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Abstract

Background and Aim: Laparoscopic box trainers are valuable in the teaching of basic laparoscopic skills. This study

aims to define the impact of formal tuition, supervised practice and feedback on the acquisition of basic laparoscopic

skills on a box trainer by novice. Methods: All medical undergraduate attendees of a conference were invited to

participate. Participants with previous experience on laparoscopic simulators were excluded. Twenty-eight were rando-

mized to the control group (self-directed learning/practice), 23 to the intervention group (formal tuition/supervised

practice/feedback). Baseline and post-intervention performance were assessed using the Global Operative Assessment of

Laparoscopic Skills (GOALS) score by blinded assessors. Results: Both groups showed an overall increase in GOALS

score after exposure to the box trainer: control group, 7.79 (SD, 2.23) pre-intervention versus 8.25 (SD 3.04) post-

intervention; intervention group: 8.43 (SD 2.13) pre-intervention versus 9.35 (SD 2.42) post-intervention (P=0.52). The

intervention group showed a greater overall increase in GOALS score compared with the control group, but this was not

statistically significant (control mean improvement, + 0.46 [SD 4.08] versus intervention mean improvement + 0.91 [SD

3.84]; P=0.66). A lower performance in depth perception was reported for the control group (mean, �0.07).

Conclusions: Box trainers are effective in assisting novices to acquire basic laparoscopic skills. Expert tuition, super-

vised practice and feedback appear to have an additional positive effect.
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Introduction

Today’s surgical trainees face many challenges in acquiring

technical competencies. Contributing factors include an

overall reduction in working hours,1 a shift from a single

mentor to multiple trainers,2 pressure on practicing sur-

geons and health care organizations to deliver services,

and the increasing use of non-operative management for

selected conditions (e.g. appendicitis).3 The recent

COVID-19 pandemic has created even more barriers to

training. These barriers include cancellation of elective sur-

gery, reduction in primary care referrals, staff redeployment

and self-isolation.4,5 Some professional guidelines caution

on the routine use of laparoscopy at the height of the pan-

demic due to the theoretical risk of aerosol transmission,6,7

further reducing exposure to laparoscopic skills.

Simulation-based training has been shown to promote skills

transfer to the real-life operative environment.8 In

laparoscopic surgery, a selection of simulators have been

trialled and received positive feedback.9 One type of simu-

lator is the box trainer.10 Due to its portability and ease of

use, trainees can train on demand in the safety of their

homes. Although numerous studies have assessed the

impact of box trainers in improving performance,10 there

is less evidence evaluating the combined impact of expert

tuition, supervised practice and feedback on simulator per-

formance. One prospective randomized controlled study

demonstrates better simulator performance with supervision

and feedback, although the study population in each arm

was small (n=5).11 As a result, there is a concern that inap-

propriate use of box trainers without formal tuition and

feedback can lead to acquisition of poor techniques by

novices, leading to the need for future remedial correction.

Feedback is most effective when delivered in the right

format and at the right time. Effective feedback can
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reinforce good behaviour and reduce errors. It increases

confidence in the trainee through the establishment of

familiarity and rapport between the trainee, environment

and trainer. Skills are more likely to be retained in the

long term. In the pandemic era, effective feedback in simu-

lated settings helps teams cope with the stress and uncer-

tainty of working with new protocols.12 Feedback can vary

by source (oral/written), type (formative/summative),

approach (active/passive), facilitator (expert/non-expert),

and timing (concurrent/frequency/duration).13

We hypothesize that formal tuition and feedback has no

impact on the acquisition of basic laparoscopic skills by

novices using the box trainer. A single-blind randomized

controlled trial was designed to establish whether formal

tuition, supervised practice and feedback has any advantage

compared with self-directed practice on improving task per-

formance of basic laparoscopic tasks by novices on box

trainers.

Material and methods

All medical undergraduates who registered and attended a

1-day surgical conference (March 2016, Royal College of

Surgeons of Edinburgh) were invited to participate in the

study. Informed consent was obtained from all participants.

Participant demographics were collected by questionnaire.

Participants with any previous experience of using portable

laparoscopic simulators were excluded.

Following an agreed study protocol, the cohort was rando-

mized to self-directed learning and practice on the simula-

tor (control group) versus structured tuition, supervised

practice and feedback (intervention group) (Fig. 1). Block

randomization was carried out by a dedicated college

administrator. A modified Global Operative Assessment of

Laparoscopic Skills (GOALS) scoring system14 was used to

assess the baseline and post-intervention performance of

two basic tasks on eoSim Laparoscopic Simulators

(eoSurgical, Edinburgh, UK; Fig. 2).15 GOALS was used

because of its ease of use, validity and reliability. The

tissue handling domain of GOALS was excluded because

no soft tissue was used for the exercises. For logistical pur-

poses, participants were divided into four consecutive work-

shops; two workshops were dedicated to the control group

and two to the intervention group.

Assessment of baseline and post-intervention laparoscopic

tasks was conducted by six trained assessors. All assessors

were given verbal and written training before the start of the

trial on objective assessments of the participants. Baseline

assessment assessed the participant’s ability to stack ring-

shaped mints (Polo Mints) on a vertical stick for a 2 min

or until all mints had been stacked. Post-intervention assess-

ment tested the participant’s ability to thread a shoelace

through a series of loops. A plastic board with five loops

on 2-cm high stalks was placed in the field of view of the

camera. Participants were asked to thread a shoelace in an

S-shaped pattern through the loops in a maximum time of 2

min. To minimize disadvantage of handedness, those who

were right hand dominant completed the S pattern from

right to left and those with left hand dominance completed

the task from left to right. Different baseline and post-inter-

vention tasks were selected to mitigate the confounding

effect of repetitive practice on observed performance.

In the control group, participants were given 20 min to read

written instructions and practice stacking the ring-shaped

mints independently on the box trainers. During this

time, the control group worked at their own pace to balance

learning and practice. After 20 min, the control group

underwent the final assessment. In the intervention group,

participants were provided with a 10-min didactic tutorial

by a senior surgical trainee. The tutorial introduced the

functions and correct usage of each laparoscopic instru-

ment, as well as instructions on achieving the best ergo-

nomics for stacking the ring-shaped mints. Participants

then spent 10 min practicing stacking the ring-shaped

mints on box trainers, with direct supervision from surgical

trainees at a participant/tutor ratio of 2:1. Individual forma-

tive feedback was given to the intervention group through-

out and after practice. The intervention group then

underwent the final assessment. Final assessment for both

groups was carried out by assessors blinded to the type of

intervention. Statistical analysis of baseline and post-inter-

vention GOALS scores was carried out using MatLab

(MathWorks, Natick, MA, USA) and SPSS (IBM Corp.,

Armonk, NY, USA). Shapiro-Wilk tests were used to con-

firm normality. Independent sample t tests and one-way

ANOVA were used to determine statistical differences at

the 5% significance level.

Results

Fifty-five medical undergraduates registered and attended

the 1-day surgical conference. All consented to participate

in this study. Twenty-seven were assigned to the interven-

tion group and 28 were assigned to the control group

(Fig. 1). Four participants in the intervention group failed

to attend the scheduled lecture and supervised practice,

leaving 23 participants for the final analysis. Participant

demographics are shown in Table 1. There were no statis-

tical differences with regard to sex, level of seniority, and

handedness. All participants were aged between 18 and 27

years.
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Assessed for eligibility 
(n=55) 

Excluded (n=0) 

Analysed (n=28)

Control (n=28) 

Baseline GOALS Assessment 

20 mins Self-Directed Learning & Practice 

Final GOALS Assessment 

Intervention (n=27) 

Baseline GOALS Assessment 

10 mins Tuition 
10 mins Supervised Practice & Feedback 

Final GOALS Assessment 

Did not complete/excluded (n=4) 

Analysed (n=23)

Allocation 

Analysis 

Randomized (n=55) 

Enrolment 

Figure 1. CONSORT diagram of the study.

Figure 2. eoSim laparoscopic box trainer with final assessment (threading a shoelace) shown on the computer screen.
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Overall GOALS scores recorded by individual tutors in the

baseline and post-intervention assessments were similar

(P=0.92 and P=0.43, respectively; Fig. 3), suggesting good

reliability of GOALS as an assessment tool. Overall baseline

GOALS scores were similar between the control and inter-

vention groups (7.79 � 2.23 vs 8.43 � 2.13; P=0.30; Fig. 4

and Table 2). There was no statistical difference in the

individual GOALS domains between the control and inter-

vention groups (2.86 � 0.93 vs 3.0 �1, P=0.60 for depth

perception, 2.21 � 0.96 vs 2.43 � 0.90, P=0.40 for biman-

ual dexterity; 2.71 � 0.9 vs 3.0 �0.8, P=0.24 for efficiency;

Table 2).

Post-intervention overall GOALS scores were also similar

between the control and intervention groups, indicating

no advantage for either group (8.25 � 3.04 vs 9.35 �

2.42, P=0.17; Fig. 4 and Table 2). This observation is con-

sistent between the GOALS sub-domains (2.79 � 1.13 vs

3.04 � 0.88, P=0.37 for depth perception; 2.71 � 1.08 vs

3.17 � 0.98, P=0.12 for bimanual dexterity; 2.75 � 1 vs

3.13 � 0.87, P=0.16 for efficiency; Table 2).

Overall GOALS score increased from baseline in both

groups (control group: + 0.46 � 4.08 intervention group,

+ 0.91 � 3.84, P=0.17; Table 3). Although a greater increase

was observed across all GOALS domains in the intervention

group, there was no statistical difference when compared

with the control group. In the intervention group, the

lowest improvement was reported for depth perception

(mean, + 0.044 � 1.61). Paradoxically, depth perception

was poorer after self-directed learning and practice in the

control group (mean, �0.7 � 1.63).

Discussion

Laparoscopic box trainers have previously been shown to

reduce the time to task completion, reduce errors, and

improve overall performance.16 The impact of tuition,

supervised practice and feedback on box trainer users is

less formally quantified. One observational study showed

an improvement in GOALS scores for surgical trainees

who used a box trainer in conjunction with a structured

Table 1. Participant demographics

Control group
(n=28)

Intervention
group (n=23)

P

Male:female ratio 13:15 15:8 0.23

Seniority of participant

Year 1 4 2

Year 2 8 6

Year 3 2 2

Year 4 10 7

Year 5 3 3

Year 6 1 3 NS

Right hand dominant 27/28 23/23

Figure 3. Comparison of baseline and post-intervention GOALS scores between assessors.
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curriculum versus those who used a box trainer without a

structured curriculum.17 In the context of other (non-box

trainer) laparoscopic simulators, there is evidence that feed-

back given at the end of a task can improve task perfor-

mance.18,19 There does not appear to be any significant

difference between feedback given by peers versus experts

on a newly taught basic technical task.20 Expert tuition on

these simulators appears to have limited effect.21,22

This study attempts to examine the impact of short inten-

sive tuition, supervised practice and feedback on the acqui-

sition of basic laparoscopic skills in the early phase of

learning. The authors hypothesized that learning is too

robust at this early formative phase for the novice for tui-

tion to exert maximum benefit. However, on the contrary,

our study has demonstrated that formal tuition, feedback

and practice may deliver improvement over self-directed

learning and practice alone across all GOALS domains,

although this is not statistically significant. The lack of sig-

nificant performance gains is invariably due to the short

time lapse between the intervention and final assessment.

It is postulated that a longer time lapse ranging from several

hours to days would allow for adequate rest, reflection and

consolidation.

A different and more complex task was deliberately chosen

as the post-intervention assessment. The rational for this

was to mitigate repetitive practice as a confounding factor

in affecting the observed performance. Given that it takes a

minimum of 45 min to acquire a new basic technical skill,

we do not think the practice component had a significant

influence on the observations.23–25

Both groups improved after short exposure to the portable

simulator, further supporting its use in simulation. The only

sub-domain showing very minimal improvement or appar-

ent regression was depth perception. In laparoscopic sur-

gery, binocular disparity is not freely available. Operators

are required to mentally rebuild a three-dimensional picture

of the task. An extended period of training and compensa-

tion is needed for competency in this domain to be

achieved. Therefore our findings are expected and in keep-

ing with current knowledge.26

This study has several limitations. It was not realistic to

perform a power calculation, because the final number of

trial participants was dictated by the availability of confer-

ence attendees on the day. Tuition and supervised feedback

were given in a short period of time and on one occasion,

meaning the learning curve was not fully realized. Only

positive performance was recorded. The observation and

recording of errors were felt to be too resource consuming

in this study. Errors also need to pre-defined for each exer-

cise to avoid observer bias. Baseline and final assessment

exercises were limited to 2 min each due to the confines

of a tight working timetable. A longer period of observation

may produce more reliable assessments.

At the time of writing, COVID-19 continues to have a

detrimental impact on surgical training, resulting in a sig-

nificant decline in all operations and contact with trainers.

With COVID-19 and its variants likely to remain prevalent

indefinitely, attention should now focus on how surgical

education and training should be adapted and delivered in

a controlled COVID-19 environment. To make up the

shortfall in live operating and supervised simulated training,

many surgical trainees are resorting to unsupervised train-

ing on box trainers. Lack of feedback could mean the emer-

gence of non-validated or non-ergonomic techniques,

Table 3. Overall mean improvement

Measure Control group
mean
improvement (SD)

Intervention
group mean
improvement (SD)

P

GOALS + 0.46 (4.08) + 0.91 (3.84) 0.66

Depth perception �0.07 (1.63) + 0.044 (1.61) 0.77

Bimanual dexterity + 0.5 (1.43) + 0.74 (1.39) 0.54

Efficiency + 0.036 (1.45) + 0.13 (1.39) 0.8

Table 2. Comparison of GOALS scores before and after the intervention

Measure Pre-intervention assessment Post-intervention assessment

Self-directed mean score (SD) Tutorial mean score (SD) P Self-directed mean score (SD) Tutorial mean score (SD) P

GOALS 7.79 (2.23) 8.43 (2.13) 0.30 8.25 (3.04) 9.35 (2.42) 0.17

Depth perception 2.86 (0.93) 3.0 (1) 0.60 2.79 (1.13) 3.04 (0.88) 0.37

Bimanual dexterity 2.21 (0.96) 2.43 (0.9) 0.40 2.71 (1.08) 3.17 (0.98) 0.12

Efficiency 2.71 (0.9) 3.0 (0.8) 0.24 2.75 (1.00) 3.13 (0.87) 0.16
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requiring time-consuming remedial correction at a later

stage. Trainees who have fewer distractions at home and

those who have higher motivation and self-awareness in

isolation will be more likely to succeed. In the United

States, the Fundamentals of Laparoscopic Surgery

Programme provides a structured learning approach using

selected clinical scenarios.27 Artificial intelligence, through

its analysis of structured and unstructured data (e.g. reflec-

tion diaries, video), may provide even more detailed feed-

back.28 Standardization and technology will come at huge

financial cost, which is unlikely to be met by a cash-

strapped health service during a pandemic. In the United

Kingdom, a more realistic solution utilizing existing

resources would entail the wide distribution of box trainers

to trainees, with progress rigorously charted by teleconfer-

ence with trainers and peers. This approach has been used

effectively in medical education in the past.29

In conclusion, this study shows that the use of laparoscopic

box trainers translates to enhanced performance of basic

skills by novices. Formal tuition, supervised practice and

feedback may confer additional benefits compared with

self-directed learning and practice, although the current

study did not demonstrate a statistically significant effect.

Further studies are needed to explore whether significant

benefits can be achieved if tuition, supervised practice and

feedback are introduced over a longer period of time.
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