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Generated Source Code

Developer

OSS Community

“Code Proficiency”

Importance of Code Proficiency

2

assess English 
Proficiency

assess Coding Proficiency
Ensuring developer understanding 

of the generated code

Facilitating the software 
development maintenance 

process

“Code Proficiency reflects an individual’s ability to understand and interpret 
code constructs.”
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A1

return, simpleif, forsimple, 
simpleList, printfunc

regex, 
generatorExpression,
dictComp, listComp

C1

we called it 
“code 

construct”

No standard Proficiency 
Level

Not trivial and highly 
debatable [2]

Uber 
Sequence

Clustering

Proposing the framework to 
determine Code Proficiency 

Levels

Previous 
research

This 
Research

Determining Code Proficiency is complex

3

A1

A2

B1

B2

C1

C2

nestedList, read, write, 
importfunc

while, simpleclass, 
inheritclass, recursivefunc

__name__, __class__, 
nestedDictwithList

zip, map, enumfunc, 
decaratorfunc

Textbooks

[1] Gregorio Robles, Raula Gaikovina Kula, Chaiyong Ragkhitwetsagul, Tattiya Sakulniwat, Kenichi Matsumoto, and Jesus M. Gonzalez-Barahona. 2022. pycefr: Python Competency Level through Code Analysis. In Proceedings of the 30th IEEE/ACM ICPC
[2] Rojpaisarnkit, R., Robles, G., Kula, R.G., Wang, D., Ragkhitwetsagul, C., Gonzalez-Barahona, J.M. and Matsumoto, K., 2024, October. Towards Identifying Code Proficiency Through the Analysis of Python Textbooks. In 2024 ICSME

pycefr Levels [1]
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Code Construct

read()
readline()
write()
writelines()

print() 
return() 
simpleassign
() ifelse

read(): \w+.*.read\(.*\) write(): \
w+.*.write\(.*\) simpleassign: \w+.*\
s*=\s*\w+.* ifelse: if\s+\w+.*:\n.*\
nelse:.*

Step 1: Detection Configuration

Textbooks

Step 1:  Gathering the list of Code 
Constructs

Step 2:  Developing the list of Regular 
Expressions
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 print, return, simplefor, 
...

import, print, return, 
...

bisub , biadd, print, return, 
...

biadd, print, 
ifelse, ...

simplefor, nestedfor, while, 
...

print, for, 
while, ...

Step 2: Ordering code constructs

Extracting sequence of the first appearance of Code Construct in 
each textbook 
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Step 3: Determining Code Proficiency Levels

Übersequence Community Clustering

bisub , biadd, print, 
return, ...

biadd, print, ifelse, 
...

 print, return, 
simplefor, ...

import, print, 
return, ...

print, simplefor, 
while, ...

bisub, biadd, print, return, import, ifelse, simplefor, 
while, ...

Uber 
Sequence

Book 
#1

Book 
#2

Book 
#3

Book 
#4

Book 
#5

*Avg. Position Across 
Textbooks

r
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writ
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boolO
r

lambd
a

bisu
b

retur
n

lis
t

simple
if

simplefun
c

Step 1:  Removing the outlier that exceeds the standard 
deviation 
Step 2:  Calculating the average position of each Code 
Construct across textbooks
Step 3: Sorting the average position of Code Construct

Node: Code Construct
Edge: Order in the sequence
Edge Weight: Position different (page#)
Algorithm:  Louvain community detection 
algorithm (100 times)
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How can textbooks be used to determine Proficiency level?
Explores how textbooks can serve as ground truth for deriving Code Proficiency levels.

Übersequence
provides a foundational sequence of 
code constructs for instructional purposes, 
assuming a progression from simpler to 
more complex topics.

bisub, bidivide, 
print, return

generatorExpression, 
subscript, 

descriptorDelete



An Application to Python (and II)
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Sequence with Community Clustering

Proficiency Levels
Groups 1 and 2 clearly match 
beginner levels (A1 and A2), 
while Groups 3, 4, 5 and 6) 
correspond to advanced levels 
(B and C), although more or 
less intermingled.

A1

A2

B-C



Limitations and Future Outlook
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L There is no clear assignment for higher levels.
Are there dialects?

F Another way of characterizing Python code.
Idea is transferrable to other programming languages. (To all?)

F Help in code understanding when using AI-assisted code generators?
Will we be able to transform code from one level to another one? (e.g., C1 → B1)
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