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Abstract

Background—The study aim was to evaluate validity evidence using idle time as a performance 

measure in open surgical skills assessment.

Methods—This pilot study tested psychomotor planning skills of surgical attendings (N=6), 

residents (N=4) and medical students (N=5) during suturing tasks of varying difficulty. 

Performance data were collected with a motion tracking system. Participants’ hand movements 

were analyzed for idle time, total operative time and path length. We hypothesized that there will 

be shorter idle times for more experienced individuals and on the easier tasks.

Results—A total of 365 idle periods were identified across all participants. Attendings had fewer 

idle periods during three specific procedure steps (p < .001). All participants had longer idle time 

on friable tissue (p < .005).

Conclusion—Using an experimental model, idle time was found to correlate with experience 

and motor planning when operating on increasingly difficult tissue types. Further work exploring 

idle time as a valid psychomotor measure is warranted.
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Introduction

Objective measures of technical surgical skills are needed for accurate feedback and 

competency evaluations.1 Current assessments of technical skills include observer generated 

task specific checklists and global rating scales2–5; and technology-based performance 

measures.6–9 Observer-based scoring metrics are readily accessible and inexpensive. While 

commonly used to assess trainees, observer-based scoring metrics remain subject to bias10 

and can be time consuming. In contrast, while technology-based performance measures are 

more expensive, they provide a unique and unparalleled opportunity for automated and 

objective assessment methods. Further integration of technology into surgical skills 

assessment is critical for developing objective performance measures and providing an 

explicit path to surgical mastery.

The movement of motor skills acquisition outside of the operating room and into the 

simulation environment permits the incorporation of technology-based metrics. Specifically, 

motion tracking technology allows for the objective measurement of motor behavior. Prior 

work in psychomotor skills assessment in open surgery has been conducted using 

electromagnetic motion tracking of participants hands with the Imperial College Surgical 

Assessment Device (ICSAD).11–15 This work demonstrated evidence of construct validity 

with relationships between number of hand movements and experience level13, final product 

scores14 and observer-based global rating scores.12–13

The majority of studies evaluating motor behavior in surgical skills focus on metrics 

regarding hand movements including path length and the amount of time to complete the 

procedure.11–15 These metrics represent a subset of surgical skill performance and technical 

skill metrics available with motion tracking technology. While the prior work on motor 

movement provides a strong foundation for understanding surgical performance, there is a 

paucity of research on those instances where there is no movement - idle time. Idle time is 

characterized by a lack of movement of both hands and may represent periods of motor 

planning or decision making that can be used to differentiate performance.16 Additionally, 

as individuals progress through stages of motor learning, there is a rapid reduction in the 

cognitive processes associated with difficult motor planning and a convergence on more 

rapid automaticity.17 This is expected to translate into less idle time during a task performed 

by more experienced individuals who have had more practice.

Our work involves development and implementation of decision based simulators with a 

variety of anatomical presentations that provide a range of task complexity.18–21 The 

variable tissue simulator was developed to present suturing tasks of varying levels of 

difficulty based on the materials presented. The first aim of this pilot study was to evaluate 

idle time as a potential surgical performance metric. We hypothesize that there will be 

shorter idle times for more experienced individuals and on the easier tasks. The second aim 

of this pilot study was to assess the ability of the variable tissue simulator to differentiate 

psychomotor performance based on experience and task difficulty. We hypothesize that the 

time and path length to complete the suturing task will be shorter for more experienced 

individuals and on less difficult tasks.
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Methods

Setting and participants

The study participants (n=15) were medical students (n=5), surgery residents (n=4) and 

attending surgeons (n=6) at a Midwestern academic hospital. Participants were recruited 

through departmental list serves and participation was voluntary and based on availability. 

Participants performed a simulated suturing task on the variable tissue simulator in a single 

setting. Performance data were collected with video recordings and an optical motion 

tracking system. There were no time restrictions on the suturing task and feedback was not 

provided.

Study approval was granted by the Institutional Review Board and written informed consent 

was obtained from all participants.

Surveys

Prior to performing the suturing task, participants completed a survey that collected 

demographic information including level of training, surgical specialty and handedness. 

Following the suturing task, participants responded to a question asking if the motion 

tracking system interfered with their ability to perform the task (5-poin Likert scale: 

1=strong disagree, 5=strongly agree).

Variable tissue simulator

The variable tissue simulator was designed to present a simulated suturing task that induced 

decision making by varying the materials and difficulty of the suturing task. The simulator 

was composed of a board with simulated materials held in place by clips. In this study, three 

different simulated tissue types were presented: foam (dense connective tissue), rubber 

balloons (artery) and tissue paper (friable tissue) (Figure 1). The suturing task was to place 

three interrupted instrument-tied sutures on two opposing pieces of material. 3-0 Prolene 

suture was provided along with a needle driver and surgical forceps. The development of the 

variable tissue simulator was guided by prior cognitive task analysis with two expert 

surgeons.22

Motion tracking system

Hand movements were measured with an optical motion tracking system (Visualeyez 3000, 

Phoenix Technologies, Inc.). Four infrared light emitting diode (IRED’s) markers were 

affixed by medical tape (Transpore, 3M Company) to the participant’s gloved hands. 

Locations on both hands were: 1) distal dorsal surface of the second digit phalanx; 2) distal 

dorsal surface of the first digit metacarpal; 3) mid-dorsal surface of the hand; and 4) dorsal 

surface of the forearm just proximal to the wrist joint. Data were collected from both of the 

participant’s hand movements. Traces of marker positions in millimeters were sampled at 

180 Hz. To remove any high frequency noise artifacts, data were filtered with a dual-pass 

second-order Butterworth filter with a low-pass cutoff frequency of 7 Hz.
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Motion tracking measures

Motion tracking data of both hands were analyzed for differences in idle time, total 

operative time, and path length. An idle threshold analysis was performed by calculating the 

proportions of time the hands spent below velocity values ranging from 1 to 50 mm/sec. The 

threshold yielding the greatest differences in proportion among participants, 20mm/sec, was 

the velocity selected to define idle periods. Also a minimum duration of 0.5 seconds was 

chosen to define a deliberate idle period to avoid capturing very brief pauses. Total operative 

time was calculated from the time participants’ hands left the starting position until 

participants cut the tail of the third suture. Path length is the three-dimensional distance the 

hands traveled from the starting position.

Video analysis

Idle periods were identified from the motion tracking data and correlated to specific time 

points in the video-recordings of the participants. The video recordings were then used to 

code when in the procedure the idle periods were occurring. The procedure steps were 

broken down into seven main categories: 1) Entering tissue with the needle; 2) Driving the 

needle through tissue; 3) Pulling the needle out of tissue; 4) Tightening a knot; 5) Cutting a 

suture tail; 6) Grasping suture with an instrument and 7) Managing the suture. Idle periods 

occurring when the participant was interacting with the experimenter were also noted. For 

analysis, videos were reviewed by a single blinded rater. To assess inter-rater agreement, a 

20% random sample was reviewed and classified by a second blinded rater.

Data Analysis

Our hypothesis is that validity evidence exists for the use of three different psychomotor 

measures (idle time, total operative time and path length) to differentiate performance by 

experience level and task difficulty. To test this hypothesis, repeated measures ANOVA 

with experience level (medical students, surgery residents and attending surgeons) as a 

between-subjects variable and tissue type (foam, rubber and tissue paper) as repeated within-

subjects variables was used to evaluate main effects of experience and tissue. Chi-squared 

analysis was performed to assess for an association between procedure steps when idle 

periods were occurring and participant experience level. Inter-rater reliability for video 

analysis of idle periods was assessed using a Cohen’s Kappa (κ). Pearson’s correlation 

coefficients were calculated to evaluate correlations between idle time, total operative and 

path length. All analyses were performed using IBM SPSS Statistics Version 22.

Results

Surveys

The study participants (n=15) were medical students (n=5), surgery residents (n=4) and 

attending surgeons (n=6). The medical students were either third or fourth year students that 

had completed at least one surgical rotation. Surgical residents ranged from post graduate 

year (PGY) one to three. Attending surgeons had an average length of time in practice of 

14.2 years (SD=12.0). All participants completed all three of the suturing tasks. Overall 
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participants felt that the motion tracking system did not interfere with their ability to 

perform the task (M=1.9/5.0, SD=1.1).

Idle Time

i. Motion tracking measures—The repeated measures ANOVA of idle time revealed a 

main effect for tissue type (Figure 2). All groups paused longer when working on the tissue 

paper (M=17.22 seconds, SD=15.08) compared to the balloon (M=4.76 seconds, SD=3.66, 

t(9)=3.72, p=0.003) or foam (M=4.47 seconds, SD=3.85, t(7)=3.45, p=0.005). Cohen’s 

effect size value (tissue vs. balloon d = 1.1; tissue vs. foam d = 1.2) suggests a high practical 

significance.

Repeated measures ANOVA of idle time was not significant for experience level (F(2.00, 

12.00)=27.13, p=0.742).

ii. Video analysis—A total of 365 idle periods were identified by the motion tracking 

system across all participants and was further evaluated with video analysis. Video analysis 

of procedure steps when idle periods occurred revealed high inter-rater reliability (k = .887). 

Most of the idle periods (99.2%) occurred while participants were performing the task. 

There was a significant difference in the number of idle periods during specific procedure 

steps (χ2(6) = 238.65, p < 0.001). Idle periods by procedure step and experience level are 

shown in Figure 3. Results show attending surgeons had fewer idle periods while entering 

tissue with the needle (p = .001); driving the needle through tissue (p < .001); and pulling 

the needle out of tissue (p = .007). Attending surgeons had more idle periods when 

tightening a knot (p < .001).

Total Operative Time

The repeated measures ANOVA of total operative time also revealed a main effect for tissue 

type (Figure 4A). It took significantly longer for all groups to complete the suturing task on 

tissue paper (M=97.43 seconds, SD=21.77) compared to balloon (M=55.69 seconds, 

SD=6.50, t(9)=8.65, p<0.001) or foam (M=56.38 seconds, SD=7.06, t(7)=7.85, p<0.001). 

Cohen’s effect size value (tissue vs. balloon d = 2.6; tissue vs. foam d = 2.6) suggests a high 

practical significance.

A repeated measures ANOVA of total operative time showed a main effect of experience 

level (Figure 4B). Attending surgeons (M=52.4 seconds, SD=23.0) performed the procedure 

in less time than surgical residents (M=78.5 seconds, SD=43.0, t(11)=2.51, p<0.029) and 

medical students (M=88.7 seconds, SD=58.0, t(7)=2.51, p<.029). Cohen’s effect size value 

(attending vs. resident d = 0.76; attending vs. medical student d = 0.82) suggests a moderate 

to high practical significance.

Path Length

The repeated measures ANOVA of path length also revealed a main effect of tissue type 

(F(2, 26)=19.57, p<0.0001) (Figure 5A). Participant’s hands moved farther when suturing 

tissue paper (M=6.47 meters, SD=2.06) compared to balloon (M=4.61 meters, SD=1.02, 

t(14)=5.42, p<0.001) or foam (M=4.90 meters, SD=1.10, t(14)=4.27, p=0.001). Cohen’s 
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effect size value (tissue vs. balloon d = 1.1; tissue vs. foam d = 0.95) suggests a high 

practical significance.

There was a significant main effect of experience level on path length (Figure 5B). 

Attending surgeons (M=4.03 meters, SD=1.03) had shorter path lengths than surgical 

residents (M=5.8 meters, SD=1.24, t(9)=2.27, p=0.045) and medical students (M=6.10 

meters, SD=1.24, t(7)=2.58, p=0.025). Cohen’s effect size value (attending vs. resident d = 

1.6; attending vs. medical student d = 1.8) suggests a high practical significance.

Correlation of motion tracking measures

Idle time was significantly correlated with total operative time for the tissue paper task (r = .

56, p = .03). Idle time was not significantly correlated with total operative time for the foam 

(r = .44, p = .097) and balloon (r = .48, p =.07) tasks. In additiona, idle time did not correlate 

with path length (p > .05). Lastly, there was a significant correlation between total operative 

time and path length for all three tasks (Foam r = .84, Balloon r = .80, Tissue r = .760; p < .

001 for all correlations).

Discussion

This pilot study sought validity evidence for the use of idle time as a performance metric in 

an open surgical skills task. Validity evidence was evaluated using known groups and 

response process with video analysis.25, 26 Additionally, we sought validity evidence for the 

psychomotor metrics generated when using motion tracking technology with the newly 

developed variable tissue simulator. Fifteen participants with different levels of experience 

(medical students, surgical residents and attending surgeons), completed three suturing tasks 

on different materials (foam, balloon, and tissue paper) that were purposefully selected to 

provide varying degrees of complexity.

This study is the first time that idle time was experimentally investigated as a performance 

metric in open surgical skills assessment. All participants had greater amounts of idle time 

while performing the more difficult suturing task. This is consistent with our hypothesis that 

idle times will be shorter for easier tasks. These findings provide validity evidence for the 

use of idle time as a psychomotor performance metric. Idle time may represent periods of 

motor planning or decision making that can be used to differentiate performance16. This 

suggests that evaluating what participants are doing or thinking while not moving their 

hands may be just as important as while they are moving their hands.

Prior studies assessing laparoscopic skills noted that novices spend a greater amount of time 

in the idle state compared to experts.16, 23–24 Our study did not find a significant relationship 

between overall idle time and experience level. However, differences in idle time were noted 

when evaluating specific procedure steps by experience. Entering tissue with the needle, 

driving the needle through tissue and tightening a knot had the greatest number of idle 

periods. Additionally, the idle periods during these steps were not evenly distributed 

amongst participants by experience level. Medical students and resident had a greater 

number of idle periods during entering tissue with the needle, driving the needle through 

tissue, while attending surgeons had a greater number of idle periods during tightening a 
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knot. Medical students and residents may exhibit more idle periods when performing motor 

planning for contacting the needle with the tissue and moving it through the tissue. In 

contrast attendings exhibit idle periods while placing and evaluating tension on the knot. 

Our findings warrant additional research evaluating the relationship between idle time, 

experience level and procedure steps.

Study results also demonstrate that more experienced practitioners took less time and moved 

their hands a shorter distance to complete the suturing tasks compared to less experienced 

trainees. This finding is consistent with motor behavior research demonstrating 

improvements in movement components of motor skills with increased practice.27 

Additionally, participants took more time and moved their hands a longer distance to 

complete the suturing task on the material (tissue paper) that was designed to be the most 

friable and complex. Both of these findings are consistent with prior work evaluating 

surgical performance with motion tracking technology11–15 thus providing construct validity 

evidence for the use of psychomotor metrics to differentiate performance on the newly 

developed variable tissue simulator.

There were significant positive correlations between idle time and total operative time on the 

more difficult suturing task (tissue paper). Participants that take longer to complete the task 

have greater idle periods. This may result from those participants requiring larger amounts 

of psychomotor and procedural planning. The lack of correlation between idle time and path 

length may result from other factors confounding the relationship or our small sample size 

and limited power.

Limitations of this study include the small sample size, which decreases statistical power 

and generalizability of the results. This pilot study was undertaken to evaluate validity 

evidence of this newly developed performance metric. The preliminary results show great 

promise with large effect sizes despite low power. Thus we plan to collect data from a larger 

sample size to address the limitations of statistical power and allow for broader inferences 

regarding our results. Generalizability is also limited by the sample size and lack of 

randomization. Participants were included in the study based on availability and willingness 

to participate, and therefore, may be inherently different than those that did not choose to 

participate. Lastly, another limitation may be the relative simplicity of using a suturing task 

rather than a full procedure. The study was specifically designed with a simple task and 

complexity was added through the use of different materials. This allowed for more detailed 

understanding of the motor behavior components that may have not been possible with a 

longer task involving multiple motor components. We are interested in quantifying periods 

of motor planning or decision making and our future work is aimed at evaluating these same 

psychomotor metrics of idle time, total operating time, and path length in more complex 

tasks and full procedures.

The implications of this work relate to ongoing development and evaluation of performance 

metrics in the research setting, as well as, the need for a paradigm shift in how motion 

tracking technology is used for surgical skills assessment. The surgical profession is still in 

its infancy regarding best practice for technology base performance assessments. Several 

research groups are using commercial technologies and discovering new metrics. As 
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additional metrics continue to be developed, future directions may call for a meta-analysis to 

better understand the gaps, strengths and weaknesses of these new approaches. Idle time 

represents an evolution in traditional motion analysis research. Our findings imply that this 

performance metric is meaningful and may add to our current understanding of technical 

skills research.
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Summary

Idle time is an underdeveloped psychomotor performance measure. Using an 

experimental model, idle time was found to correlate with motor planning when 

operating on increasingly difficult tissue types. Further work exploring this performance 

metric is warranted.
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Figure 1. 
Variable tissue simulator with simulated tissue types (A) on which participants performed 

the suturing task (B&C) with data capture from optical motion tracking system.
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Figure 2. 
Mean idle per task by tissue type during the suturing task.

Participants had longer idle time while suturing the tissue paper than either the foam or 

balloon (F(1.04, 12.50)=12.56, p=.004).Participants hand longer idle time while suturing the 

tissue paper than either the foam or the balloon (F(1.04, 28) = 12.16, P = .003)
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Figure 3. 
Number of idle periods by experience level during specific procedure steps of the suturing 

task.

* p < .05

* p < .01
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Figure 4. 
Mean total operative time per stitch by tissue type and experience level during the suturing 

task.

A. Participants spent more time suturing the tissue paper than either the foam or the balloon 

(F(2,24) = 60.02, P < .001).

B. Attending surgeons completed the suture tasks faster than both medical students and 

residents (F(2,12) = 5.25, P = .02).
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Figure 5. 
Path length per stitch by tissue type and experience level during the suturing task.

A. Participants moved their hands a longer distance when suturing on the tissue paper than 

the foam or balloon (F(2,24) = 21.84, P < .001).

B. Attending surgeons moved their hands a shorter distance than either medical students and 

residents (F(2,12) = 5.38, P = .02).

D’Angelo et al. Page 15

Am J Surg. Author manuscript; available in PMC 2016 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


