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Studying Program Comprehension
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Brain Imaging: 
functional Near InfraRed Spectroscopy

Increased oxygenated 
hemoglobin indicates 

an increase in 
cognitive load

Measures 
oxygenated and 
deoxygenated 
hemoglobin  

+ Used in a wide variety of working memory research 

+ Minimally Invasive 

+ Allows replication of real working environments 
7



Eye TrackingBrain Imaging
Cognitive Load Specific identifiers 

in the Source code
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Research Focus

Can we accurately associate 
cognitive load to identifiers
using fNIRS and eye tracking 

devices?
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Comprehension Task

RQ1: Can developers’ cognitive load be accurately 
associated with identifiers’ terms using fNIRS and eye 

tracking devices?

Participants asked to read source code in 
foreign language or prose snippet

Carefully highlight areas of the code that 
were difficult or took a lot of time to 
understand
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Results

Cognitive load can be captured with a similarity 
of 78% compared to self-reported results
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Research Focus

Determine the
Structural vs. Lexical

Implications on Cognitive Load
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Bug Localization Task

RQ2: Do the different structural and lexical 
inconsistencies in the source code cause a 

measurable increase in developers’ cognitive load 
during program comprehension?
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Psychological Complexity of Source Code

Structural Features
Cyclomatic Complexity
LOC
Formatting

Lexical Features
Comments
Identifiers
Documentation
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Structural Features
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Lexical Features

• Introduce Linguistic Antipatterns to source code 
snippets

“Poor recurring practices that create 
inconsistencies between naming, documentation, 
and implementation of the software.” [1]

[1] Arnaoudova, Venera; Di Penta, Massimiliano; Antoniol, Giuliano Linguistic Antipatterns: What They are and How Developers 
Perceive Them Empirical Software Engineering (EMSE), 21 (1), pp. 104–158, 2015 17



Linguistic Antipatterns
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Ø A method signature and comment are opposite

Ø A get method that does not return



Control Snippet
Taken from open source projects Java

Lexical Treatment

Structural Treatment
Structural & Lexical 

Treatments

Bug Localization Task
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Lexical Treatment

Data points that contain high cognitive 
load in control snippets vs LA 
treatment.

Significant p-value (0.0009) with 
large effect size
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Lexical Treatment

Average normalized 
oxygenation per participant

Significant p-value 0.003 with 
large effect size
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Lexical Treatment: Conclusions 

Participants who encountered linguistic 
antipatterns had a higher percentage of 

fixations that indicated high cognitive 
load and their overall average 

oxygenation was higher. 
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Structural Treatment

Average normalized oxygenation per 
participant

p-value 0.14 with medium effect size
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Lexical & Structural Treatment

Average normalized oxygenation per 
participant

p-value 0.48 with small effect size
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Structural & Lexical Treatment: 
Conclusions 

Participants found structural snippets 
frustrating and difficult to read but this did 
not cause a significant increase in average 
oxy.

The treatment containing both structural and 
LAs mislead more than 60% of participants 
and they could not successfully complete the 
task. 
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Overall Conclusions

1. Using fNIRS and eye tracking we can measure 
cognitive load at a fine grained level.

2. Linguistic antipatterns significantly increase 
cognitive load of developers during comprehension 
tasks

3. Structural inconsistencies may cause frustration to 
the participants but there is no significant increase 
in their cognitive load as compared to control 
treatments.  
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