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items = [1, 2, 3, 4] items = [1, 2, 3, 4]
def cube(x):

1
2
3 _ = list(map(print,
4 return x * X * X

[x * x * x for x in

<« ditems]))

for number in items:
res = cube(number)
print(zres)
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1 ditems = [1, 2, 3, 4] 1 ditems = [1, 2, 3, 4]

2 2

3 _ = list(map(print, 3 def cube(x):

4 [x * x *x x for x in 4 return x * x * X

< items])) 5

6 for number in items:
7 res = cube(number)
8 print(zres)

This code is functionally equivalent, but the two samples are in different paradigms.
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How does paradigm impact reading behavior?
During paradigm classification?

During bug localization?



Paradigms

Classify according to Dyer and Chauhan (2022).}
Four line-level paradigms: Functional, Object-Oriented, Procedural, Imperative

Lines can be classified as belonging to multiple paradigms

A whole piece will have a predominant paradigm

Or be mixed, in one of three conditions:
o Top two paradigms present on 2/3 of lines
o Top two paradigms present on 1/2 of lines and within 20% of each other
o Most used paradigm accounts for <1/2 of lines, and second most-used within 10%

]'Robert Dyer and Jigyasa Chauhan (Nov. 2022). “An exploratory study on the predominant programming paradigms in Python code”.
In: Proceedings of the 30th ACM Joint European Software Engineering Conference and Symposium on the Foundations of Software
Engineering. New York, NY, USA: Association for Computing Machinery, pp. 684—-695. URL:
https://doi.org/10.1145/3540250.3549158
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Classification Example

1 class MyNumbers: # func oo
2 x =1 7 00

— imp
3
4 def m(self): 7* 00
5 def m3(): F/ 00
6 return 1 # 00 proc
7 y = m3() 7 00 proc . .
8 return vy # 00 e Predominant paradigm:
9 Object-Oriented
0 def iter__(self): # func oo Li . .

== == nes classif h m

. self.x = 1 A oo e Lines classified as other paradigms
2 return self # 00 present
I3
4 def __next__(self): # func oo
5 y = self.x # 00
6 self.x += 1 7 00
|7 return y 7# 00
8 4/21
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Related Work

e Yang, Milanova, and Hirzel (2022) studied language feature usage in Python:
Features overlap with paradigms, focus on features, not paradigms
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Related Work

e Yang, Milanova, and Hirzel (2022) studied language feature usage in Python:
Features overlap with paradigms, focus on features, not paradigms

e Alexandru et al. (2018) and Zhang et al. (2022) examined code idioms in Python
Focus not on specific language features, used static analysis to detect or transform
idiomatic code

e Costa et al. (2023) performed an eye-tracking study
Examined specific items that lead to confusion, operator precedence noted to
increase difficulty
Not specific to paradigms
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Research Questions

1. How accurately and efficiently do Python developers classify the predominant
paradigm?

2. How does predominant paradigms impact developers' reading when classifying for
predominant paradigm?

3. How does predominant paradigm affect a Python developer’s ability and efficiency
to debug logical errors in code?

4. How does predominant paradigm impact developers' reading when debugging
logical errors?
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Paradigm Classification Bug Localization
e Real-world Python e Cube, Largest number, Palindrome,

e Small, Medium, Large Factorial

e Prepared in Procedural, e Seeded logical bugs

Object-Oriented, Functional, Mixed e Prepared for all paradigms
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Analysis and Design

Metrics and Analysis

Task correctness (Cochran's Q,
McNemar's x?)

Confidence (Fisher's Exact)

Time to completion (ANOVA and
HSD)

Fixation and linearity metrics (ANOVA
& HSD)

Design
e Mixed-Groups design
e 31 Participants, 2 excluded

Eye Tracking

e Tobii TX300 at 60Hz, using iTrace
Eclipse

e Fixations computed with IDT (125 px
dispersion, 10 us duration)
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Classification Accuracy

Small Medium Large Overall

Functional 8/ 10 5/ 10 8/9 T7241%
Object-Oriented 9 / 10 7/9 9/10 86.21%
Procedural 6/ 10 5/ 10 4/9 51.72%
Overall 79.31% 58.62% 72.41%
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Classification Confusion

Functional Procedural
<25% 25-50% 51-75% >75% <25% 25-50% 51-75% >75%
Func. 3 4 5 17 8 9 3 9
(0]0) 13 9 7 0 8 9 8 4
Proc. 6 9 5 9 3 6 6 14
Mixed 10 10 5 4 7 6 3 13
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Fixation Counts in Code Classification

Paradigm Paradigm Tokens Non-Paradigm Tokens t df p p (adj)
Functional 19.07 9445 -6.78 3428 < .001 < .001
Mixed 30.72 87.66 -6.88 5597 < .001 < .001
Object-Oriented 40.55 75.76 -3.63 39.21 < .001 < .001
Procedural 23.29 93.90 -5.53 3296 < .001 < .001
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Gaze during Classification: Functional Small
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Gaze During Classification: Procedural Large
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Bug Localization Time
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Bug Localization Accuracy

Cube Factorial Largest Number Palindrome Overall

Functional 7/7 4/8 7/8 6/6 8276%
Mixed 5/6 4/7 4/8 6/8 65.52%
Object-Oriented 7/8 3/6 5/7 6/8 7241%
Procedural 8/8 6/8 6/6 7/7 93.10%
Overall 93.10%  58.62% 75.86% 86.21%
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Bug Localization: Functional Cube
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Bug Localization: Functional Factorial
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Linearity: Forward Motion

Functional
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Linearity: Forward Motion

Functional > Procedural
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Linearity: Forward Motion

Functional > Procedural > Mixed
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Linearity: Forward Motion

Functional > Procedural > Mixed > Object-Oriented
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Some Paradigms are Confidently, Easily Confused

Functional and Procedural are easily confused!
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Some Paradigms are Confidently, Easily Confused

Functional and Procedural are easily confused!

e Code does not need understood to be classified
e Familarity, and memorable keywords are a likely cause

e Others (Object-Oriented) have common structure which enables clearer
classification
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Paradigm Impacts Debugging

Functional took longer to debug and had more forward reading patterns.
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Paradigm Impacts Debugging

Functional took longer to debug and had more forward reading patterns.
e Functional code was linear

e Functional code in Python may have been unfamiliar to our population

e May require additional education to prepare programmers, particularly in Python
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Major Findings

1. Functional, Procedural confusing, = Some paradigms are easily
Classifications still confident confused

2. Different Paradigm - Different Patterns = Paradigm familiarity likely
(Classification) makes a difference in the

3. Paradigm influences debugging accuracy debugging accuracy

(Most accurate on Functional /Procedural)

4. Functional code = More Linear
(Debugging)

Scan for more information =



https://samuelwflint.com/papers/2026/an-exploratory-eye-tracking-study-on-how-developers-classify-and-debug-python-code-in-different-paradigms/
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