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Motivation: Program Comprehension
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Motivation: Program Comprehension

A Neuro-Cognitive Perspective of Program Comprehension

public void method_name() {

int array[] = {2, 19, 17};

int result = array[0]

for (int i : array)

if (array[i] > result)

result = array[i];

System.out.println(result);

}
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Motivation: Program Comprehension

A Neuro-Cognitive Perspective of Program Comprehension

Software Engineering

Programming Languages

Education & Training

public void method_name() {

int array[] = {2, 19, 17};

int result = array[0]

for (int i : array)

if (array[i] > result)

result = array[i];

System.out.println(result);

}
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Motivation: Past Research

Comprehension Task
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subjective view

A Neuro-Cognitive Perspective of Program Comprehension
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Motivation: Neuro-Cognitive Perspective

Comprehension Task

Measure
behavioral data

Observe 
subjective view

A Neuro-Cognitive Perspective of Program Comprehension

Measure
cognitive process
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Part I: Framework

?

functional magnetic resonance imaging (fMRI)
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fMRI Basics
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First fMRI Study

Δ

[Sie+14]

Program Comprehension            Rest                  Control Condition                    Rest 
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Program Comprehension            Rest                  Control Condition                    Rest 

First fMRI Study

BA6BA40BA21BA44BA47

[Sie+14]
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Framework: Limitations of fMRI
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Add Eye Tracking?           
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Framework: Eye Tracking in the fMRI Scanner

methodA() {
…

}
Projector

Eye Tracker

Mirror

fMRI Scanner

Plastic Screen

Participant

Eye tracking in the fMRI scanner is technically challenging!

[ESEM18]
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Framework: Toward Multi-Modality

Behavioral Data Physio Data Eye Tracking Brain Activation Subjective

?!

[EMIP18]



17Chemnitz ∙ 27 April 2022

Framework: Tool Support
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Part II: Cognitive Perspective
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Cognitive Perspective: Top-Down Comprehension

Bottom-Up Comprehension Top-Down Comprehension

?

[FSE17]
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Cognitive Perspective: Experiment Design

30s Task 30s Rest 30s Control …

Bottom-up
comprehension

Locate syntax errors

30s Task 30s Rest

Top-down 
comprehension 
(in 4 variations)

30s Rest

RQ1: Difference between top-down and bottom-up comprehension?

RQ2: How do beacons and layout affect top-down comprehension?

method_name(int[] array) {}

sort(int[] numbers) {}

[FSE17]
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Cognitive Perspective: Results (RQ1)

• Neural Efficiency
• Increased neural efficiency for top-

down comprehension

• Semantic Chunking
• Evidence for semantic chunking during 

bottom-up comprehension

[FSE17]
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Cognitive Perspective: Results (RQ2)

→ No significant differences?

[FSE17]



23Chemnitz ∙ 27 April 2022

Cognitive Perspective: Results (RQ2)

→ No significant differences?

[FSE17]
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Cognitive Perspective: Conclusion

Theory of Program Comprehension

!
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Part III: Applications

Framework

fMRI & Eye Tracking

Multi-Modality

Tool Support

Cognitive Perspective

Top-Down Comprehension

Reading Order

Novice & Experienced 
Programmers

Applications

Code Complexity Metrics

Role of Aggregation

Participant-Specific Brain 
Parcellation



26Chemnitz ∙ 27 April 2022

Size (LOC)

Vocabulary (Halstead)

Control Flow (McCabe)

Data Flow (DepDegree)

?!

Size (LOC)

Vocabulary (Halstead)

Control Flow (McCabe)

Data Flow (DepDegree)

Code Complexity Metrics: Motivation

[ICSE21]
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Code Complexity Metrics: Study Design
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Code Complexity Metrics: Modalities

Behavioral Data Physio Data Eye Tracking Brain Activation Subjective
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Code Complexity Metrics: Modalities
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Code Complexity Metrics: Results (1)

τ correlation Correctness Time

Size −.46 .22

Vocabulary −.45 .24 

Control Flow −.09 .06 

Data Flow −.41 .26

τ correlation BA 6 BA 21 BA 39 BA 44/45

Size .26 .43 .17 .15

Vocabulary .38 .32 .40 .17 

Control Flow .04 .09 .07 −.04 

Data Flow .32 .41 .36 .22

Behavioral Data Brain Activation

[ICSE21]
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Code Complexity Metrics: Results (2)

τ correlation Subjective

Size .16

Vocabulary .20 

Control Flow −.07 

Data Flow .16

?!

Subjective

[ICSE21]
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Code Complexity Metrics: But what about my metric…?

[ICSE21]
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Code Complexity Metrics: Conclusion

Size (LOC)

Vocabulary (Halstead)

Control Flow (McCabe)

Data Flow (DepDegree)

• Only to a limited degree

• No all-encompassing metric

• Individuality of programmers

→ Starting point for a more empirical-driven search of 
code complexity metrics

[ICSE21]
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Dissertation Conclusion

I have a question!


