
Laparoscopic simulation training: does timing impact the quality
of skills acquisition?

Esther M. Bonrath • Mathias Fritz • Soeren T. Mees •

Barbara K. Weber • Teodor P. Grantcharov •

Norbert Senninger • Emile Rijcken

Received: 11 April 2012 / Accepted: 31 July 2012 / Published online: 6 October 2012

� Springer Science+Business Media, LLC 2012

Abstract

Background Current surgical training involves integra-

tion of educational interventions together with service

requirements during regular working hours. Studies have

shown that voluntary training has a low acceptance among

surgical trainees and obligatory simulation training during

the regular working week leads to better skill acquisition

and retention. We examined the difference in training

effectiveness depending on the time of day.

Methods Surgical novices underwent a curriculum con-

sisting of nine basic laparoscopic tasks. The subjects were

permitted to choose a training session between during regular

working hours (8:00–16:00) or after hours (16:00–20:00).

Each subjectunderwent baseline andpost-trainingevaluation

after completion of two 4-h sessions. Task completion was

measured in time (s), with penalties for inaccurate perfor-

mance. Statistical analysis included matched-pairs analysis

(sex, age, and previous operative experience) with v2 und

Mann–Whitney U test for between groups and Wilcoxon

signed-rank test for testing within one group.

Results There were no differences in demographic char-

acteristics between the groups. Comparison of the individual

baseline and post-training performance scores showed a

significant (P \ 0.05) improvement for all subjects in all

exercises. No significant differences between groups were

observed.

Conclusion All subjects improved in skill significantly

throughout the week regardless of the timing of the training

intervention. Simulation training can be offered outside of

regular working hours with acceptable effectiveness.
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Factors associated with a higher risk of surgical adverse

outcome and complications have been extensively exam-

ined but still remain controversial. Studies have implied

that insufficient experience is associated with an increased

number of technical errors and potentially poorer clinical

outcomes [1] and have tried to examine the learning curves

for various laparoscopic procedures [2–4]. In the education

of surgical novices, multiple training concepts have been

validated and can be used for training and proficiency

testing [5–9]. Simulation training of junior surgeons has

been implemented by numerous surgical residency pro-

grams in North America and Europe [10, 11]. Nevertheless,

the growing service requirements and the need to adhere to

work-hour regulations make integration of additional sim-

ulation training into the work week difficult. Attention and

memory are known to fluctuate throughout the day and

multiple factors influencing performance have been inves-

tigated [12]. Recent research showed that in motor skills

acquisition of a basic task, the component of declarative

learning was influenced by the time of day, with better

results in the morning, whereas the kinematic component

of motor skills acquisition was independent of time of day

[13]. Whether this applies to the learning of a more com-

plex motor skill such as required in laparoscopic surgery

has not yet been investigated. We conducted this study to

evaluate whether ‘‘after hours’’ simulation training is less

effective than training during core working hours.
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Methods

Participants

Of the 36 senior medical students participating in a basic

laparoscopic skills course at a university hospital between

2007 and 2010, 24 were included in this study. Informed

consent was obtained from the participants for the analysis

of the data obtained during the course.

Each course was split into three time periods: 8:00–12:00,

12:00–16:00, and 16:00–20:00. The students were able to

select a time slot for their training, wherein each slot was

open to four students within each course. Once allocated a

session, the students formed pairs and no changes between

groups were allowed. Furthermore, the subjects were not

afforded the opportunity to practice between sessions. A

questionnaire on demographic data and prior surgical

experience was completed by each participant. Previous

experience was rated on a 5-point Likert scale, with 5 being

no experience and 1 being very experienced. For the pur-

pose of this study, regular working hours were defined as

8 am to 4 pm.

Course design and tasks

All participants completed a structured 5-day curriculum

[14]. The course commenced with an introduction theory

tutorial regarding laparoscopic techniques, equipment han-

dling, and an explanation of the course’s tasks. The next day

baseline (BL) evaluation with repetition of each task twice

without further instruction was performed. The two fol-

lowing days were training sessions with a total of four

course cycles performed by each pair. The curriculum

consisted of nine basic laparoscopic tasks performed twice

a day by each participant. Four of these tasks were modi-

fications of established tasks used in validated curricula [5,

15–17]. For evaluation purposes, the tasks were classified

as easy (E), moderate (M), or hard (H) [14]. The tasks were

camera navigation (M), grasping (E), cube positioning (M),

pattern cutting (M), loop tying (M), extra- and intracor-

poreal knot tying (H), and clipping (E). The task repetitions

were combined with intensive individual coaching, feed-

back, and demonstrations by an expert for each student

pair. The same four tutors took part throughout the course,

each rotating through the workstations to ensure equal

coaching of all participants. Post-training (PT) assessment

included performance of each task twice on the last day of

the course (Fig. 1).

Performance measure and scoring

Each trial of the task was assessed quantitatively (time in

seconds), with an additional error score applied for incorrect

or inaccurate execution (error score). Errors were commu-

nicated to the participants during the introduction session.

During scoring each error was registered and later converted

to penalty points. Minor errors such as deviation from

marked targets were penalized with 1 s per millimeter,

whereas more substantial errors such as loose knots, sliding

knots, gap formation between cloth pieces, and leakage from

Fig. 1 Study design. RH
regular hours (8:00–16:00), AH
after hours (16:00–20:00)
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clipped tubing were penalized with 10 s (per leaking side in

the clip task). Each task was limited to 300 s. All unfinished

tasks could be completed by the student during the training

sessions without cutoff scoring; during evaluation testing the

task was aborted and scored with 300 s.

Statistical analysis

Nonparametric testing was used. Demographic data were

evaluated with Fisher’s exact test for categorical data and

Mann–Whitney’s U test for continuous variables. Perfor-

mance scores between groups and within groups were com-

pared using Mann–Whitney’s and Wilcoxon signed-rank tests,

respectively.

The 12 participants of the ‘‘after hours’’ group (AH) were

individually matched with 12 participants of the ‘‘regular

hours’’ group (RH). Matching criteria were demographic

details such as sex, age (±2 years), semester (±1 semes-

ter), operative experience self-rating score (±1 point), and

previous experience with camera navigation self-rating

score (±1 point). Significance was defined as P \ 0.05.

Statistical evaluation was performed with the Statistical

Package for Social Sciences (SPSS)� 17.0 (SPSS Inc.,

Chicago, IL).

Table 1 Demographic details of study population

Group RH (n = 12) (8:00–16:00) Group AH (n = 12) (16:00–20:00) P value

Age (years) (range) 24 (22–37) 24 (23–37) 0.51

Sex (male/female) 10/2 10/2 1.0

Semester (range) 8 (7–10) 8 (7–11) 0.98

Prior surgical experience (self rating 1–5) (range) 3 (2–4) 3 (2–4) 0.98

Prior laparoscopic experience (self rating 1–5) (range) 4 (3–5) 4 (4–5) 0.67

Prior experience with camera navigation (yes/no) 7/5 6/6 1.0

Dexterity (right/left-handed) 12/0 11/1 1.0

Values for age, semester, prior surgical and laparoscopic experience shown as median with range in parentheses. P values: Fisher’s exact test for

categorical data and Mann–Whitney U test for continuous data. Self-rating according to 5-point Likert scale (1 = very experienced and 5 = no

previous experience)

Group RH regular hours, Group AH after hours

Table 2 Comparison of

baseline values of time to

perform a task

Values are median (in seconds)

and interquartile range in

parentheses. P values from

Mann–Whitney U test

RH regular hours (8:00–16:00),

AH after hours (16:00–20:00)

Task Baseline RH (s) (n = 12) Baseline AH (s) (n = 12) P value Task difficulty

Camera navigation 300 (0) 300 (0) 0.48 Moderate

Grasping 103 (57) 117 (64) 0.80 Easy

Transfer (L/R) 300 (3) 300 (0) 0.73 Moderate

Positioning/placement 182 (63) 237 (38) 0.02 Moderate

Pattern cutting 300 (26) 300 (43) 0.73 Moderate

Loop tie 133 (128) 115 (84) 0.39 Moderate

Extracorporeal knot 224 (44) 196 (85) 0.33 Hard

Intracorporeal knot 300 (0) 300 (2) 0.93 Hard

Clipping 65 (11) 59 (21) 0.54 Easy

Fig. 2 Baseline (BL) and post-training (PT) results between study

groups. RH regular hours (8:00–16:00), AH after hours (16:00–20:00).

Easy tasks (grasping and clipping) depicted as box plots, with the
horizontal bar representing median and boxes representing 25th and

75th percentile; whiskers mark 10th and 90th percentile
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Results

Demographics

BL and PT data were available for all 36 course partici-

pants. Twenty-four participants were trained during RH

(8:00–12:00 and 12:00–16:00) and 12 participants were

trained AH (16:00–20:00). Prior to matching, the groups

differed significantly with respect to gender (RH: 11 male

and 13 female; AH: 10 male and 2 female; P = 0.04). No

significant differences were found in the general demo-

graphic characteristics or in previous surgical experience of

the groups after matching (Table 1). All selected students

stated an interest in a future surgical career. None were

currently employed in night-shift work.

Task performance

For all tasks, except for the positioning task, the BL values

between the groups showed no significant differences

(Table 2). Comparison of PT and BL values in both groups

after completing the training course showed that task per-

formance was significantly improved in both groups after

training in all nine tasks (P \ 0.05) (Figs. 2, 3, 4). There

were no significant differences in values between the groups

after training (Table 3).

Discussion

The aim of this study was to evaluate whether the time of

day influences acquisition of basic laparoscopic skills. The

results showed that all participants significantly improved

in skill throughout the training irrespective of what time of day

the training was conducted. No differences were observed

between the groups in regard to post-training skill levels.

Previous research has suggested that learning curves

could be shortened by simulation training, introducing the

concept of the ‘‘pretrained novice’’ [18–20]. Currently,

basic laparoscopic training to benchmarked proficiency is

Fig. 3 Baseline (BL) and post-

training (PT) results between

study groups. RH regular hours

(8:00–16:00), AH after hours

(16:00–20:00). Moderate tasks

(camera navigation, transfer,

cube positioning, pattern

cutting, and loop tying) depicted

as box plots, with horizontal bar
representing median and boxes
representing 25th and 75th

percentile; whiskers mark 10th

and 90th percentile
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integrated into several validated curricula such as the

Fundamentals of Laparoscopic Surgery (FLS) [5]. Main-

tenance of proficiency, however, requires ongoing practice

[21] and additional refresher training is of great importance

in long-term skill retention [22]. Although simulation

training has been shown to enhance surgical skill, it is

necessary to integrate this form of training into formal

curricula since it has been shown that voluntary training

has low acceptance among residents [23, 24]. Chang et al.

[23] showed that after introduction of virtual reality sim-

ulation into resident curriculum only 31 % of eligible

residents used the simulator on a voluntary basis at least

once throughout the following 3 months. One of the main

reasons stated for not using the simulator more frequently

was lack of time. A Dutch study on the same topic showed

similar results. In the first 4 months of the study, only 10 %

of eligible residents trained on the simulator after being

granted unrestricted access [24]. Again, the reason stated

by this group for not conducting voluntary training was

lack of time. In this group, work hours had been limited to

48 h/week to comply with European work-hour legislation.

The majority of time spent on the simulator when residents

did practice was during the night shift. No training was

conducted during personal time. Forty percent of the resi-

dents suggested mandatory integration of the training.

Planning and integrating curricular training poses several

challenges. Most clinical educators agree that training cur-

ricula should be available to all residents in a unit without

causing a disruption of daily resident routines and without

further reducing time for training in the OR while abiding by

work-hour regulations. The findings from this study in regard

to overall skill acquisition showed that there was no negative

effect associated with an ‘‘after hours’’ session. For the pur-

pose of this study, we defined ‘‘regular working hours’’ based

on the hours considered core working hours in our hospital for

medical staff. This definition may naturally vary between

departments. ‘‘After hours’’ was considered to be between

4 pm and 8 pm. Since work-hour regulations and resident

rostering vary greatly between countries and programs, many

units may consider this after-hours time frame to be within

their regular working hours. Declarative learning appears to

be influenced by circadian rhythm, with better results when

learning sessions are conducted in the morning. However,

Kvint et al. [13] showed that kinematic learning as a compo-

nent of motor skill acquisition was independent of time of day.

The results from our study also support these findings since the

level of skill acquisition did not vary throughout the day, and

therefore a training session in the afternoon or evening can be

equally effective as a morning session.

Finally, when evaluating the data it is important to consider

quality-of-life issues and fatigue. There still remains much

debate about the effects of fatigue on motor skill, mental work

load, and error rate. A number of studies focusing on motor skills

Fig. 4 Baseline (BL) and post-training (PT) results between study

groups. RH regular hours (8:00–16:00), AH after hours

(16:00–20:00). Hard tasks (extra- and intracorporeal knot tying)

depicted as box plots, with horizontal bar representing median and

boxes representing 25th and 75th percentile; whiskers mark 10th and

90th percentile

Table 3 Comparison of post-

training values of time to

perform a task

Values are median (in seconds)

and interquartile range in

parentheses. P values from

Mann–Whitney U test

RH regular hours (8:00–16:00),

AH after hours (16:00–20:00)

Task Post-training RH

(s) (n = 12)

Post-training AH

(s) (n = 12)

P value Task difficulty

Camera navigation 209 (52) 184 (78) 0.56 Moderate

Grasping 38 (10) 40 (15) 0.40 Easy

Transfer (L/R) 169 (77) 160 (58) 0.62 Moderate

Positioning/placement 85 (38) 98 (50) 0.09 Moderate

Pattern cutting 181 (83) 158 (50) 0.60 Moderate

Loop tie 47 (32) 34 (16) 0.12 Moderate

Extracorporeal knot 121 (29) 110 (30) 0.16 Hard

Intracorporeal knot 205 (35) 181 (46) 0.10 Hard

Clipping 34 (13) 31 (14) 0.64 Easy
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did not show a significant negative effect of fatigue on task

execution or skill acquisition [25, 26]. On the other hand, nega-

tive effects on dexterity, error rate, mental workload, and cog-

nitive function have also been described [26–28]. In our study,

participants had no regular curricular obligations and went about

normal daily activities, including part-time work. None of the

participants were on night shifts. Nevertheless, we did not

explicitly evaluate individual alertness nor did we question what

the students did the evening before training. Therefore, we can-

not exclude the possibility that participants in either group may

have been more fatigued than others. This represents one limi-

tation of this study and results in a resident group could well be

different. Additionally, this studentgroup potentially differs from

more senior residents, especially in regard to overall motivation

to participate. This course was a voluntary skills training course

and represented the first opportunity for structured exposure to

surgical skills. The students in this group were all highly moti-

vated. This motivating effect may be less strong in a more senior

resident group who have a heavy workload and potentially the

novelty of such a course may have worn off with respect to basic

skills. Therefore, it seems appropriate to offer more senior resi-

dents skill tasks that still challenge them and that may spark

similar enthusiasm.

Furthermore, the students were permitted to choose a

training session and were not randomized to a specific group.

A higher number of male participants registered for the after-

hours session. In order to exclude this potential gender factor,

matched-pairs analysis was performed thus reducing the

number of evaluated subjects. Since the matched group was

demographically homogeneous and factors such as parallel

ongoing training and exposure to surgical procedures could

be excluded, we believe that the groups were comparable and

suited for investigating the influence of the time of training

on the basic skill learning curves.

Lastly, we did not address the issue of independent

practice in this study since we first wished to investigate

whether any negative effects of after-hours training session

could be shown in a controlled experimental design. In

order to limit confounding factors such as variability of

duration, intensity, and timing of independent training

sessions, we chose a standardized curriculum. This study

therefore does not answer the question regarding indepen-

dent skills practice and acquisition during an after-hours

session, which may well show different results. To address

this controversial topic further research is required.

Conclusion

Although the concept of training on ‘‘personal time’’ is a

sensitive topic, we believe that with introduction of the

work-hour directives across Europe, this topic will become

very important. Furthermore, although many questions

remain unanswered, this study addressed a very important

question and was able to demonstrate that there was no

difference in skill acquisition between groups trained in the

morning or early afternoon compared to an evening group.

All trainees acquired the basic laparoscopic skill irrespec-

tive of the time of training. This is important for educators

because it allows for more flexibility in the planning of

training sessions for residents in order to accommodate

very diverse resident schedules. In contrast to declarative

learning, there is no obvious disadvantage to afternoon or

evening sessions in motor skill acquisition.
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