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Abstract
BACKGROUND: The study investigates the relationship between motor coordination errors and total

errors using a human factors framework. We hypothesize motor coordination errors will correlate with
total errors and provide validity evidence for error tolerance as a performance metric.

METHODS: Residents’ laparoscopic skills were evaluated during a simulated laparoscopic ventral
hernia repair for motor coordination errors when grasping for intra–abdominal mesh or suture. Toler-
ance was defined as repeated, failed attempts to correct an error and the time required to recover.

RESULTS: Residents (N5 20) committed an average of 15.45 (standard deviation [SD]5 4.61) errors
and 1.70 (SD5 2.25) motor coordination errors during mesh placement. Total errors correlated with motor
coordination errors (r[18]5 .572,P5 .008). On average, residents required 5.09 recovery attempts for 1mo-
tor coordination error (SD5 3.15).Recovery approaches correlated to total error load (r[13]5 .592,P5.02).

CONCLUSIONS: Residents’ motor coordination errors and recovery approaches predict total error
load. Error tolerance proved to be a valid assessment metric relating to overall performance.
� 2016 Elsevier Inc. All rights reserved.

Understanding and defining medical competency has
become a subject of great interest since the Accreditation
Council for Graduate Medical Education developed the 6
core competencies.1,2 Professional competency is consid-
ered ‘‘the habitual and judicious use of communication,
knowledge, technical skills, clinical reasoning, emotions,
values, and reflection in daily practice for the benefit of
the individual and community being served’’.2 To deter-
mine competency in surgical residents, validated and reli-
able objective action-based assessments such as task
specific and global assessment scales are frequently used.1
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Operative performance is typically judged through
technical skill and intraoperative decision-making.3–6

However, studies that assessed these skills advocate for
more detailed investigations and suggest using a multidis-
ciplinary approach for designing and implementing
training and assessment technologies.7 Error-enabled surgi-
cal simulation trainers were designed for surgical residents
to operate independently and practice the error manage-
ment process.3 This process includes making, detecting,
and recovering from errors.8 The simulations were de-
signed using a cognitive task analysis approach, which in-
volves the use of interviews to explore how experts
approach error management and intraoperative decision-
making.9,10

The overarching goal of our work has been to incorpo-
rate human factors theory and error-based assessment11,12

into an analysis framework that may prove useful in evalu-
ating intraoperative errors.6 Human factors theory seeks to
identify and ‘‘understand interactions among humans and
other elements of a system.in order to optimize human
well-being and overall system performance’’.13 For
example, we previously analyzed general surgery residents’
ability to detect and recover from errors across 2 laparo-
scopic ventral hernia (LVH) repair procedures and deter-
mined strategies for error detection and recovery changed
during the second procedure.14 Utilizing a framework
grounded in this perspective, we have been able to parse
out errors and connect them to cognitive processes.3,6,14

Furthermore, incorporating error analysis of technical skills
into resident performance assessments may highlight resi-
dent training needs and allow for explicit evaluation of
the error management process.

The aim of this study was to implement a human factors
error framework to further investigate residents’ intra-
operative skills. Action errors, a type of technical error,
were identified in an earlier study.6 Common types of
action errors observed included manual coordination fail-
ures, dropping instruments, or leaving instruments unat-
tended. Failures in manual coordination and were
observed repeatedly and warranted further investigation to
understand their prevalence. We hypothesize that coordina-
tion errors will correlate with overall cognitive and tech-
nical error load, or the total number of errors committed,
and provide validity evidence for this variable as a perfor-
mance metric. Error tolerance was defined and measured by
the number of failed attempts and the time required to cor-
rect an error.

Methods

Setting and participants

A secondary analysis was performed using audio- and
video-recorded simulations of a LVH repair procedure.
Participants included 20 senior surgery residents (PGY 4 to
5) from various general surgery residency programs in the

United States. Convenience sampling methods were used to
recruit participants during a course on advanced laparo-
scopic hernia surgery. All residents at the course partici-
pated in the study and provided written consent. This study
was granted exempt status by the University of Wisconsin
Institutional Review Board.

Laparoscopic ventral hernia simulation

Residents were given 30 minutes to complete a simulated
LVH repair procedure3 with surgical faculty acting as surgi-
cal assistants. The simulator contained a midline, 10 !
10 cm ventral hernia located 5 cm above the umbilicus. Res-
idents were aware that the procedures were audio and video
recorded for later analysis. However, residents did not know
the specifics of how their performance would be evaluated.

The LVH simulation model is a box-style trainer, as
shown in Fig. 1, designed to emphasize anatomical rele-
vance and intraoperative decision-making. The simulator
skin included layers representative of the abdominal wall,
skin, subcuticular tissue, and peritoneum. Simulated
organs, including bowel and omentum, were layered within
the abdominal cavity to provide additional realism.7

Research protocol

A multidisciplinary team (human factors engineering,
surgery, education) of 3 researchers (K.L., A.D., and E.C.,)
reviewed the audio- and video-recordings using Multimedia
Video Task Analysis (University of Wisconsin-Madison) to
code and quantify errors committed during the repair.6 Error
occurrence and duration, procedure step, and the error man-
agement process for each error were also identified during
this process. Consensus agreement was used by the 3 re-
searchers to code each event. This methodology involved
unanimous agreement of the researchers.15,16 Any event
that did not initially reach consensus was discussed further.
Following a discussion, if any event could still not achieve

Figure 1 Setup of the laparoscopic ventral hernia repair simu-
lator and equipment presented to participants.
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