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ABSTRACT
Abstract: Python Programming Learning Assistant System (PY-
PLAS) has been developed to support python programming ed-
ucations. Currently, PYPLAS provided the element fill-in-blank
problem to improve the student programming skill. Students stud-
ied python error types and debugging technique in python code.
In this paper, error debugging problem in PYPLAS is proposed so
that students can study the types of python errors. Error debugging
problem is generated by using error debugging method to replace
incorrect element into correct ones. For evaluations, the 100 error
debugging problems are generated to analysis the correctness of
error debugging method according to python grammar. We gener-
ated 10 problems and asked 5 students in two universities to solve
them. Eventually, the educational effects in python programming
learning are verified by generating error debugging problems to
assign the students in python programming course.

CCS CONCEPTS
• Theory of computation → Theory and algorithms for applica-
tion domains; • Information systems→WorldWideWeb; • Soft-
ware and its engineering→ Software creation and management;
• Computing methodologies → Artificial intelligence; • Addi-
tional Keywords and Phrases: fill-in-blank problem, blank
element selection algorithm, error debugging problem, er-
ror debugging method, python programming educations;
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1 INTRODUCTION
Python programming has been educated in training centers, col-
leges and universities. Python programming is a general purpose
programming language that is highly used in the current times
[1]. Web-based (PYPLAS) Python Programming Learning Assistant
System has been developed to improve Python Programming edu-
cations. PYPLAS has provided the element fill-in-blank problem to
improve the student programming skill. Blank element selection
algorithm is used to generate fill-in-blank problem. The element
fill-in-blank problem asked the students about python grammar
types. The blank element represents python basic grammatical ele-
ments such as a reserved word, an identifier, a control symbol, an
operator in conditional expressions, and a library name [2].

In universities, teachers teach students to know the python error
types. Three type of python error types are syntax errors, logical
errors and run time errors. Debugging is the process of finding
and fixing the errors in a program. Students learned debugging
techniques to find and fix the errors in their program to improve
their programming skill [2–4]. Error debugging problem for python
code has generated to know the python error types and to improve
the student’s programming skill.

In this paper, the error debugging problem for python code is pro-
posed to analysis the student’s grammar skill. The error debugging
problem is generated by using error debugging method to replace
the selected elements into incorrect elements in python code. The
error debugging method is generated error words in python code
according to python error types such as syntax errors and logical
errors. According to syntax errors, this method tested the elements
such as reserved word, operator word, control word and variable
word to replace the error words. According to logical error, this
method tested the elements operator and variable word to replace
the suitable error words. In PYPLAS, the error debugging problem
is given to the students to test the student’s debugging skill.

For analysis the correctness of error debugging method, the 100
error debugging problems have generated to replace the selected
elements into incorrect elements in source codes according to syn-
tax errors and logical errors. For evaluations, the five students in
two universities solve the 10 problems. The average correct rate is
82% of all problems and the standard deviation is 6.099 of all prob-
lems. The rest of this paper arranged such as firstly we describe
the review of blank element selection algorithm. Then, we present
error debugging problem functions in PYPLAS. Then, we present
the error debugging method for python code. Then, we present the
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correctness and the evaluation results of each student. Finally, we
conclude this paper with some future works.

2 REVIEW OF BLANK ELEMENT SELECTION
ALGORITHM

In this section, the blank element selection algorithm in PYPLAS
for python code is reviewed [2, 5, 6, 8].

2.1 Vertex generation for constraint graph
Each vertex describes a candidate element to be blank in python
code by using the constraint graph. The vertices generated from
python code by using LR-parser [5, 6].

2.2 Edge generation for constraint graph
Each edge is generated the connection between two vertices in
python code that should not be blanked at the same time. Three
categories of edge generation are group selection categories, pair
selection categories and prohibition category [7, 8].

2.2.1 Group selection category. The vertices related to each other
in python code are grouped together. Constraint graph is generated
the edge among them. Firstly, the vertex as the largest number of
incident edges in the constraint graph as is selected for each group.
Then, edges are generated between selected vertices. The other
remaining vertices cannot blank at the same time to satisfy the
unique answer. Four conditions described in this category.

1. Identifier group: The same identifiers of variable, class name,
method name grouped so that they cannot be blank at the
same time for the unique answer.

2. Reserved word group: The reserved words in pairs grouped
so that they cannot be blank at the same time.

3. Data types group: The data types for variables in one equa-
tion grouped together so that they cannot be blank at the
same time for the unique answer.

4. Operator group: The three or more relational operators such
as <, >, <=, >=,==,= in the condition at expression are
grouped together [6, 8].

2.2.2 Pair selection category. The pair is generated the two vertices
connecting to each other in python code. For each pair, an edge
extracted between the paired elements so that at least one element
is not select for blank. Four conditions described in this category.

1. Continuous element pair: The continuous elements in each
statement of python code paired. By pairing the continu-
ous elements, at least one non-blanked element describes
between two blanked elements. The parameter BG can in-
crease or decrease the number of non-blanked elements in
each statement of python code. The parameter CB can in-
crease or decrease the number of non-blanked elements in
each statement of python code.

2. Variable pair: In each equation of the python code, the two
variable elements paired to select one blank element at the
same time.

3. Reserved words pair: The elements representing any pair of
reserved words in python code paired so that at least one
element is not blank at the same time.

4. Control symbol pair: The elements representing two related
control symbols paired such as “[”, “]” (square bracket), “(”,
“)” (bracket), “{”, “}” (curly bracket) and then “:” (full column),
“.” (Dot), “,” (comma) are also paired in a code [7, 9].

2.2.3 Prohibition category. An element prohibited to be blank so
that it does not satisfy the uniqueness. There are three conditions
in this category.

1. Constant: The constant element prohibited to be blank in the
python code. If it is blanked, the student cannot be answered
the correct one.

2. Single identifier: The element representing one identifier in
python code prohibited to select the blank. If it is blanked,
the student cannot be answered the original identifier.

3. Arithmetic operator: The element representing an arithmetic
operator such as “=”, “+”, “*”, “%”, “/”, “-” and logical operator
such as “&”, “|”, “∧”, “!” is prohibited to select blank element
in python code [2, 10].

2.3 Compatibility graph generation
The compatibility graph has generated by taking the complement
of the constraint graph to represent the pairs of elements that can
be blank simultaneously. According to python grammar, the inverse
graph is generated to define the true of link vertex can be selected
as blank element in python code [8, 11].

2.4 Maximal clique extraction of compatibility
graph

By using the simple greedy algorithm, the maximal clique of com-
patibility graph extracted to find the maximal number of blank
elements in python code. A clique of a graph represents its sub
graph where any pair of two vertices connected by an edge [9, 10].
The steps of algorithm represented as follows:

1. It calculates the degree every vertex in the compatibility
graph.

2. It selects one vertex among the vertices whose is a maximum
degree.

3. If two or more vertices have the same maximum degree,
select one randomly. If the selected vertex is a control symbol
and the number of selected control symbols exceeds 1/3 of
the total number of selected vertices, remove this vertex
from the compatibility graph and go to (5).

4. It adds the selected vertex for blank, and removes it as well
as its non-adjacent vertices from the compatibility graph.

5. If the compatibility graph becomes null, terminate the pro-
cedure.

6. The continuous blank number CB represented to control the
number of continuous blank elements. The maximal number
of CB elements is equal to the number of continuous blank
elements in a statement of python code [12, 13].

2.5 Fill-in-blank problem generation in python
code

In the maximal clique, procedure generated to sustain the total
number of blank control symbols, because a python code usually
has many control symbols. Then, the ratio of the average number of
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Figure 1: Flow diagram of error debugging problem genera-
tion

blanks for control symbols and other symbols defined as 1/3 by the
algorithm. This appropriate ratio selected to generate the feasible
fill-in-blank problems for novice students [2, 8].

3 ERROR DEBUGGING PROBLEM IN PYPLAS
In this section, Error debugging problem described in python pro-
gramming learning assistant system (PYPLAS).

3.1 Error Debugging Problem Generation
In error debugging problem in PYPLAS, elements selected by the
blank element selection algorithm in python code and replaced
into incorrect elements by the error debugging method. The error
debugging method changed the selected elements in python code
into incorrect elements according to syntax errors and logical errors.
In PYPLAS, the error debugging problems asked the students to
find the error elements in python code and to answer the correct
elements in the code. The correctness of each answer code has
analyzed by comparing it with the correct answers according to
string matching techniques. In PYPLAS, student can answer the
error debugging problems and analyze their result of each problem
by calculation average correct rate. In PYPLAS, the error debugging
problems generated the following steps in figure 1.

4 ERROR DEBUGGING METHOD
In this section, the error debugging method extends the blank ele-
ment selection algorithm of the python code is presented.

4.1 Features of Error debugging method
An error debugging method extends the blank element selection al-
gorithm to replace the selected elements with incorrect elements in
python code such as syntax and logical error grammatically. Firstly,
the selected elements of each group or pair by using constraint
graph are replaced with incorrect elements in python code accord-
ing to python grammatically or logical errors. In error debugging
method, at least one original element remained and others replaced
with the incorrect elements from each group or each pair. Besides,
the prohibited elements do not replace with incorrect elements in
python code to answer the student difficulty. The error debugging
method generated to obtain incorrect elements in python code ac-
cording to syntax errors and logical errors in python grammatically.

• Syntax errors : syntax errors are created to test variable, iden-
tifier, reserved words and control words by the followings:

• The same variables selected to obtain grouped together,
where at least one variable name remained and others se-
lected. The multiple dictionary (enchant) is used to obtain
the list of similar variable names by matching with selected
variable names. The suitable incorrect variable names chose
from the list of similar variable names by using the fuzzy
method.

• The same identifier (class name or method name) selected to
obtain grouped together, where at least one variable name is
remained and others selected. The selected variable names
are matched with multiple dictionary (enchant) to obtain the
list of similar variable names. The suitable incorrect variable
names chose from the list of similar variable names by using
random and fuzzy method.

• The pairs of reserved words such as “if-elif-else”, “try-except-
finally”, “from-import” and “while-else” selected to obtain
grouped or paired together, where at least one reserved
word is remained and others replaced with suitable reserved
words.

• The reserved words such as “class”, “def”, “break”, “return”
and “pass” replaced with suitable reserved words to obtain
error elements. For example, “return” replaced with “pass”.

• The pairs of control symbols such as “{,}” (curly bracket), “(,)”
(bracket) and “[,]” (square bracket) are paired, where at least
one control symbol is remained and others are placed with
suitable control symbols.

• The same variables such as list name, array name, dictionary
name and tuple name are group together and others replaced
with suitable variables by using fuzzy method.

• The same library names selected to obtain grouped together,
where at least one element is remained and others replaced
with suitable library names.

• The name of a library function replaced with the same name
where only the upper/lower case reversed.

• Logical errors: logical errors are created to test the operators
in python code such as arithmetic operators, assignment
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operators, comparison operators and logical operators by
the followings:

• Arithmetic operators such as “*, +, -, /, **, //, %” are replaced
with suitable operators to obtain error words. For example,
“*” operator is replaced with “/” operator.

• Assignment operators such as -=, +=, *=, /= are replaced
with different such operators to obtain error words. For ex-
ample, “-=” operator is replaced with “+=” operator.

• Comparison operators such as >=, <=, >, <, “! =” and == are
replaced with suitable such operators to obtain error words.
For example, “>=” operator is replaced with “<=” operator.

• The logical operators such as and, or, not, are replaced with
suitable such operators to obtain error words. For example,
‘or’ operator replaced with ‘and’ operator.

• In the conditional expression, the relational operators se-
lected to obtain grouped together, where at least one opera-
tor is remained and others replaced with different operators.

Method 1: Error Debugging Method
INPUT: read word (word)
OUTPUT: error_word
Variable: String reserved_word, operator_word, control_word,
variable_word
Set debuggingmethod(word)
reserved_word=changereservedword(word)
if reserved_word==word then
operator_word=changeoperatorword(word)

if operator_word==word then
control_word=changecontrolword(word)
if control_word==word then

variable_word=changevariableword(word)
error_word=variable_word

else
error_word=control_word

else
error_word=operator_word

else
error_word=reserved_word

endif
return error_word

4.2 Example of Constraint Graph
Figure 2 illustrates the constraint graph for python code of “Ran-
domNum” class. Firstly, the elements paired together by pair selec-
tion category, where at least one element is remained and others
are replaced with suitable incorrect elements. Then, the elements
grouped together by grouped selection category, where at least one
element is remained and others replaced with suitable incorrect
elements.

In figure 2, the dotted line shows the elements grouped together
and the straight line shows the elements paired together by the
group selection category or pair selection category. In figure 2,
there are three identifier groups such as “method”, “random” and
“RandomNum”, two variable groups such as “n”, “sum” and two
control groups such as “(,)” and “:”. In figure 2, there are eight pairs

are continuous pair in graph. For example, “import” and “random”
is continuous pair in graph.

4.2.1 Selecting python code for RandomNum. In this paper, we
select the python code of “RandomNum” class.
1: import random
2: class RandomNum:
3: def method(self,n):
4: sum$=$o
5: for i in range(n):
6: sum+$=$random.randrange(1,100)
7: print(sum)
8: obj$=$RandomNum()
9: obj.method(10)

5 EVALUATION
In this section, the evaluation of error debugging problems in
python code described.

5.1 Generated error elements in problem code
Error debugging problem code of “RandomNum” class shows the
number of lines (LOC) is nine lines in the code. There are 20 ele-
ments in the code and 7 incorrect elements in the code according
to CB=1 and BG=1. In python code for “RandomNum” class, “im-
port” of line 1 in the “import random” pair replaced with “Import”
incorrect reserved element. In the “class Random” pair, the “class”
of line 2 replaced with “Class” incorrect reserved element. In the
“def method” pair of line 3, the “def” replaced with “Def” incorrect
reserved element. In “for i in range” pair, the “range” in line 5 re-
placed with “rance” incorrect identifier element. The group of “:” in
line 2, 3 and 5, the “:’ in line 5 is replaced with “;” incorrect control
element.

5.1.1 Generating error debugging problem code for RandomNum.
In this paper, we describe the error debugging problem code for
“RandomNum” class.
1: Import random
2: Class RandomNum:
3: Def method {self,n} :
4: sum$=$0
5: for i in rance (n) ;
6: sum+$=$random.randrange(1,100)
7: print(sum)
8: obj$=$RandomNum()
9: obj.method(10)

5.2 Evaluation of error elements in problems
code

In table 1, the 100 error debugging problems generate to calculate
the evaluation of error elements in each code. The blank element
selection algorithm used BG=1 (blank gap number) and CB=1 (Con-
tinuous blank number) is default and error debugging method is
used to generate the incorrect elements in code. In error debugging
method, the error elements automatically generated in each code
depending on reserved words, operator words, control words and
variable words.
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Figure 2: Constraint graph for RandomNum

Table 1: Generated error elements in 100 code for evaluation

No Category #of
generated
Problems

Total # of
elements

Total # of
replaced
elements

#of reserved
words

#of
operator
words

#of
Control
words

#of
variable
words

1 Operator 10 236 40 6 3 2 29
2 String 10 583 83 24 1 25 33
3 Decision 10 827 150 39 2 57 52
4 Dictionary 10 746 124 37 0 62 25
5 list 10 802 123 26 0 70 30
6 Math,

date time
10 676 102 30 0 40 32

7 Class and
object

10 597 88 21 1 34 32

8 File 10 610 90 21 0 36 33
9 Try, catch

and exception
10 675 107 29 0 43 33

10 Tuple, function 10 677 110 22 0 56 28
Total # of 100 problems 100 6429 1017 255 7 425 327
Average # of replaced elements 15.82% 4% 0.1% 6.6% 5.1%

The average number of replaced elements in 100 problems code
is 15.82%. The average number of reserved words is 4% to generate
incorrect words. The average number of operator words is 0.1%, the
average number of control words is 6.6% and the average number
of variable words is 5.1%. The rate of replaced elements in operator
words is less than other words because the problem code used
operator words are less than other words. The rate of replaced
elements in control words is more than other words.

5.3 Evaluation of solution performance of
students

In COVID 19, the students are currently studying the python pro-
gramming from online training. We asked 5 students to answer the
10 problems. In table 2, the average correct rate of 5 students is 82%.
The standard deviation of 5 student’s correct answer elements is
6.099.

Student S1 has 96% highest correct rates. Student S3 has 74%
correct rate and has 126 submissions. Students S2, S3 and S4 have
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Table 2: Solution performance of each student

ID Total # of replaced elements Total # of correct answer
elements

# of submissions Correct rate (%)

S1 72 69 13 96%
S2 72 57 147 79%
S3 72 53 126 74%
S4 72 56 167 78%
S5 72 59 98 82%
Average correct rate 82%
Standard Deviation (SD) 6.099

less than 80% correct rates. Then, the S3 student has lower correct
rate than other students and the smaller number of submission than
S2 and S4. The S3 student must study the python programming.
Generally, the larger number of submissions contributes the higher
correct rate for S3 student. If the student has lowest correct rate, this
student must study the python programming and python grammar.

6 CONCLUSION
In this paper, we proposed the error debugging problems of python
programming learning assistant system. We generated the error
debugging problem by using error debugging method extended the
blank element selection algorithm. For evaluation, 100 problems
code generated to analysis the number of replaced elements in the
problem code. The replaced elements are definitely elements by
using python dictionary and fuzzy logic. Then, 10 problems assign
5 students to analysis the problem correctness and calculate the
student programming skill. In the future, we must ask the many
students and to analysis the answer of these students. Finally, we
must upload the 100 error debugging problems in PYPLAS system.
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