Title Page

Title:

Use of non-technical skills can predict medical student performance in acute care simulated scenarios

Authorsand affiliations:
Jackie S CHaNicholas E Antof) Tomoko Mizot4, Julie M Henning$ Megan A Rendirfa Katie

Stanton-Maxey Hadley E Rittet; Dimitrios Stefanidi§ Denny Y

®School of Industrial Engineering, Purdue University, 315. N. Grant St. West Lafayette, IN 47907, USA
bDepartment of Surgery, Indiana University School of Medicine, 545 Barnhill Dr., EH 125,

Indianapolis, IN 46202, USA

Correspondence concerning this article should be addressed to:
Denny Yu, PhD, CPE

Assistant Professor of Industrial Engineering
Assistant Professor of Health Sciences (by courtesy)
Purdue University

Grissom Hall, 268

West Lafayette, IN,

Email: DennyYu@purdue.edu

office: (765) 494-7346 fax: (765) 494-7693

This study was presented from the podium at the annual meeting of the Association for Surgical

Education in Austin, TX, on May 1, 2018.

Funding: This research did not receive any specific grant from funding agencies in the public, commercial,

or not-for-profit sectors

This is the author's manuscript of the article published in final edited form as:

Cha, J. S., Anton, N. E., Mizota, T., Hennings, J. M., Rendina, M. A., Stanton-Maxey, K., ... Yu, D. (2018). Use of non-
technical skills can predict medical student performance in acute care simulated scenarios. The American Journal of Surgery.
https://doi.org/10.1016/j.amjsurg.2018.09.028


https://doi.org/10.1016/j.amjsurg.2018.09.028

Abstract

Background: Though the importance of physician non-technibél) skills for safe patient care is
recognized, NT skills of medical students, our fatphysicians, has received little attention. Thisly
aims to investigate the relationship of medicatistu NT skills and clinical performance during a&cut
care team simulation (ACTS).

Methods. Forty-one medical students participated in ACASwrse confederate facilitated and evaluated
clinical performance. Two raters assessed partitip& T skills using an adapted NT assessment tool
and overall NT skills score was calculated. Regoesspredicting clinical performance using NT
constructs were conducted.

Results: Overall NT skills score significantly predictetligents’ clinical performance®0.178,p=0.006).
Individual NT constructs also significantly predidtperformance: communicatiori<@.120,p=0.027),
situation awareness?40.323,p<0.001), leadership%0.133,p=0.019), and decision making<£0.163,
p=0.009).

Conclusions: Medical student NT skills can predict clinicarfs@mance during ACTS. NT skills

assessments can be used for targeted educatibatfer feedback to students.
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Introduction

Surgeons’ non-technical (NT) skills, which are egetl around social, behavioral, and cognitive sKill
that facilitate safe and effective patient care/ehlaeen identified as critical for surgical teamfgenance
and patient safety in the operating robhi.iterature in the surgical domain have distilladge skills into
constructs such as communication, teamwork, decisiaking, and situation awareness, and studied thei
relationship to surgical outcom&$ Previous research found that communication wasabkeal factor of
43% of errors during surgical incidents duringpddbses of surgical care and errors of NT skillsamee
frequent than technical skill errors in traumaaions®”® Recent literature reviews found 21 articles
showing failures in NT skills were associated wiite of technical errors:*°Three out of thirteen
reviewed studies of simulation-based trauma teamitrg found significantly increased clinical team
performance after NT training. Given the important®IT skills in the operating room and trauma care

several tools have been proposed to facilitataitrgiand assessments.

Various assessment tools have been developeddssagsrying team roles and surgical specialty. For
example, the Non-Technical Skills for Surgeons (ST measure has been designed to assess surgeons
and the Oxford Non-Technical Skills (NOTECHS) arlos@rvational Teamwork Assessment for Surgery
(OTAS) have been commonly used to assess surgaals and sub-tearfi5- ™3 These tools have been

used to link NT skills and surgical outcomes analeate teamwork behavior of surgical team
members:***Other investigators have adapted these toolspferific surgical specialties. T-NOTECHS
has been developed for evaluation of NT skillstfauma resuscitation teams while the Interpersandl
Cognitive Assessment for Robotic Surgery (ICARS)leates NT skills during robotic surgery® A
systematic review by Wood et dlhas shown that the interrater reliability of thaseessment tools vary
between specialty and tool. While these evaluatiooss on surgical teams, limited tools focusedNdn

assessments during early medical education.



Current literature on medical students NT skillgehheen limited and focused on few constructs.
Brunckhorst et al® emphasized the need for NT skills training anduatad the feasibility of a
simulation-based curriculum to assess technicaNandkills simultaneously. It was found that theras

a strong correlation between these skills and jésessment of these skills are needed in medickdrd
training curricula. Yedidia et af.evaluated a communications training program fodioa students and
observed significantly improved NT skills, e.g.namunications competence and decision-making.
Finally, the Self-Assessment Teamwork Tool wasgiesd for self-assessment of practicing physicians
and used medical student for validating the t8@hough these studies have medical student paatitsp
there is a need to develop an objective, obserased assessment for medical student NT skills gurin

early medical education.

Though the importance of physician NT skills fofespatient care is increasingly recognizéd,
assessment of NT skills of medical students, ouréuphysicians, has received little attention. The
objectives of this study were: (1) to develop d toassess medical student NT skills in acute tsam
scenarios (ACTS); (2) to investigate relationstepaeen NT skills and simulated clinical performance

score; and (3) to evaluate interrater reliabilityhe tool.

M ethods

Study design

Institutional review board approval (IRB#1611105A0R9) was obtained at Indiana University School
of Medicine. Third year medical students voluntagarticipated in this study. After obtaining weitt
informed consent, participants completed one ossnulated ACTS, randomly assigned, for their
general surgery clerkship rotation evaluation atltfdiana University Simulation Center. Studentseve
given 10 minutes to complete each a scenario. Witlis time, they assumed the role of the primary

surgical resident responsible for patient carecmdpleted patient assessments, determined diffakent



diagnoses, and formed a definitive treatment pléie. scenarios described situations from pre- to-pos
operative day 5 and are summarized in Table 1.sthaarios were facilitated by a nurse confederate w
evaluated student clinical performance on an exgereloped assessment tool (Figure 1), which was
collaboratively created with the surgery clerksthiggctor, nurse educator, and surgical education
researcher. The nurse confederate was a very erped medical educator and was consistent for all
participants. A patient manikin (SimMan 3G, Laerifiddical, NY) was used to represent the patierd, an
the actor operating the manikin was also consiskath session was video recoded by three cameras
capturing the manikin’s vitals, an overhead vievitaf patient bed, and a high-angle view of the

simulated room (Figure 2). The students’ NT skilere evaluated using an adapted NT skills tool.

NT assessment tool development

A modified NOTECHS tool was adapted from curretgriiture to ACTS by a team of clinicians and
human factors engineers (Table 2). A compilatiomxa$ting NT skills assessment tools was completed
which included tools such as the Oxford NOTECHSTISS, OTAS, and T-NOTECHS. Constructs and
subscales (i.e., elements in the NOTSS scale)mwithch construct were taken and overlapping
constructs were consolidated. The constructs ofhwanication, situation awareness and vigilance,
cooperation and team skills, leadership, and detisiaking and problem-solving were included in this
tool. The constructs were comprised of subscakgsthre identified critical to ACTS, which was
determined through consensus among human factghsesms and study-team members with knowledge
about surgical critical care and the ACTS. Notaihlenges to the modified assessment tool include the
separation of communication aspects between thiealiteam and to the patient. Patient communioatio
in ACTS was found to be critical and were evaluaeparately, which was not prevalent in previous
literature>** Each construct was comprised of subscales that individually rated. The construct score
was determined by the average of all element sauithi the construct. Overall NT skill score wagh
calculated from the average of all five constru€tse score range was adapted from the OTAS

assessment. The specific subscales scores range was 0 — 6evthepresented very problematic



behavior which endangered patient safety and teafornmance and 6 representing model behavior. For
example, the rating 0 for the “risk assessment’eale of the decision making and problem-solving
(Table 2) construct would indicate not vocalizirapcerns or decision process, while the rating 6levou
be given if the trainee identify future problemslaamains calms to unexpected events. Non-appécabl
could be used for subscales that were not obsemeédhis was not used in the overall score. Poalata
analysis, raters completed several training sessimgain consensus. The human factors team cawluct
2 training sessions to train raters. First, aneer of the constructs was given along with disausef

the anchor points and exemplars for each constfua.examples from pilot data were evaluated

individually then reviewed as a group.

Evaluation and statistical analysis

The first 22 cases were evaluated independently thiee raters (one clinician and two human factors
raters), while the remaining 19 cases were evaluatth two raters (one clinician rater and one hama
factors rater). Each case was evaluated by at2e@ders. Each rater scored each subscale and the
average of all subscale elements were taken atiwruct score. The averages of the construct and
overall NT skills scores were calculated. The sateere completely blinded to the clinical performman
score. Clinical performance scores were compleyetid nurse confederate immediately after the
scenario, and overall clinical performance was wsethe metric to correlate with NT skills. The ale
clinical performance score was scored taking inttrits such as the accuracy of the students’ fatuse
assessment and differential diagnosis, appropgateaf the definitive and supportive treatment, thied
time to complete the scenario. SPSS (v.24, IBMc@io, IL) was used for statistical analysis. Ong-wa
analysis of variance (ANOVA) with Tukey-Kramer asfjonent was conducted to compare the effect of
scenario on NT skills score. Linear regressiondiptiag clinical performance using NT constructgeve
completed. Finally, the two-way random intra-clesgelation (ICC) was calculated for the for theerg’
scores. Following consensus of the field, the IC@a&s within the range of 0.21 — 0.40 indicated fai

between 0.41 — 0.60 as moderate, and within 0G86-indicated substantial agreem@&mdata were



expressed as mean and standard deviatigrv#lue of less than 0.05 was considered statigtical

significant.

Results

Forty-one 3 year medical students participated in the studlypdtticipants completed the one of six
scenarios and scored for their NT skills. Six stiusleompleted scenario 1, 9 completed scenarind28a
completed scenario 3. Six students completed sicefa8 completed scenario 5, and 4 students
completed scenario 6. The scores of each of thedW§tructs are summarized in Table 3. Range of NT
skills varied widely between participants. The Istwainimum score of a participant was 0 in leadersh
and highest maximum score was 4.8 in communicabonparticipants received the maximum score
(rating of 6) for any of the constructs. The averagores for each construct ranged from 3.1 to 3.4,
within the range where their behavior neither ewkdmor hindered patient safety. The mean and
standard deviation clinical performance scoresft@narios 1 — 6 were 69 + 21, 60 + 27, 65 + 18: 83,
74 £ 22, and 69 * 20, respectively. NT skills sooigarticipants completing scenario 6 was sigatiiity
higher than all other scenariqs< 0.001). The greatest score difference of 0.78 seen between
scenario 6 and 4, while the smallest score diffezeaf 0.45 with scenario 6 was scenario 1. Scerario
score was 0.28 higher than scenarip 4 0.024). No other significant differences wererfd between

the scenariogp(> 0.129).

Figure 3 shows the relationship between overalskll score and clinical performance score. Anaysi
of the results indicated no violation of regressagsumptions of normal distribution, linearity, and
homoscedasticity. Overall NT skill scores signifittg predicted the student’s overall clinical
performance in ACTSp(= 0.422, ¥ = 0.178,p = 0.006). Four of the five individual constructsaa
significantly predicted performance: communicatfprs 0.346, = 0.120,p = 0.027), situation
awareness and vigilance £ 0.569, ¥ = 0.323,p < 0.001), leadership (= 0.364, f = 0.133,p = 0.019),

and decision making and problem-solvipg=(0.404, ¥ = 0.163,p = 0.009). Cooperation and team skills



scores, however, did not show a significant refetiop p = 0.230, = 0.053,p = 0.148). Analysis with
the extreme outlier removed (beyond quartile 1 ntgtquartile range or quartile 3 + 3*interquartile
range) was conducted. The correlation betweenwbeath NT score and clinical performance was no
longer statistically significant{= 0.014,p = 0.219); however, the situation awareness & aigik

relationship remained statistically significarft£r0.143,p = 0.009).

The ICC among the three raters was 0.539 and thieb@ch’s alpha based on standardized items was
0.541. The ICC between rater 1 and 3 (both humetorfaraters) was 0.648 and between rater 1 and 2
(human factors & clinical rater) was 0.489. The |&fteement for each construct ranged is summarize i

Table 4.

Discussion

Our adapted NT assessment tool provides a framef@odducators to evaluate medical students’ NT
skills during ACTS training. The mean score forfeaonstruct was between 3 to 4, and the tool was
sensitive to the high variability of NT skill scarbetween participants. Average scores (~3) inglicat
behaviors that neither enhanced nor hindered teafarmance patient safety, and no student received
maximum score, which suggest that further emplasiNT skills training may need to be incorporated i
the medical student training curriculum. This maydspecially critical as 20% of students receiesd |

than 3, which indicate behaviors that slightly ¢werely compromise team performance and patiept car

NT skills could significantly predict simulated mi¢al performance during ACTS. Consistent among the
significant relationship is that increasing NT kk#écores was positively related to increasingazin
performance. Situation awareness and vigilancelmadtrongest correlation with clinical performance
better explaining clinical performance variatiohari the other constructs. The situation awarengss a
vigilance construct focuses on the monitoring, usi@ading, and anticipating the team and patieat. O

findings suggest that these may be especiallycalithn ACTS. These findings are similar to the firgs



of Hull et al® which was that low situation awareness among simgjare associated with increased
incidences of technical errors. In contrast toditgation awareness and vigilance construct, oaliriigs
did not show a significant correlation betweeniclhperformance and cooperation and team skills
construct; however, this does not necessarily niear‘positive rapport” and “understanding teamdse
(examples subscales of this construct) are naotakih ACTS. Specifically, the lack of correlatiomay

be due to the simulation design. The current ACdeéharios consisted only of 2 team members, and
trainees may have not encountered the need torpedctions that were evaluated under this category

such as team conflict handling which the raterslditiuen rate N/A.

The proposed NT assessment tool can potentiallgrerehmedical student education and builds on the
existing toolkit for NT skills assessment. Conststidentified critical to ACTS mirrored work by
Hamilton et af®, which included an additional “escalating care’tniee and the Physician-Patient
Interaction Global Rating Scale by Hull ef4lwhich is a validated tool that included metriostsas the
physician’s empathy and amount of organization. ifleatified domains where students scored lower
could be used to provide better personalized fegdtmastudents. Although more evidence for the'sool
validity is needed, this information may accelesttalents’ learning curve by allowing them to targe
specific NT skills in their training. More importéy this tool provides educators and students
guantitative and predictive data points that shdvictvspecific skills significantly impact clinical
performance for a given curricula. In the curre@TSs scenarios, results showed that the constructs
situation awareness and vigilance and leadersinifpedargeted for education. Furthermore, sincethe
are many brief simulation assessments in today@icakstudent education, there are many opporasiti
to apply this NT skills tool. The multiple simulati and NT assessments over time can provide a
longitudinal tool to continuously assess NT tragnin medical education and transfer of NT skills as

simulation complexity scales.



Future work is needed to address several limitatiorhis study. There were a limited number ofrst
and scoring may be subjected to their bias andrégpeFor example, the clinical rater may haveesdo
students less for respect for the patient withrttraining of bedside manners than the human factder
which may have affected ICC. The presence of ainbderate agreement showed that further
improvement of the tool by defining different or redehavioral marketsmay be needed to reliably
assess the subscales and constructs. The highagawtudent NT skills scores in scenario 6 coald b
attributed to the nature of the case. In the fivet scenarios, the patient was less responsivestntnts
often encountered unexpected events such as tleatmtreaming. Students’ response to unexpected
events was evaluated in a subscale within decisi@king and problem-solving, which a negative
reaction may have decreased their NT skills sdorthe last scenario, however, students often had
conversations with the patient, who was gettinglyega be discharged, and may not have felt theesehs
urgency as much as those in the pre-operative BoeAdthough statistical relationships betweemiclal
performance and NT skills scores were limited, wkelve that further refinement of the tool can ioy&
its interrater reliability and its predictability olinical performance score. In addition, findirfgem this
study can be further supported if a physician redenpletely removed from the ACTS simulation, rinat t
nurse confederate, evaluates the clinical perfoomaaore. Future work will include adding additiona
raters, and applying the tool in non-simulatedrsg$t and gathering additional evidence of the'sool

validity.®

Conclusion

An assessment tool of NT skills for medical studesttmpleting ACTS was developed. The study
showed that NT skills is correlated with simulatdéidical performance. NT assessments provide deeper
insight to how NT skills constructs influence penfimnce and can be used to focus training and peovid

specific feedback to trainees.
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Table 1. Description of ACTS scenarios

Scenario

Description

1: Motor vehicle crash (MVC) sho

2: Pneumothoradue tc centralvenousline

3: Disturbance of consciousness du
hyponatremia

4: Left leg compartment syndroi
5: Pulmonary Embolt

6: Heparin Induced Thrombocytope

Patient has been brought to the emergency |
after an MVC and has damaged left lower
extremity with bleeding controlled by tourniquet
Patient is 6 hours out from surgery and compl
of chest pain

Pos-operative day 2 and patient is ve
combative, confused, and refusing physical
therapy. Water bottles are hidden beneath limbs.
Pos-operative day 3 and patient’s external fixe
was bumped, and patient is under serious pain
Pos-operative day 4 and patient is complaining
some leg pain

Pos-operative day 5 and patient has rash on
and heparin injection site




Table 2. Sample of subscales of assessment tool

COMMUNICATION

Subscale Description Score
Instructions/Questions to tee

members distinct Spoke loud and clear; provided concise instructanmdor
Instructions/Questions ! descriptions; unambiguous; uses names

patient distinct

Responded verbally to questions; did not mumbleett

Responses/Dialogue distinct spoke clearly when sharing relevant information

Respect for tea Faces team while speak

Empathizewith patient; proper tone of voice; respec

Respect for patient posture; appropriate touching

SITUATION AWARENESS/VIGILANCE

Observes team members & patient; asks for infoong

Notice/Monitor aware of available resources; request
reports/updates/progress
Understand/Share/Thir Observes and discusses own and team'’s capabditd
ahead/Anticipate constraints; identifies possible future problem
COOPERATION/TEAM SKILLS
Maintains positive Relaxed; supportive; does rcompete/antagonize team
rapport/ream building patient
Open to opinions/understan Listens to others; recognizes ability of team
team needs
LEADERSHIP
Leadership Accesgible; reflects on suggestions; persistem;cpiate
assertiveness
DECISION MAKING/PROBLEM-SOLVING
Prompt identification o Uses all resources; analytical deci-making; reviews
problem problem elements with team

Response to unexpected ev:  Say relaxed and keeps calmed in unexpected ¢

Estimates and vocalizes ris considers risk in terms of ov

Risk assessment and team capabilities; estimates patient outcome




Table 3. Descriptive statistics of NT skills scooésll scenarios

Construct Score Minimum Score Maximum Score
(mean = SD)
Communicatio 3.3+ 0.€ 1.4 4.¢
Situation AwareneyVigilance 3.1+ 0.7 0.t 4.2
Cooperation/Team Ski 3.4+ 0.t 1.¢ 4.t
Leadershi 3.1+£0.€ 0.C 4.2
Decision Making/Proble-Solving 3.2+ 0.7 0.€ 4.4
Overal 3.2+ 0.€ 0.€ 4.8

Score of 0 represents problematic performance argr@sents model behavior.



Table 4. ICC results for each construct

3raters rater 1& 2
Construct cC ﬁg{,;emem cC fg\r/;emem
Communication 0.493 Moderate 0.348 Fair
Cooperation 0.529 Moderate 0.414 Moderate
Decision Making 0.548 Moderate 0.574 Moderate
Leadership 0.652 Substantial 0.691 Substantia
Situation Awareness ~ 0.601 Moderate 0.651 Substantial
Overall 0.539 Moderate 0.489 Moderate




Figure 1. Sample questions from clinical perforngaassessment tool

1. How appropriate was the supportive treatment theéestt selectel

2.How accurate was the student’s focuassessmer

3. How accurate was the student’s differential diagst

4. How appropriate was the definitive treatment theleht selecte«

5. Please rate the overall performance of the stugesed on the expectations his/he level).

| | |

| | |
0 50 100

Not appropriate/accurate Average Very appropriate/accurate
Unacceptable for level Outstanding for level




Figure 2. Smulation-based ACT S with patient manikin and participant that was used by NT skillsraters



Figure 3. Rdationship of overall NT skill score and clinica performance score

100
90
80
70
60
50
40
30
20
10

0 [ )
0 1 2 3 4 5 6
Overall NT Skill Score

Clinical Performance Score

Clinical Performance Score = 14.15 * Overall NT Score + 21.29
r2=0.178, p = 0.006



Highlights
» Developed an assessment tool of medical student non-technical skills (NTS)
»  Found correlation between simulated clinical performance and NTS scores

» Established fair to moderate intra-class correl ation of tool between raters



