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Abstract

OBJECTIVE—To compare the effect of simulator functional fidelity (manikin vs a Dynamic 

Haptic Robotic Trainer [DHRT]) and personalized feedback on surgical resident self-efficacy and 

self-ratings of performance during ultrasound-guided internal jugular central venous 

catheterization (IJ CVC) training. In addition, we seek to explore how self-ratings of performance 

compare to objective performance scores generated by the DHRT system.

DESIGN—Participants were randomly assigned to either manikin or DHRT IJ CVC training over 

a 6-month period. Self-efficacy surveys were distributed before and following training. Training 

consisted of a pretest, 22 practice IJ CVC needle insertion attempts, 2 full-line practice attempts, 

and a posttest. Participants provided self-ratings of performance for each needle insertion and were 

presented with feedback from either an upper level resident (manikin) or a personalized learning 

system (DHRT).

SETTING—A study was conducted from July 2016 to February 2017 through a surgical skills 

training program at Hershey Medical Center in Hershey, Pennsylvania.

PARTICIPANTS—Twenty-six first-year surgical residents were recruited for the study. 

Individuals were informed that IJ CVC training procedures would be consistent regardless of 

participation in the study and that participation was optional. All recruited residents opted to 

participate in the study.

RESULTS—Residents in both groups significantly improved their self-efficacy scores from 

pretest to posttest (p < 0.01). Residents in the manikin group consistently provided higher self-
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ratings of performance (p < 0.001). Residents in the DHRT group recorded more feedback on 

errors (228 instances) than the manikin group (144 instances). Self-ratings of performance on the 

DHRT system were able to significantly predict the objective score of the DHRT system (R2 = 

0.223, p < 0.001).

CONCLUSION—Simulation training with the DHRT system and the personalized learning 

feedback can improve resident self-efficacy with IJ CVC procedures and provide sufficient 

feedback to allow residents to accurately assess their own performance.
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COMPETENCIES

Practice-Based Learning and Improvement

INTRODUCTION

Central venous catheterization (CVC) is a common procedure used to administer 

medication, nutrition, and obtain measurements to monitor patients.1 Although more than 5 

million central lines are placed annually in the US each year,2 up to 39% of patients incur 

adverse effects3–5 such as hematoma, pneumothorax, or arterial puncture during catheter 

insertion.3 Importantly, surgeons who have inserted CVCs less than 50 times are twice as 

likely to incur mechanical complications.6 Although recent calls in medical research have 

identified a need for improving and standardizing CVC education in order to reduce these 

complication rates,7 advances in medical simulation research have focused primarily on 

examining the effect of increases in the structural rather than the functional fidelity of 

simulators. This is problematic because previous research has shown that increases in 

structural fidelity, or the realism of the environment, does not correspond with increases in 

educational effectiveness.8,9 However, increases in functional fidelity, or the match between 

the system and how a user performs a specific task, has been shown to be a vital component 

of effective learning and skill transfer.10 In ultrasound-guided CVC, this functional fidelity 

includes using the ultrasound and haptic feel to accurately identify the needle location 

relative to anatomical structures and make corrections to the needle and ultrasound position 

in real-time to accurately place the needle into the vein.

Current CVC simulation training typically includes a functionally static manikin with an 

arterial pulse (controlled through a hand-pump) and self-sealing veins.11 This type of 

training is limited by the fact that it does not contain realistic force profiles for different 

tissues (e.g., skin, adipose tissue, and vessel). This is problematic because the high 

complication rates in CVC procedures have been attributed, in part, to variations in patient 

anatomy such as body habitus and coagulopathy.1,12 In addition, this type of manikin 

training provides only basic feedback on performance, such as blue liquid being aspirated 

when the introducer needle hits the target vessel. Because of this, manikin training has been 

criticized as being resource intensive13,14 because it requires a trained preceptor (e.g., 
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faculty) to be present to provide meaningful, real-time feedback on performance. Thus, in 

order to efficiently reduce the mechanical complication rates associated with CVC 

procedures, higher functional-fidelity simulators are needed to objectively evaluate and 

prepare resident surgeons.

The Dynamic Haptic Robotic Trainer (DHRT)15 virtual reality system was developed to 

respond to this gap by teaching CVC needle insertion skills through variations in patient 

anatomy and by providing objective feedback on performance. This system includes 

seventeen unique patient cases that vary in the anatomical configurations of the patient. 

These variations in patient anatomy are simulated in the system through changes in a visual 

ultrasound image (e.g., size, location, and pulsatility of the vessel) and through haptic 

feedback provided through the robotic arm of the DHRT system that simulates the force 

changes of different types of tissues (e.g., skin, adipose tissue, and vessel), see Pepley et al.
15 for details. Validity evidence based on test content was identified by comparing learning 

and confidence gains in medical students between the DHRT and manikin-based learning 

systems.17 Some validity evidence was identified with respect to motion tracked variables, 

as experts performed better than novices in time to complete and standard deviations of 

deviations of their needle path.18 Finally, prior work by the authors has shown that 

participants improved their performance throughout the course of training on the DHRT 

system and they approached the level of an expert at the end of their training.19 An 

advantage of using functionally high-fidelity simulators like the DHRT for IJ CVC trainings 

is that they can be designed to automatically present feedback in both textual and graphical 

forms which can improve information retention.20 For example, the DHRT system provides 

users with feedback after each insertion trial on the needle angle, final position of the needle 

tip, number of insertions, and amount of unnecessary movements, see Yovanoff et al.21 for 

discussion. This type of variation in scenario and objective feedback can increase both skill 

transferability, skill retention, and self-efficacy.22–25 Self-efficacy is a particularly important 

construct to explore in surgical residency education because there are links between positive 

self-efficacy and increased skill performance.26–28 However, no research to date has 

explored the effect of simulator functional fidelity or personalized feedback on surgical 

resident confidence and objective performance and thus it is unclear how the factors affect 

resident skill gains.

MATERIALS AND METHODS

Based on this prior work, the current study was developed to answer the following research 

questions (RQ):

RQ1: (A) Do surgical residents improve their CVC self-efficacy over the course of 

training and (B) is this improvement in confidence dependent on the training 

environment? Specifically, this research question sought to understand if resident 

CVC self-efficacy changed from pre-CVC to post-CVC training and if this difference 

was owing to variations in the CVC training method (manikin or robotic). It was 

hypothesized that self-efficacy would increase throughout training because prior work 

has shown that simulator training can increase resident comfort with CVC 

procedures.11 However, it was also hypothesized that residents in the robotic group 
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would have larger improvements on CVC self-efficacy because prior research has 

shown that providing feedback increases self-efficacy22,23 and help users cognitively 

engage during the learning process.29

RQ2: (A) How do perceived ratings of performance change throughout training and 

(B) is this change in self-rated performance dependent on the functional fidelity of 

the training environment? Specifically, this question sought to address how 

participant self-ratings of performance compared across training groups over the 

duration of training. The manikin-trained individuals received observational feedback 

from a higher-level resident, whereas robot-trained individuals received specific 

feedback from the robotic system. It was hypothesized that self-ratings of 

performance would increase in both groups throughout training because prior studies 

have indicated that self-perception of motor skills improve with training.22,23 In 

addition, research has shown that competency-based simulation training in US-guided 

CVC insertion was more effective than relying solely on the traditional 

apprenticeship model in improving in-hospital performance and resident skills.30 

However, manikin systems only provide very basic feedback on performance (blue 

liquid is aspirated if the catheter hits a vein), and there is no objective performance 

criterion. Instead, these systems require a trained preceptor (e.g., faculty) to be 

present to provide real-time feedback on performance, which also introduces 

subjectivity to the evaluation process and makes standardization difficult. The DHRT 

system aims to improve simulation training by providing multiple patient scenarios 

and objective, standardized feedback. Because of these differences, it was 

hypothesized that the consistent and objective feedback from the robotic simulator 

would help residents more accurately assess specific skills and performance 

throughout the sessions, when compared to the manikin-trained individuals.

RQ3: How do perceived ratings of performance on the robotic trainer relate to 

objectively calculated performance scores? Specifically, this question sought to 

address how participant self-ratings of performance compared with the objective 

score generated by the DHRT system. Calculated performance scores are generated 

based on several variables, including average angle of insertion, distance to center of 

vein, puncturing the back wall penalties, and more, see Pepley et al. for more details.
19 Although previous research has indicated that even experts may have a low ability 

or no ability to judge their own skill performance,31–33 providing individuals with 

feedback during training may improve their ability to accurately assess their own 

performance.34 Thus, it was hypothesized that there would be a weak positive 

correlation between self-ratings of trial performance and scores generated by the 

DHRT system.

Participants

In order to address these questions, participants were recruited from the first-year residency 

program at Hershey Medical Center (HMC). Participants were invited to participate in the 

study during their “residency boot camp” which occurs during the first week of their surgical 

residency. In total, there were 26 participants (6 females, 20 males) who were in the 

following specialties: general surgery (6), preliminary residents (8), orthopedics (5), 
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otolaryngologists (2), urology (2) plastic surgery (2), and vascular surgery (1). It should be 

noted that 3 participants (all males) were unable to finish the study owing to constraints on 

their residency training. Of the 3 participants, 1 was in the robotic training group and 2 were 

in the manikin training group. Additionally, 1 participant from the manikin training group 

only completed 12 out of the 22 required needle sticks. Their data were included in the 

analysis when available.

Procedures

The study was conducted in 6 sessions over a period of 6 months (Fig. 2). Specifically, 

session 1 was conducted during the first day of boot camp where a brief oral summary of the 

proposed research was provided and consent was attained. Next, each participant 

individually completed a 14-item, 5-point Likert scale central-line self-efficacy survey (the 

complete survey can be viewed at http://www.engr.psu.edu/britelab/projects_cvc.html) 

regarding their confidence in their abilities to perform CVC skills (with 1 being “not at all 

confident” and 5 being “very confident”). As part of their general training, participants 

viewed an 18 minute video36 on central line placement. Beyond watching the video, 

participants were given no instructions on how to perform the procedure. After viewing the 

video, each participant individually completed a pretest where they inserted a needle for 

central line placement into a Blue-Phantom Gen II Ultrasound Central Line Training Model 

(Model #BPH660) while verbalizing what they were doing according to the think-aloud 

procedure.35 During the pretest, a second-year surgical resident observed each participant 

and evaluated them using a modified internal jugular catheterization (IJCVC) evaluation 

form (For full checklist visit http://www.engr.psu.edu/britelab/projects_cvc.html). The 

standard 23-item IJ CVC evaluation form used at HMC evaluates individuals on the entire 

CVC procedure, from draping the manikin to inserting the guidewire, securing the catheter, 

and additional steps. The modified IJ CVC evaluation form is a 10-item checklist focusing 

exclusively on the needle insertion portion of the procedure and includes items like 

“continuously aspirating the entire time” and “selecting the appropriate site for 

venipuncture.” The observer did not provide participants with feedback throughout their 

pretest, but once the pretest was complete, they did inform the participant if they had 

successfully placed the needle and what errors occurred during the procedure. There was a 

5-minute time limit for the pretest and if the participant did not successfully stick a vessel 

during the 5-minute time period, the pretest was terminated. After the pretest, each 

participant was randomly assigned to 1 of 2 training conditions: manikin or robotic.

Manikin training (N = 13)—Participants completed training on a Blue-Phantom Gen II 

Ultrasound Central Line Training Model (Model #BPH660) or a similar training manikin.

Robotic training (N = 13)—Participants completed training on the DHRT.

Session 2 was conducted 5 weeks after session 1. During this session, a second-year surgical 

resident gave a demonstration of central-line placement on a manikin simulator using the 

same procedures used to train individuals in the surgical residency program at HMC. After 

viewing the demonstration, participants in the robotic training condition watched an 

instructional video on how to use the DHRT system. Both groups then individually 
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completed 2 practice insertion attempts on their assigned training devices. Importantly, 

individuals in the robotic condition only received feedback from the DHRT personalized 

learning system (Fig. 1), whereas individuals in the manikin condition received their 

feedback from a second-year surgical resident who observed their performance. It is 

important to note that after each insertion attempt on the DHRT system and before 

personalized feedback was provided, robotic participants were asked to rate their 

performance on the system on a scale of 1 (“very poor”) to 5 (“very good”). After receiving 

their feedback on each insertion attempt, participants in both groups recorded their 

performance on a practice insertion performance evaluation form (PIPEF) (Fig. 3) included 

in a self-evaluation training books in a self-evaluation training book (for full book please 

visit http://www.engr.psu.edu/britelab/projects_cvc.html).

Sessions 3 and 4 each included 10 practice needle insertion attempts on the participant 

assigned training system. After each trial, participants were asked to fill out the practice 

insertion performance evaluation form. These sessions were approximately 4 weeks apart. 

Session 5 was the final practice session where all participants, regardless of condition, 

completed 2 full practice sessions on the entire CVC insertion procedure, which included 

items such as sterilization and patient consent, on a manikin. Their performance was 

evaluated by a second-year surgical resident using the IJ CVC checklist. Finally, session 6 

was conducted over a period of 2 months based on resident availability. During this session, 

participants individually performed a posttest needle insertion on a manikin using the same 

procedures outlined in the pretest including the completion of the same CVC self-efficacy 

survey given in session 1. Aside from this focused training in central line placement, 

participants did not have additional CVC insertion practice between sessions. However, it is 

possible that subjects of either cohort may have witnessed others inserting central lines in 

the surgical intensive care unit.

RESULTS AND DISCUSSION

In order to answer our RQs, statistical analyses were performed on the central line self-

efficacy survey (CLSE), the practice insertion performance evaluation forms (PIPEF), and 

objective scores generated by the DHRT. All analyses were conducted using SPSS (v. 24.0) 

with an error rate of 0.05 unless otherwise specified.

RQ1a: Do Surgical Residents Improve Their CVC Self-Efficacy Over the Course of 
Training?

Statistical analyses were performed on the pretraining and posttraining CLSE (central line 

self efficacy) surveys. In order to analyze the change between responses on the pre-CLSE 

and post-CLSE survey, an ordinal logistic regression was conducted with the test order 

(pretest or posttest) as the independent variables and each survey question as a dependent 

variable, see Table 1 for median survey response data. These results exclude the questions 

owing to singularity in the algorithm, or when the software could calculate these values 

(Table 1). For the manikin training group, the results showed that all survey questions were 

significantly improved from the pretest to the posttest. For the DHRT training group, all 

survey questions were significantly improved from the pretest to posttest with the exception 
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of “Locating the needle on the ultrasound image” which had a median value of 4 for both the 

pretests and posttests. These results are encouraging because both training groups showed 

improvements in resident self-efficacy, which has been shown to relate to skill performance.
26,27

RQ1b: Is This Improvement in confidence Dependent on the Training Environment?

Although the analysis of the CLSE survey revealed that training on either the manikin or the 

robotic system improved self-efficacy for CVC insertion skills, there were differences in 

confidence gains across training environments for different skills. In order to determine 

specific differences between the 2 training groups for the preself-efficacy and postself-

efficacy, the CLSE surveys were analyzed using a generalized estimating equation, which 

allows analysis of repeated measures (pretest and posttest) across multiple observations 

(multiple questions). The between-subject variable was participant ID, the within-subject 

variable was test order (pretraining or posttraining), the factors were the type of training 

(DHRT or manikin) and each question on the CLSE survey, with results reported in Table 2.

The results showed that for “Using tactile feedback to help guide the introducer needle” 

there was a statistically significant interaction effect between pretest/posttest and training 

method (p = 0.034) with a beta value of 3.762 and an odds ratio of 43.03. This indicates that 

individuals in the robotic group were 43 times more likely than the manikin group to 

increase their self-efficacy rating for this measure. In addition, although not significant (p = 

0.069), the interaction effect between pretest/posttest and training method for “Placing the 

introducer needle in the center of the vein in one attempt” (beta value of −1.990 and an odds 

ratio of 0.13) also points to the need for further exploration. Specifically, manikin-trained 

individuals who did not get objective feedback on how close they were to the center of the 

vein, rated their performance more highly. These results indicate that there may be an effect 

of training environments and confidence changes in this skill.

Although the analysis of the CLSE survey revealed that training on either the manikin or the 

robotic system improved self-efficacy for CVC insertion skills, participants trained on the 

robotic system showed larger improvements in their confidence in their ability to use tactile 

feedback to guide the introducer needle. On the other hand, participants trained on the 

manikin had larger gains in confidence in their ability to place the needle in the center of the 

vessel. This finding is interesting, because the DHRT system provides specific feedback on 

the closeness of the needle to the center of the vein after each trial, information that the 

manikin training system would have difficulty providing feedback on. As such, manikin-

trained residents are unlikely to receive feedback on this skill during training and may have a 

false sense of confidence in this ability. However, future work is needed to explore why this 

is occurring and how accurate these self-efficacy gains align with actual performance on the 

manikin trainer. Regardless, the results presented here indicate that the DHRT system is at 

least as effective as the manikin for increasing resident self-confidence with CVC insertion 

skills, confirming prior research that found that self-efficacy can be improved through the 

practice of skills.11
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RQ2a: How Do Perceived Ratings of Performance Change Throughout Training?

In order to understand how self-ratings changed within each training group, a Wilcoxon 

Signed Ranks test was run to compare self-ratings on the first and last needle insertions for 

both groups with “self-rating” as the dependent variable and “insertion number” as the 

independent variable. Assumptions were checked and the distributions were approximately 

symmetrically shaped. The results revealed a statistically significant increase in self-rating 

for the manikin training group from pretest (Mdn = 3) to posttest (Mdn = 5) z = 2.762, p = 

0.006. There was also a statistically significant increase in self-rating for the robotic training 

group from pretest (Mdn = 3) to posttest (Mdn = 4) z = 2.919, p = 0.004. As hypothesized, 

this shows that for both groups, participants felt they had improved their CVC insertion 

performance. More importantly, we wanted to determine if there were specific differences in 

self-ratings of performance on various skills between the 2 training groups.

RQ2b: Is This Change in Self-Rated Performance Dependent on the Functional Fidelity of 
the Training Environment?

In order to determine differences between the 2 training groups for increases in their self-

ratings of performance, a generalized estimating equation was conducted with all 22 trials. 

Specifically, the between-subject variable was participant ID, the within-subject variable was 

the trial number, the factor was type of training (robotic or manikin), and dependent variable 

was self-rating of performance on scale of 1 (very poor) to 5 (very good). The ordinal 

logistic regression showed a statistically significant main effect for training method (p < 

0.000, χ2 = 20.517) and trial number (p < 0.000, χ2= 1020.276). These results indicated that 

performance changed over time and that in general the manikin group rated their 

performance higher than the robotic group did throughout the trials (Fig. 4).

In addition, there was a statistically significant interaction effect for the entire model 

between trial and training group (p < 0.001, χ2 = 196.273). In other words, for each 

individual trial, there was no significant difference between how the manikin and robotic 

group rated their performance on each individual trial (e.g., trial 1). However, when all 22 

trials were considered together, the way that the ratings changed over time was different for 

each training group. Specifically, the results revealed that ratings for trials 1, 2, 3, 4, 13, and 

16 were statistically significantly different from the mean rating of the rest of the trials. 

Trials 1 and 2, 3, and 4, and 13 were all the first trials of training sessions 2, 3, and 4, 

respectively. Prior research indicates that skill retention declines over time for CVC 

procedures,36 so it is not surprising that the mean ratings of performance would be 

significantly lower for the first insertion after a period of not practicing.37 Figure 4 shows 

that the mean rating for performance on trial 16 on the manikin was similar to the 

surrounding trials, but that self-ratings for the robotic group were visibly lower. This trial 

presented a patient with very thin skin and shallow vessels that were nearly vertical. Of the 

13 robotic participants, 1 participant punctured the artery and 3 participants punctured 

though the back wall of the vein during this trial meaning that this trial may have been more 

difficult than some of the other cases presented to the robotic group, see Pepley et al.38 for 

detailed findings. This suggests that the specific patient case for trial 16 had an effect on 

performance and self-rating. However, future work is needed to further investigate the effect 

of the patient case on perceived performance.
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In order to understand if the amount and type of feedback impacted self-ratings of 

performance, content analysis was performed on the responses to “List any errors you made” 

recorded in the self-evaluation training books after each insertion trial. The responses were 

transcribed and analyzed by 2 independent raters using combined inductive and deductive 

content analysis39 in NVivo v11.4.0. Specifically, each feedback item from the learning 

feedback screen (see Yovanoff et al.21 for a detailed description of learning feedback 

screen), with the exception of overall score, was made into a node in NVivo. This resulted in 

the following 6 nodes: angle, aspiration, distance to center of the vein, number of insertions, 

and arterial puncture. Next, 2 researchers verbally discussed each node until both felt 

satisfied that they had a mutual understanding of each item. Each rater then, independently, 

rated 7 of the participant books and added any nodes they felt were frequently mentioned. 

Together the raters then reevaluated the existing nodes to form a consensus for which nodes 

were a good representation of the feedback being provided. The following 3 nodes were 

added: “external landmark,” “left versus right hand,” and “ultrasound monitor.” Once the 

coding scheme was set and an interrater reliability (weighted κ) of 0.72 was achieved, the 

remaining 19 self-evaluation participant books were coded, see Table 3 for representative 

coding schema.

In order to determine whether an equal number of participants from each of the training 

conditions reported each type of errors during their CVC training, chi-squared goodness of 

fit tests were conducted. Of the 372 errors recorded in the self-evaluation participant books, 

144 were reported from the manikin group and 228 from the robotic group. The results 

indicated that the number of errors were not equally represented by participants in the study. 

Specifically, the robotic group reported a significantly higher number of total errors (χ2 (1) 

= 18.97, p < 0.001), errors in the angle of insertion (χ2 (1) = 14.52, p < 0.001), errors in the 

needle tip’s final distance to the center of the vessel (χ2 (1) = 19.15, p = 0.002), and errors 

in having multiple insertion attempts (χ2 (1) = 23.06, p = 0.005). Although not significant 

(χ2 (1) = 3.45, p < 0.063), the robot-trained individuals reported more errors in aspirating 

during the insertion attempt. On the other hand, participants in the manikin group reported a 

significantly higher number of errors in pressure or torque during the insertion attempts (χ2 

(1) = 8.00, p = 0.005). The remaining differences were not significant. These detailed error 

reports relate to prior research which has indicated that, when provided with specific 

feedback on cues that are indicative of performance, self-evaluation skills will improve in 

accuracy.34 This suggests that the fidelity of the robotic simulator (e.g., haptic feel and 

patient scenarios) or objective feedback provided may better prepare participants at 

evaluating their performance when compared to the manikin group.

These results showed that participants in both the manikin and robotic training groups 

increased their self-ratings or performance over the course of their training. On average, 

individuals in the manikin group rated their performance higher than the participants in the 

robotic group and recorded approximately half the amount of errors as those in the robotic 

group, despite no differences in actual posttest performance. This suggests that the 

participants in the robotic group may have been better at evaluating their performance than 

participants in the manikin group. This is important because prior research has suggested 

that providing individuals with specific feedback about their performance, and specific 

feedback about how to evaluate their performance, can increase the accuracy of their self-
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evaluations.5 Evaluating performance and noticing errors may result in greater attention 

allocation to the task and therefore, lead to increased learning and skill retention.28,41 

Residents who can accurately assess and improve their performance in these skills may be 

more adequate in determining where their needle tip is located and therefore, less likely to 

cause a pneumothorax (puncturing a lung), or a hematoma (excessive bleeding) caused by 

arterial puncture, both of which are common complications for IJ central line placement.
42,43

RQ3: How Do Perceived Ratings of Performance on the Robotic Trainer Relate to 
Objectively Calculated Performance Scores in the DHRT System?

In order to answer this research question, a linear regression analysis was conducted in order 

to determine if the self-ratings of performance a participant received before receiving from 

the DHRT system were related to the objective scores generated by the DHRT system. The 

dependent variable in the model was the objective score generated by the DHRT system and 

the independent variable was the participant’s self-rating of performance recorded in the 

DHRT system. The assumption of a monotonic relationship was confirmed through a visual 

evaluation of a scatter plot. The results showed that self-ratings of performance on the 

DHRT system could significantly predict the objective score of the DHRT system, R2 = 

0.223, F (1,285) = 81.294, p < 0.001; adjusted R2 = 0.220, B = 0.109. These results indicate 

that participants who used the DHRT system were able to predict how well they performed 

on the DHRT system.

In summary, both groups felt that their training system was an effective method of teaching 

the necessary skills for CVC placement. However, the DHRT system helped trainees more 

accurately assess their own performance by giving feedback on objective measures. The 

ability to accurately assess performance may have been improved by the multiple patient 

scenarios and specific feedback on performance cues provided.34 This is supported by the 

finding that participants’ self-ratings of performance were correlated to the score generated 

by the DHRT. This is especially interesting when considering the fact that the robotic 

training group had consistently lower self-ratings of performance, even though the analysis 

of the CLSE revealed that both groups were equally confident in their ability to perform 

CVC skills. The findings that robot-trained participants rated their performance more 

critically and accurately suggest that there may be a discrepancy between how well manikin-

trained novices think they are performing and how well they are actually performing. These 

findings, combined with prior research,44 suggest that individuals trained in the manikin 

group were over confident in their skills. Although these results indicate that the self-

efficacy may not be a good reflection of actual performance, it is still important to evaluate 

self-efficacy as part of overall skills competency45 because research has shown that self-

efficacy can affect skill gains46 and performance.47

CONCLUSION

The goal of this research was to determine how self-efficacy and self-ratings of performance 

were affected by the functional fidelity and feedback provided of the surgical training 

system. The main findings of the study were as follows: (1) participants in both the manikin 
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and DHRT condition showed statistically significant improvements in their CVC insertion 

skill self-efficacy over the course of their training; (2) participants in both training groups 

increased their self-ratings over the course of their training, but participants in the manikin 

group rated their self-performance higher than participants in the DHRT system over the 

course of the training; (3) participants who used the DHRT system reported significantly 

more errors during their training; and (4) participants who used the DHRT system were able 

to predict their objective performance score on the DHRT system.

Although these results are promising for the use of the DHRT system, there are several 

limitations to this study. One limitation of this study is that the patient scenarios and 

objective personalized feedback were examined as a complete system and not investigated 

separately. In other words, we holistically compared gains in self-confidence and 

performance assessment between 2 functionally distinct simulators: manikin, which 

provides a single anatomical configuration and subjective feedback, and robotic, which 

provides multiple patient configuration and objective feedback. As such, we can only 

conclude that both of these items, together, affect performance and cannot speak to the effect 

of these 2 items individually. Future work should be geared at exploring these factors in 

greater depth. Additionally, the pretests and posttests were conducted on the same manikin 

that was used for the manikin training group. This is encouraging for the use of the DHRT as 

a training method since participants trained using this device were equally confident in their 

ability to perform the procedure, but it does limit the conclusions that can be drawn about 

participants in the manikin group. Although this robotic system is not currently available on 

the market, our team is working to duplicate and commercialize this patent-pending system. 

The detailed costs of the system can be found in Pepley et al.19 Lastly, this study focused 

performance on training simulators, but did not examine skill transfer. Future work will 

focus on the effect of training in these robotic simulators on central line placement in 

clinical settings through an on-going longitudinal study in the surgical intensive care unit.
16,40
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APPENDIX.: CVC INSERTION CHECKLIST

Please identify how successful the resident was in performing each of the following skills 

without any assistance or prompting:

Satisfactory Comments

Selecting the appropriate site for venipuncture Y N

Selecting the correct ultrasound probe and using it in the appropriate orientation Y N

Obtaining a clear image of the target vessels using the ultrasound machine Y N

Correctly distinguishing artery and vein: demonstrates compressibility of vein Y N

Inserting the needle at a 35–45° angle from the skin Y N

Locating the needles position on the ultrasound image Y N

Advancing the introducer needle slowly and steadily Y N

Placing the introducer needle at the center of the vein Y N

Number of attempts ______

Confirming vessel entry by aspiration of blood Y N

Conducting the entire procedure without any mistakes Y N
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FIGURE 1. 
(left) DHRT system features and (right) personalized feedback screen that is presented after 

each insertion trial on the DHRT.
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FIGURE 2. 
Training Session Outline.
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FIGURE 3. 
Practice insertion performance evaluation form included in self-evaluation training books.
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FIGURE 4. 
Mean self-rating of performance on each trial. Trials 1, 2, 3, 12, 13, and 22 use the same 

baseline patient scenario. * Indicates the mean self-rating of performance for that trial was 

significantly different than the mean of all trials combined.
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TABLE 3

Errors from the Self-Evaluation Training Book by a Manikin Participant and a Robotic Participant and the 

Code of the Item from the Content Analysis

Insertion Number

Manikin Group Participant Robotic Group Participant

Response NVIVO Code Response NVIVO Code

1 Probe orientation, 
aspire as you insert 
needle

– Probe
– Aspiration

2 insertions – Number of insertions

2 NA – Failed to access, far from center – Distance to center of vein

3 Went past vein – Distance to center of 
the vein

2 insertions – Number of insertions

4 NA – 2 insertions, pulled out of vein at end – Number of insertions
– Distance to center of vein

5 NA – Pulled out after removing probe and 
had to re-access

– Distance to center of vein
– Number of insertions

6 NA – Still pulling out when removing 
probe, 2 insertions

– Distance to center of vein
– Number of insertions

7 NA – Pulled out when removing probe – Distance to center of vein

8 NA – Pulled out when probe removed – Distance to center of vein

9 NA – Didn’t pull out when removing probe 
but required 2 attempts to access

– Number of insertions

10 NA – 2 attempts to access – Number of insertions

11 NA – 2 attempts to access – Number of insertions

12 NA – Attempts because not close to center 
and losing access

– Number of insertions
– Distance to center of vein

13 Didn’t aspirate 
initially, went through 
vein, but was able to 
troubleshoot

– Aspiration
– Distance to the 
center of the vein

Angle too steep – Angle

14 NA – Pulled needle out – Distance to center of vein

15 NA – Shallow angle – Angle

16 NA – Multiple attempts – Number of insertions

17 NA – 2 attempts – Number of insertions

18 NA – Hit carotid, multiple passes – Arterial Puncture
– Number of insertions

19 NA – 2 attempts – Number of insertions

20 NA – 3 attempts? fairly certain hit vein and 
stayed in

– Number of insertions

21 NA – 2 attempts – Number of insertions

22 NA – 2 attempts, close to center – Number of insertions
– Distance to center of vein
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