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Background: What is Polytrauma?

─ Comorbidities
▪ Post Traumatic Stress Disorder (PTSD)   
▪ Major Depressive Disorder (MDD)
▪ Generalised Anxiety Disorder (GAD)
▪ Chronic Pain 
▪ Postconcussive Syndrome (PCS)
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─ Diagnosis
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Need Statement

A way to improve data analysis and data storage for polytrauma 
researchers to facilitate multifaceted polytrauma research.
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Goals
Develop a web-based pipeline that allows for the 
simultaneous analysis of biosignals and psychiatric 
evaluations to facilitate multifaceted polytrauma 
research.
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Design Process: Needs

• Primary Stakeholders: Researchers using BATS
• Their Needs: 

─ Creative freedom to complete whatever analysis they choose
─ Have easy to read signal processing
─ Create biomarkers
─ Works with Matlab & Python code

• General Needs: 
─ Create multi-signal analysis for easy diagnosis & tools
─ Save biodata in an online easily accessible database
─ Process data with biosignal algorithms and statistical tools within the 

tool
─ Allow for saving and reprocessing of datasets
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Design Process: Algorithm Development
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Open 
Source

Easy 
Structure Visualisation

Noise 
Reduction Python Java Weighting

Open Source x 1 1 1 1 1 5

Easy Structure 0 x 1 1 0 0 2

Visualisation 0 0 x 0 0 0 0
Noise 
Reduction 0 0 1 x 0 0 1

Python 0 1 1 1 x 0 3

Java 0 1 1 1 1 x 4

Metric 
Selection

Market 
Research

Toolkit
Selection

Toolkit 
Implementation

Pairwise 
Comparison

Pugh 
Analysis Trim Down

Table 1: Pairwise Comparison Chart for Toolkit Development
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Design Process: System Development
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Prototype 1: Flow Diagram Prototype 2: Low Fidelity BATS Study Page
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BATS: Technology
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Backend Frontend
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BATS: Login & Registration
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https://docs.google.com/file/d/1vnH3gEYYY3-cpQ-lvmK5muPdMt2zw9jq/preview
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BATS: Final System
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BATS: Uploading New Data
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https://docs.google.com/file/d/1QH5jYLZxo7lSDoMGAeP-oRoVvCoD2HlJ/preview
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BATS: Available Analysis Tools
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BATS: Analysis Results
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https://docs.google.com/file/d/1yRq8E_QAbNWEbCXHL2sYcfvOG0fQE0pA/preview
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BATS: Final System (Continued)
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Graph CSV tTest

Analysis Results



Worcester Polytechnic InstituteBATS: Development of a Biosignal Analysis Toolkit and Pipeline for Polytrauma Research

BATS: Final System (Continued)

Prototype analysis toolkits
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BATS: User Home & Study Page
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Verification & Validation Testing 

User Stories: 

• Confirms system’s ability to 
complete various activities 

• Follows a hypothetical user 
via written narrative

• Tested: 
─ Account Creation
─ Data uploading
─ Analyzing data
─ Analysis viewing
─ Downloading data

User Study:

• IRB approved
• Think-aloud and interview
• Scenarios:

─ Scenario 1: 
▪ Account creation
▪ Study creation
▪ Upload data

─ Scenario 2: 
▪ Graph data

─ Scenario 3: 
▪ Analyse data with tool 
▪ Downloading

• Interviews between each scenario
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User Testing: Demographics
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Do you have experience in data analysis?

In what environment have gained your data analysis experience? Which of the following tools do you have experience with?
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General Overview of Results 
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User Metric Averages Prototype Group Final Group
Percentage 
Difference 

Total Time Taken 12.4 10.9 13.9%

Total Negative score 40.1 31.5 27.5%

Filled Silences per min 5.57 3.93 41.7%

User Score (1Bad-5Best) 3.67 4.27 14.2%
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User Testing Results: Usability Score vs TNS
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● Total Negative Score = 
time taken + 4(num questions 
asked)+ 10(num tasks failed)

● User score= user ranking of 
the system [1 , 5]

● r(9)=-0.511 p=0.0539 
● Users ranked the system low 

when they failed more
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User Testing Results: Filled Silences 

• Research shows that filled 
silences (um, ahh) correlate 
with higher mental load

• A positive correlation between 
Filled silenced per minute and 
Total Negative score would 
indicate successful use of these 
metrics

• With a correlation test result of 
r(8)=0.509 p=0.0663 
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Conclusion

• Functioning System Objectives
• User friendly (Improvements upon Prototypes)
• Interdisciplinary Learning
• Foundation for Future Works
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Learn more 

To view our bibliography, learn more about the system, and watch 
BATS in action, please scan the QR code.
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