
feasible but also effective. 
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