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Medical Imaging for Software
Engineering

• Objectively understanding the subjective cognitive
processes of software engineering is important

• Self-reporting
• Pedagogy
• Technology transfer
• Programming expertise

• Medical imaging is quite rare in SE

• Only 9 papers at main conferences in SE starting
from 2014
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High-level Question

• How do human brains represent data structures? Is it
more like text or more like 3D objects?
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Spatial Ability: Mental Rotations

• The determination of spatial relationships between
objects and the mental manipulation of spatially
presented information

• Measured by mental rotation tasks: 3D objects
• Related to success in STEM
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Another Glance: Medical Imaging
in Software Engineering
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fMRI vs. fNIRS

• Functional Magnetic Resonance Imaging
• Functional Near-InfraRed Spectroscopy
• Measure brain activities by calculating the

blood-oxygen level dependent (BOLD) signal
• Your brain needs energy but does not store it
• We can track where oxygen is consumed
• Contrasts-based experiments
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fMRI vs. fNIRS

• Functional Magnetic Resonance Imaging
• Magnets
• Strong penetration power
• Lying down in a magnetic tube: cannot

move

• Functional Near-InfraRed Spectroscopy
• Light
• Weak penetration power
• Wearing a specially-designed cap:

more freedom of movement

9/20



Outline

1. Medical imaging in software engineering and motivation
2. fMRI vs. fNIRS
3. Experimental Design
4. Results
5. fMRI vs. fNIRS for Software Engineering
6. Conclusion
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Experimental Design: 2 Tasks

• Data Structure manipulations
• List/Array operations
• Tree operations

• Mental rotations: 3D objects
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Experiment Setup and Data

• 76 Participants: 70 valid *
• fMRI: 30
• fNIRS: 40
• Two hours for each participant: 90 stimuli

• Big human study!

*De-identified data is public: https://web.eecs.umich.edu/~weimerw/fmri.html
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Data Analysis: Be Careful!

• Dead fish is thinking?!
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Results: Data Structure
Manipulation and Spatial Ability

• Yes: data structure manipulations involve spatial
ability

• fMRI: more similarities than differences (p < 0.001)
• fNIRS: activation in the same brain regions

(p < 0.01)

List/Array vs. Mental Rotation Mental Rotation vs. Tree
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Results: The Role of Task Difficulty
• The brain works even harder for more difficult data

structure tasks
• Difficulty measurement

• Mental rotations: angle of rotation
• Data structures: size
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Results: The Role of Task Difficulty

• The brain works even harder for more difficult data
structure tasks

• Difficulty measurement
• Mental rotations: angle of rotation
• Data structures: size

• fMRI: the rate of extra work in your brain is higher
for data structure tasks than it is for mental
rotation tasks

• fNIRS: no significant findings for the effect of task
difficulty
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Results: How Do Self-reporting
and Neuroimaging Compare?

• Self-reporting may not be reliable
• Medical imaging found mental rotation and data

structure tasks are very similar
• 70% of human participants believe there is no

connection!
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Implications: fMRI vs. fNIRS for
Software Engineering

fMRI fNIRS
Time ~2 hours ~2 hours
Penetration Power Strong Moderate
Cost > $20,000 for 36 ~$2000 for 40
Environment Restricted Free
Task Accuracy Lower (85%, p < 0.01) Higher (92%, p < 0.01)
Effort Light Heavy
Recruitment Easy Moderate (hair)
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Conclusion

• Large human study: data from 70 participants *

• Data structure manipulations and mental rotations
use the same brain regions

• Task difficulty matters for data structures
• Medical imaging can discover more than

self-reporting
• This work may inform:

• Pedagogy and training
• Technology transfer
• Programming expertise

*De-identified data is public: https://web.eecs.umich.edu/~weimerw/fmri.html
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Bonus Slides
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fMRI vs. fNIRS

• Functional Magnetic Resonance Imaging
• Oxygenated and deoxygenated

hemoglobin have different magnetic
properties that can be detected

• Lying down in a magnetic tube

• Functional Near-InfraRed Spectroscopy
• Absorption of chromophores (groups of

atoms that generate color through the ab-
sorption of light) are different between oxy-
genated and deoxygenated hemoglobin

• Wearing a specially-designed cap con-
necting light emitters and detectors
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Data Analysis

• fMRI and fNIRS use the same high-level analysis approach
• Preprocessing

• Correct systematic sources of noise: VDM for fMRI,
autoregressive-whitened robust regression for fNIRS

• First-level analysis
• fMRI and fNIRS: GLMs per participant

• Within individuals

• Contrasts and group-level analysis
• False discovery rate (FDR) threshold
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Experiment Setup and Data

• 76 Participants: 70 valid
• Experiment design

1. Set up: background survey, watch a training video
2. 3 blocks of tasks: 30 stimuli in each block, 2–10 seconds of rest

between stimuli
3. Post-survey: how do you compare these tasks?
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