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Background

• Hemodynamic abnormalities 

→ morbidity/mortality

• In-flight significant events

• Force multiplier for instructors
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Introduction

• Hypothesis: Providing near real-time 
physiologic data of simulated patients 
during training will provide valuable 
training feedback for teams.

• Assess team performance during 
training scenarios, transitions of care, 
and quality improvement of curriculum 
and CPGs
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Aims & Objectives
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Summary of Research Methods

Composed 
the study 

team 

Acquired Zoll 
SDK for 
Android 

integration

Developed 
Android 

application 

Implemented 
data analysis 

algorithms 

Created 
automated 

medical 
report 

generation 
pipeline

Conducted 
validation 

simulations 
across 
multiple 
clinical 

scenarios

Performed 
iterative 

evaluations 
of data 

summaries

Assessed 
accuracy 

and 
effectiveness 
of algorithms 

Refined 
algorithms to 

improve 
accuracy 
and utility
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Data Management

• Data stored securely on Android device using local 

database

• Each session record captures info such as vital signs, 

data quality, session metadata

• Metadata: course, team, simulation, mannequin, 

clinical scenario

• Data is automatically standardized when saved

• Millisecond-precision timestamps on all readings

• Student names excluded to maintain deidentification

• Data exportable in CSV/Excel formats via Apache POI 

library
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Data Reliability

• Data collection runs continuously in background 

including when device is locked

• Each data point is labeled to indicate its quality 

(valid, invalid, or error) based on monitor's reported 

signal status

• The system automatically detects extended signal 

loss (>30 sec)

• Auto-reconnects without creating artificial or 

estimated data

• Unmonitored periods excluded from statistical 

calculations and displayed as distinct segments on 

non-compliance timelines
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Outcome Measures

Primary Metric: %TTR

VS %TTR = (Time in target / Vital monitoring duration) x 100

Per-vital duration approach accounts for parameters monitored at different times

Global %TTR = arithmetic mean of all VS %TTR values per patient

Equal weighting: all CPG thresholds equally important

Vital sign thresholds from JTS and AHA Clinical Practice Guidelines

9 clinical scenarios with scenario-specific thresholds

Invasive BP takes precedence over non-invasive when both available

CPP = MAP - ICP (derived for TBI scenarios)
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Outcome Measures

Secondary Metrics & Benchmarking

Non-compliance events detected chronologically

Categorized: Warning (2-5 min) and Critical (>5 min)

Historical cohort benchmarking across all prior simulations

Rolling statistics for all %TTR values

Hedges' g effect size with small-sample correction

g = ((Team TTR - Cohort Mean) / SD) x J

Percentile rank: non-parametric ranking within cohort

No normality assumption required for small samples (N = 10-12)
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Data & Statistical Methods in Medical Report

Report Generation Pipeline
- HTML-to-PDF pipeline rendered through 
Android WebView

- Python offline analysis script for cohort-level 
statistics

- Data source: filtered CSV export (232,759 
records, 62.1 hours)

%TTR Calculation Method
- VS %TTR = (Time in target / Vital 
monitoring duration) x 100

- Global %TTR = arithmetic mean of all VS 
%TTR (equal weighting)

- Non-compliance events detected 
chronologically; Warning (2-5 min) or 
Critical (>5 min)

Cohort Benchmarking
- Historical cohort: all teams across courses for 
same sim/mannequin

- Hedges' g effect size: g = ((Team TTR - Cohort 
Mean) / SD) x J

- Percentile rank: non-parametric ranking (no 
normality assumption)

- Cohort descriptive stats: N, Mean +/- SD, 
Median, IQR

Report Output Contents
- Patient name, scenario, CPG thresholds 
analyzed

- Global %TTR value and ranking (e.g., "3rd out of 
12 teams")

- Non-compliance timeline map: in-range, 
warning, critical, unmonitored

- Individual VS table: VS %TTR, percentile, 
Hedges' g, cohort stats

Medical 
Report
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Group Comparisons
• Kruskal-Wallis test for Global %TTR 

differences across simulations

• Pairwise Mann-Whitney U tests for post-

hoc comparisons

• Non-parametric tests (small sample 

sizes: n = 7-11)

• No assumptions about data distribution 

required

Provider Score Correlations
• Spearman rank correlations: Global %TTR 

vs provider scores

• Technical Skills (TS) and Non-Technical 
Skills (NTS) per role

• Roles: physician (MD), nurse (RN), 
respiratory therapist (RT)

• Computed within each simulation 
separately

• Avoids conflating observations across 
differing scenarios

• Spearman chosen over Pearson: small 
samples, ordinal NTS ratings

• Exploratory analysis; no correction for 
multiple comparisons

• Significance at alpha = 0.05

Statistical Analysis
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Results: Data Collection

• Default 1-second sampling rate for all 

sessions

• Val Sim 2 excluded (no continuous 

monitoring by design)
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Results (cont.)

Simulation n Mean SD Min Max Median IQR

Val Sim 1 10 87.5 4.0 82.8 93.4 87.2 83.7–90.7

Val Sim 3 10 85.0 6.1 72.1 91.4 86.3 83.1–89.1

Val Sim 4 11 92.0 2.5 87.8 95.7 91.9 90.0–93.8

Val Sim 5 7 79.2 6.6 70.0 90.7 78.2 75.8–82.1

Overall 38 86.6 6.4 70.0 95.7 88.3 82.9–91.4

Abbreviations: SD, standard deviation; IQR, interquartile range. Kruskal-Wallis H = 17.49, p = 0.001.

Global %TTR by Simulation
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Results (cont.)

Note: Values are mean (SD). TS = Technical Skills (0–1 scale); NTS = Non-Technical Skills (1–5 scale).

Provider Performance Scores by Simulation

Simulation MD TS MD NTS RN TS RN NTS RT TS RT NTS

Val Sim 1 0.88 (0.06) 3.21 (0.61) 0.89 (0.09) 3.20 (0.82) 0.87 (0.10) 3.34 (0.45)

Val Sim 3 0.88 (0.09) 3.30 (0.45) 0.88 (0.09) 3.59 (0.53) 0.90 (0.13) 3.37 (0.80)

Val Sim 4 0.95 (0.04) 3.47 (0.56) 0.97 (0.04) 4.03 (0.61) 0.95 (0.03) 3.77 (0.55)

Val Sim 5 0.85 (0.12) 3.06 (0.85) 0.89 (0.10) 3.46 (0.98) 0.87 (0.11) 3.26 (0.55)
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Results (cont.)

Spearman Correlations: Provider Scores and Global %TTR by Simulation

Predictor Val Sim 1 (n=10) Val Sim 3 (n=10) Val Sim 4 (n=11) Val Sim 5 (n=7)

MD TS 0.38 (.285) 0.62 (.058) −0.21 (.535) 0.79 (.036)*

MD NTS 0.72 (.018)* 0.70 (.024)* −0.16 (.649) 0.63 (.129)

RN TS 0.81 (.004)* 0.46 (.182) −0.02 (.956) 0.69 (.086)

RN NTS 0.65 (.040)* 0.70 (.024)* 0.06 (.852) 0.75 (.052)

RT TS −0.10 (.794) 0.25 (.493) −0.14 (.687) 0.50 (.248)

RT NTS −0.37 (.287) 0.29 (.424) 0.60 (.049)* 0.27 (.554)

Note: Values are ρ (p-value). TS = Technical Skills; NTS = Non-Technical Skills. *p < 0.05.
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Results (cont.)

Usability Assessment (SUS)

Initial SUS score: 57.3 (below 68 benchmark = 
marginal)

n = 15 grading cadre completed survey

Strengths:

• 73.3% intend to use frequently; 73.3% well-
integrated

• 66.7% agreed most people would learn quickly

• 60.0% found the application easy to use

• 60.0% disagreed they needed to learn a lot

• 53.3% disagreed they would need technical support

Concerns:

• 33.3% found it awkward to use

• 33.3% perceived unnecessary complexity

• Only 46.7% reported confidence in use

• Report interface refined based on this feedback
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Successes

• Created VS thresholds list to 
maintain for conditions that appear 
in simulations (JTS CPGs, EBM 
SOC)

• Creation and integration of 
feedback application (C-STARS 
APP) into the training at CCAT 
Advanced course

• End user (cadre) and student 
feedback on the tool and its 
effectiveness

In Progress

• Identify training gaps update 
curriculum

• Identify potential guideline 
aberrancies and provide input to 
JTS for CPG update considerations  
and adjust training curriculum
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Performance Report: Pre-SUS & Post-SUS Refinement
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Lessons Learned

Hardware

• ETCO2

• ICP

General Issues

• Simulation 
time

• CPG 
threshold 
differences

• CPG gaps

Positive 
Outcomes

• No network 
issues

• Seamless 
integration

• Quick tech 
issue 
resolution
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Next Steps
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Questions?
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