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Abstract
Background Simulation-based training may be used to acquire MIS skills. While mostly done in a simulation center, it is 
proposed that this training can be undertaken at-home as well. The aim of this study is to evaluate whether unsupervised 
at-home training and assessment of MIS skills is feasible and results in increased MIS skills.
Methods Medical doctors and senior medical students were tested on their innate abilities by performing a pre-test on a 
take-home simulator. Henceforth, they followed a two-week interval training practicing two advanced MIS skills (an inter-
rupted suture with knot tying task and a precise peg transfer task) and subsequently performed a post-test. Both tests and all 
training moments were performed at home. Performance was measured using motion analysis software (SurgTrac) and by 
expert-assessment and self-assessment using a competency assessment tool for MIS suturing (LS-CAT).
Results A total of 38 participants enrolled in the study. Participants improved significantly between the pre-test and the 
post-test for both tasks. They were faster (632 s vs. 213 s, p < 0.001) and more efficient (distance of instrument tips: 9.8 m 
vs. 3.4 m, p = 0.001) in the suturing task. Total LS-CAT scores, rated by an expert, improved significantly with a decrease 
from 36 at the pre-test to 20 at the post-test (p < 0.001) and showed a strong correlation with self-assessment scores (R 0.771, 
p < 0.001).
The precise peg transfer task was completed faster (300 s vs. 163 s, p < 0.001) and more efficient as well (14.8 m vs. 5.7 m, 
p = 0.005). Additionally, they placed more rings correctly (7 vs. 12, p = 0.010).
Conclusion Unsupervised at-home training and assessment of MIS skills is feasible and resulted in an evident increase in 
skills. Especially in times of less exposure in the clinical setting and less education on training locations this can aid in 
improving MIS skills.
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Teaching residents in the operating room is effective but may 
be inefficient and costly [1, 2]. An alternative is training pre-
clinically using simulation models. Simulation-based train-
ing for minimally invasive surgery (MIS) skills has proven 
to be effective and efficient in developing transferable skills 
[3–5]. However, these studies used expensive high-fidelity 
MIS equipment and training was based in simulation cent-
ers, making it costly and not readily available. An alterna-
tive is using low-fidelity simulators. This has previously 
been proven effective in the development of surgical skills 
as well [6–8]. The true benefit of low-fidelity, low-budget 
simulators is best appreciated when the simulator can be 
used at-home [9]. Firstly, at-home training has the advan-
tage that it can be done when convenient and avoids trainees 
from having to train when feeling fatigued and stressed [9]. 
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Trainees can follow a practice schedule that is more optimal 
for skill development and retention, such as interval train-
ing or spaced learning [24]. In contrast, training in simula-
tion centers is often based on the concept of bulk training 
or massed practice with little repetition. At-home training 
allows for distribution of practice and the repetition needed 
for deliberate practice [9].

The second advantage of at-home training is that it is very 
cost effective, because there is no need for costly simulation 
centers [9]. Especially when using low-budget box trainers, 
at-home training comes with little cost [10].

Lastly, during periods of little clinical exposure or hands-
on courses (such as during the COVID-19 pandemic) it 
may be used by trainees to acquire and retain surgical skills 
needed for complex MIS procedures [11–13].

An important aspect of at-home training is that it is unsu-
pervised and trainees do not receive immediate expert feed-
back. Especially when training complex procedural skills 
receiving feedback is important [14]. However, this does 
not necessarily have to be expert feedback. Previous studies 
have shown promising results with self-assessment and self-
rating, which can help guide trainees during unsupervised 
training at home [15].

The aim of this study is to evaluate the feasibility and 
benefit of unsupervised at-home training and assessment of 
MIS skills.

Methods

Participants

Senior medical students, medical doctors, and PhD students 
of Radboudumc, Nijmegen, and UMC Utrecht, Utrecht, the 
Netherlands were recruited to participate in this study in 
the period of May–September 2020. Participants with sur-
gical knowledge and interest but without (unsupervised/
independent) surgical experience were included. All par-
ticipants completed an informed consent form and agreed 
with anonymous processing of the data.

Approval of the ethics committee of the institution Rad-
boudumc was obtained and approval of the ethical board 
approval of the ethics committee of Arnhem and Nijmegen 
was waived. The study was performed in accordance with 
the ethical standards as laid down in the 1964 Declaration 
of Helsinki and its later amendments or comparable ethical 
standards.

MIS at‑home simulator

The take-home simulator used in this study was the Laparos-
copyBoxx (Outside the Boxx, Nijmegen, The Netherlands) 
[10, 16]. This is a low cost wooden box trainer, which is 

distributed as a build-yourself package (Fig. 1). This MIS 
take-home trainer is light weight and easily transported. It 
has three or five instrument ports and has an opening in the 
center of the top panel, which is designed for the camera of 
a smartphone or a tablet. In this study a tablet (Lenovo P10) 
was used to serve as the screen. The instruments used dur-
ing this study were a 5 mm needle holder, two graspers (one 
curved and one straight), a dissector and scissors.

Tasks

All participants practiced a precise peg transfer task and a 
suturing task (both adapted from Fundamentals of Laparo-
scopic Surgery) [17]. Peg transfer was chosen because it is 
one of the more basic tasks, allowing trainees to learn basic 
MIS skills. Suturing and knot tying on the other hand is one 
of the most advanced FLS tasks, requiring more dexterity 
and precision which results in better discrimination between 
skilled and unskilled trainees.

The precise peg transfer task required participants to 
move the six small pegs, which were placed on pins on the 
left side of the board, to the right side of the board, and 
subsequently back to the left side (Fig. 1a). Pegs had to be 
lifted with a grasper in the non-dominant hand and trans-
ferred mid-air to the dominant hand. Following, each peg 
was placed on a pin on the right side of the board. After 
correct placement of all pegs, the task was repeated to the 
other side. The maximum time for this task was five minutes.

The suturing task consisted of placing one interrupted 
suture in a suturing pad (15 cm braided 3–0 suture with 

Fig. 1  a Precise peg transfer task. b Suturing task performed on the 
LaparoscopyBoxx take-home simulator [16, 22]
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17 mm 3/8 curved needle) and performing an intracorporeal 
surgical knot (Fig. 1b), without a time limit.

All training and test sessions were performed at-home, 
without a supervisor present. During training sessions writ-
ten instructions, a poster with the steps and video instruc-
tions on the separate tasks were provided for guidance. No 
other supervision or guidance was given. During the test 
moments both the precise peg transfer task and suturing task 
were performed.

Evaluation of skills

Motion analysis

For motion analysis the SurgTrac software (Eosurgical ltd., 
Edinburgh, Scotland, United Kingdom) was used [18, 19]. 
The application was installed on the tablet and used during 
training (Lenovo P10) and test sessions to track the instru-
ment tips. This software allows for instrument tracking by 
means of the colored markings on the instrument tips (red 
for the instrument in the dominant hand and blue for the 
instrument in the non-dominant hand). The parameters pro-
vided by this software system for each task were time needed 
to perform the procedure (seconds), mean off-screen time for 
the instruments of the right and left hand (percentage), dis-
tance traveled by the instrument tips (meters), workspace in 
between the instrument tips (meters), handedness (percent-
age), speed (m/s), acceleration (m/s2), and smoothness (m/
s3). SurgTrac was used to assess the performance of both the 
precise peg transfer task and the suturing task.

Expert‑assessment and self‑assessment

The competency assessment tool for laparoscopic suturing 
(LS-CAT) was used for self-assessment and expert-assess-
ment of the suturing task. This is a previously developed 
and validated competency assessment tool [20]. It consists 
of two vertical columns (one for instrument handling and 
one for tissue handling) and four horizontal rows which 
represent the four different tasks of laparoscopic suturing 
(pick-up needle in correct orientation to make bite; pass 
needle through two edges of tissue with appropriate bite 
placement and tissue handling; create first double throw of 
the knot and tighten correctly; knot tying). This results in 
eight separate items which are scored on a scale of one to 
four. A lower score indicates a more proficient performance 
with a score of eight as a perfect score and 32 as a poor 
performance score. A third column represents the number 
of errors which are scored on four domains for each task, 
resulting in 16 separate items (Fig. 2). The LS-CAT was 
completed by participants after the pre-test and the post-test 
as self-assessment. Additionally, a blinded expert observer 
assessed the video performance of all test sessions of the 

participants and scored their performance on the LS-CAT 
for expert-assessment.

Outcome parameters

Primary outcome parameters for the precise peg transfer 
were total time needed and distance traveled by the instru-
ment tips. Secondary outcome parameters were the number 
of correctly transferred pegs and errors (number of pegs 
dropped) which were noted by blinded researchers, after 
evaluation of each test video.

The performance of the suturing task during the test 
sessions was assessed by the parameters of the SurgTrac 
software. Increase in skill level (primary outcome) was 
measured by the total time needed and distance traveled by 
the instrument tips, because previous studies have shown 
evident construct validity for these two parameters [21, 22]. 
Furthermore, the LS-CAT was used for self-assessment and 
expert-assessment to provide an objective assessment of the 
quality of the suture and the knot (secondary outcome). All 
test videos were assessed by a blinded expert observer, who 
had extensive experience using the LS-CAT form.

Protocol

All participants completed a short questionnaire on their 
demographic data and surgical experience. They performed 
a pre-test to determine their innate abilities. Thereafter, they 
performed an at-home interval training schedule in which 
they practiced six times within two weeks. Written and video 
instruction of the two surgical tasks were provided as well as 
a self-assessment form of the suturing task. Practice sessions 
were 90 min and both tasks were practiced each session, 
all sessions were logged in SurgTrac. This training sched-
ule was based on previous research showing superiority of 
interval training over bulk training [23]. Participants did not 
receive further guidance during training or test sessions due 
to the COVID-19 pandemic. After the training program, all 
participants performed a post-test. The test sessions were 
recorded with the camera of the tablet used by the partici-
pants and videos were submitted to the researchers. Videos 
of the test sessions were assessed on errors for the ring trans-
fer task and scored with the LS-CAT for the suturing task by 
a blinded researcher.

Statistical analysis

Data were analyzed using IBM SPSS statistics 25 (Armonk, 
NY: IBM Corp) and R (3.6.2, rmcorr package). Differences 
in performance between the two time points were analyzed 
with a related samples Wilcoxon. A p-value of < 0.05 was 
considered statistically significant.
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The correlation between self- and expert-assessment 
of the LS-CAT was determined using the Spearman’s rho 
(repeated measures correlation for the combination of time 
points), on a 2-tailed significance level of p < 0.05. An R 
of < 0.200 was considered a very weak or no correlation, an 
R of 0.200–0.399 was considered a weak correlation, an R 
of 0.400–0.599 a moderate correlation, an R of 0.600–0.799 
a strong correlation, and an R of ≥ 0.800 was considered a 
very strong correlation.

A sample size calculation was performed with a power 
of 0.80 and an alpha of 0.05. In order to find a difference of 
360 s in total time needed for the suturing task, 34 partici-
pants were needed. To account for possible drop-out during 
the study, 38 participants were included.

Results

A total of 38 participants enrolled in the study. Mean time 
between the pre-test and the post- test was 15 days (SD 1.4). 
The majority of participants were female (60%) and the aver-
age age was 25 years (SD 2.2). The majority were medical 
students (66%), followed by medical doctors not in training 
to become surgeons (26%) and PhD-candidates (8%).

The majority of participants had seen open (97%) and 
MIS (97%) surgical procedures and assisted in open (89%) 
or MIS (82%) procedures. No participants had performed 
any MIS procedures by themselves (Table 1).

Skill acquisition

Peg transfer

Participants improved significantly between the pre-test and 
post-test for both tasks. For the precise peg transfer task, the 
time needed to complete the task decreased evidently from 
the maximum set limit (300 s) to 163 s (p < 0.001). The total 
number of correctly placed pegs almost doubled (7 pegs vs. 
12 pegs, p = 0.010), whereas the number of pegs dropped 
decreased from 1 to 0 pegs (p = 0.010). The distance of the 
instrument tips decreased considerably (14.8 m vs. 5.7 m, 
p = 0.005). The smoothness increased from 0.08 to 0.18 mm/
s3 (p < 0.001) (Table 2).

Fig. 2  Competency assessment tool for laparoscopic suturing (LS-CAT) [20]
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Suturing

The total time needed for the suturing task decreased sig-
nificantly (632 vs. 213 s, p < 0.001). The distance traveled 
of the instrument tips decreased by more than half (9.8 vs. 
3.4 m, p = 0.001) (Table 3,).

Expert assessment of videos of the suturing task showed 
an evident increase in skills between the pre-test and the 
post-test. The expert total LS-CAT scores decreased 
from 36 at the pre-test to 20 at the post-test (p < 0.001) 

(Table 1). Instrument handling scores decreased by one 
third (pre-test: 15 vs post-test: 9.4, p < 0.001) with the 
most improvement for the task ‘create first double wind/
throw of the knot and tighten correctly’ (p < 0.001). A 
similar increase in skills was found for tissue handling as 
well (pre-test: 15 vs. post-test: 9.5, p < 0.001). The total 

Table 1  Demographics properties of the participants

Values are depicted as mean with standard deviation or number with percentage

Total group
(n = 38)

Age 25.0 (2.2)
Gender (%)
 Male 15 (40)
 Female 23 (60)

Profession (%)
 Medical student 25 (66)
 Medical doctor 10 (26)
 PhD-candidate 3 (8.0)

Performed Assisted Seen

Open surgery
 0  29 (76)  4 (11)  0 (0)
 0–5  6 (17)  5 (13)  2 (5.3)
 5–10  2 (5.3)  6 (16)  2 (5.3)
 10–20  1 (2.6)  9 (24)  6 (16)
 20–50  0 (0)  9 (24)  13 (34)
  > 50  0 (0)  5 (13)  15 (40)

Minimally invasive surgery
 0  38 (100)  7 (18)  0 (0)
 0–5  0 (0)  18 (47)  3 (7.9)
 5–10  0 (0)  13 (34)  2 (5.3)
 10–20  0 (0)  0 (0)  16 (42)
 20–50  0 (0)  0 (0)  10 (26)
  > 50  0 (0)  0 (0)  7 (18)

Table 2  SurgTrac parameters of the precise peg transfer task

Values are stated as median with interquartile range. Groups are com-
pared with a related samples Wilcoxon

Peg transfer task Pre-test Post-test p-value

SurgTrac parameters
 Total time (s) 300 (3.0) 163 (63)  < 0.001
 Distance (m) 14.8 (30) 5.7 (9.9) 0.005

Pegs transferred
 Total pegs (N) 7.0 (8.0) 12 (0.0) 0.010
 Pegs dropped (N) 1.0 (2.0) 0.0 (1.0) 0.010

Table 3  SurgTrac parameters of the suturing task and expert-assess-
ment with LS-CAT 

Values are stated as median with interquartile range. Groups are com-
pared with a related samples Wilcoxon

Suturing task Pre-test Post-test p-value

SurgTrac parameters
 Total time (s) 632 (411) 213 (119)  < 0.001
 Distance (m) 9.8 (13) 3.4 (5.0) 0.001

LS-CAT (expert-assessment)
 Instrument handling 15 (1.0) 9.0 (6.0)  < 0.001
 Tissue handling 16 (2.0) 8.0 (6.0)  < 0.001
 Errors 6.0 (5.0) 1.0 (2.0)  < 0.001
 Total score 37 (7.0) 19 (12)  < 0.001
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number of errors decreased evidently from 6.6 at the pre-
test to 1.3 at the post-test (p < 0.001) (Table 3).

Self‑assessment suturing task

The self-assessment scores (how participants rated their own 
performance; a lower score reflecting a better performance) 
on the LS-CAT decreased significantly between the pre-
test and post-test (total score 45 to 26 (p < 0.001) (Table 4). 
Instrument handling decreased from 14 to 10 (p < 0.001) 
with the most improvement in the score for ‘knot tying’ 
(from 4.0 to 2.5, p < 0.001). Tissue handling decreased from 
13 to 10 (p < 0.001), with a decrease from 3.0 to 2.0 for each 
of the four steps (p < 0.001 for all).

The number of self-reported errors decreased signifi-
cantly as well (from 16 to 6, p < 0.001), with the most evi-
dent decrease for the steps ‘pick up the needle and make the 
first bite’ (from 7.0 to 2.0, p < 0.001) and ‘knot tying’ (from 
3.0 to 1.0, p < 0.001).

Correlation expert‑ and self‑assessment

Comparison of self-assessment and expert-assessment 
scores showed a strong correlation for the total LS-CAT 
scores (R 0.771, p < 0.001) and for the errors (R 0.680, 

p < 0.001). Additionally, a very strong correlation was found 
for the components instrument handling (R 0.815, p < 0.001) 
and tissue handling (R 0.815, p < 0.001) (Table 4 and Fig. 3). 
As shown in Table 4, the correlations were weaker when 
evaluated for the separate test moments.

Discussion

This study showed an evident increase in skills between the 
pre-test and the post-test indicating that unsupervised at-
home training of MIS skills is feasible and beneficial. This 
study is the first in measuring skill increase after unsuper-
vised at-home training by expert-assessment, self-assess-
ment, and movement analysis parameters. All three out-
come measures indicate an increase in skills after a period 
of unsupervised at-home training. This implies that at-home 
training without expert guidance is beneficial for MIS skill 
acquisition.

Written instructions, posters with the steps of the tasks 
and videos of the tasks were provided, the participants 
received no expert guidance or feedback during training or 
test sessions. Nevertheless, there was strong evidence for 
an increase in the skills of the participants. This finding 
is in line with previous research of Bruwaene et al., who 

Table 4  Correlation between expert-assessment and self-assessment calculated with the Spearman’s rho (< 0.200 no correlation; 0.200–0.399 
weak correlation; 0.400–0.599 moderate correlation; 0.600–0.799 strong correlation, ≥ 0.800 very strong correlation)

Scores are depicted as median with interquartile range. Rho is depicted with 95% confidence intervalss

Correlation LS-CAT scores Expert-assessment Self-assessment Spearman’s rho p-value

Instrument handling 14 (3.9) 12 (2.6) 0.815 (0.63–0.92)  < 0.001
Tissue handling 14 (3.9) 12 (2.5) 0.815 (0.62–0.92)  < 0.001
Errors 3.0 (3.9) 11 (12) 0.680 (0.39–0.85)  < 0.001
Total score 29 (11) 34 (15) 0.771 (0.54–0.89)  < 0.001

Fig. 3  Scatterplot of the 
correlation between Expert-
assessment and self-assessment 
for the total LS-CAT scores 
and the components instrument 
handling and tissue handling
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compared a group with expert feedback with an unsuper-
vised training group. In this study no difference in perfor-
mance of MIS suturing scores were detected after an initial 
supervised training session [24]. Korndorffer et al. found 
similar results showing that at-home unsupervised training 
resulted in excellent basic MIS skill acquisition [9]. Our 
study shows that unsupervised at-home training is feasible 
even without initial supervised training.

The trainees in this study used self-assessment to evalu-
ate their test sessions. Previous research has shown that 
self-assessment and reflection-before-practice results in an 
increase in technical skills [25, 26]. Evaluation before and 
after practice enables trainees to identify tasks or parts of 
procedures where improvements can be made. Our study 
shows a strong correlation between self-assessment and 
expert-assessment scores, however, only a weak correlation 
was found when the pre-test and post-test were analyzed 
separately. This might be due to smaller sample size when 
time points are analyzed separately. Furthermore, there were 
large differences in the number of errors scored by partici-
pants versus the number of errors scored by experts for the 
pre-test, resulting in a larger difference in total scores for that 
specific time point. Another explanation might be the use 
of trainees that were unskilled for MIS suturing, or that the 
trainees did not evaluate the assessment form before the start 
of the first training and were not aware what was expected 
for a good performance. Previous research has shown that 
trainees that are unskilled in a particular domain lack the 
ability to realize that they are incompetent (unconsciously 
incompetent) [25–30]. As a result, unskilled trainees will be 
less able to recognize competence compared to more com-
petent peers or experts. With increased experience of the 
trainees, the correlation between self- and expert-assessment 
will increase, which was seen in our results as well (pre-test 
R 0.071 vs post-test R 0.299). Self-assessment can aid in 
increasing competence by making trainees aware of their 
strengths and weaknesses. Although it is no replacement 
for expert-assessment it may be beneficial for guidance and 
evaluation during unsupervised at-home training [25].

At-home training has many advantages. It enables trainees 
to train during optimal moments for themselves and account 
for fatigue or negative stressors, which could affect their 
performance. This type of effortful and deliberate practice 
leads to explicit motor learning [31]. Self-regulated practice 
sessions have been shown to have a positive effect on motor 
learning retention [32, 33]. Furthermore, at-home trainees 
can devote their full attention to learning the MIS task, 
whereas training in a simulation center or hospital setting 
may cause distractions and limited focus [9, 34]. Moreover, 
at-home training using box trainers is less costly than using 
a simulation center [35] and is better suited for spaced learn-
ing. The latter resulting in increased skill acquisition and 
retention. However, merely providing surgical residents with 

box trainers for at-home training does not seem to incen-
tivise trainees to practice [36, 37]. A systematic review by 
Gostlow et al. on motivation for participation in simulation-
based training of MIS found lack of available time to be the 
greatest barrier. Furthermore, trainees favored training for 
specific procedures over basic tasks [38]. These motivators 
need to be taken into account when developing an at-home 
training schedule for trainees.

Limitations

Although surgical residents are the target group of this 
study, they were not included as participants. Residents are 
exposed to more confounders (such as training and work-
shops on MIS skills and exposure to MIS procedures in 
the clinical setting) and subsequently introduce bias in the 
results. Therefore, participants with surgical knowledge and 
interest, but without MIS experience, were included.

Because test and training sessions were conducted at-
home, the setting in which they took place may have varied 
among participants (e.g., background noise, fatigue). Par-
ticipants were instructed to practice in a setting and at a 
time that they perceived as convenient. Variation in settings 
are therefore inevitable and could not be controlled by the 
researchers. However, this also poses one of the main advan-
tages of at-home training: it may be done at any place and 
time that is convenient.

Unsupervised training may tempt participants in deviat-
ing from protocol, however, all sessions were logged with 
SurgTrac and all test sessions were recorded and no devia-
tions from protocol were encountered.

Conclusion

Unsupervised at-home training of MIS skills is feasible and 
leads to an evident increase in MIS skills. Self-assessment 
may be beneficial for guidance and evaluation during unsu-
pervised at-home training. This is especially important in 
times of less exposure in the clinical setting and limited 
opportunities for education on location or expert guidance.
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