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Abstract. Programming pedagogy deals with methods and principles of teaching
and learning computer programming. Teaching nested loops in introductory
programming courses (IPCs) is a complex task because it represents the first
exposure of beginners to programming logic. To increase significantly students’
comprehension of loops, we introduce a pedagogical method of teaching nested
loops. The research was designed as experimental study with posttest experimental
and control groups model involving university students. While the experimental
group was subjected to the pedagogical method, the traditional method was applied
in the control group. To collect the research data, achievement posttest and a
questionnaire were developed and applied. The research findings showed clearly the
effectiveness of teaching loops by using the pedagogical method. Its advantage over
the traditional method was especially reflected at teaching multiple nested loops
because their explanation by using the pedagogical method significantly increased
the level of logical understanding of this operation which is difficult to comprehend
by beginners in programming.
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1. Introduction

Programming pedagogy is e very important research area in computer science.
It deals with the methods and principles of teaching and learning computer
programming, especially in the introductory programming courses (IPCs).
A variety of programming pedagogical approaches have been proposed to increase
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the efficiency of learning computer programming. Mostly, they focus on the tools,
paradigms, programming languages and environments used in IPCs (Chetty and
Barlow-Jones 2014; Meyer 2003; Porter and Simon 2013; Zingaro, Bailey Lee,
and Porter 2013; Hadjerrouit 2008). These approaches have had positive effects in
IPCs, but unfortunately they did not solve the problem. Introductory programming
remained complex and difficult for majority of students to learn.

Based on our experience in teaching IPCs in C, C++, Java, Pascal, Scheme,
Python, Visual Basic at several universities, explaining programming topics in
a step-by-step and understandable way is a very important factor in increasing
students’ success in IPCs. This way of teaching represents a solid basis for the other
student activities in the course: lab exercises, homework, programming projects,
solving problems using Online Judges etc. On the other hand, if the topic is
explained in less understandable way, it usually frustrates and demotivates students
for the required further activities.

To increase significantly the students’ success rates in IPCs, previously
mentioned approaches should be complemented with optimal pedagogical
explanation methods. How a programming topic is explained is crucial to the level
of students’ comprehension of the topic. Being an expert in programming doesn’t
make an instructor a good teacher by default.

Definition. Pedagogical explanation method is a well planned and structured
sequence of steps to present a programming topic in a concise, clear and
understandable way. Recursion, matrix programming operations, nested loops and
linked lists are some of the topics that students usually find difficult to understand
in [PCs. In this paper we have focused on explanation methods of teaching nested
loops (NL). They are usually easy to use for experienced programmers, but they
are usually difficult to learn and use by beginners in programming. The purpose of
the research was to investigate the effects of two different explanation methods on
students’ level of topic comprehension as a result of using a traditional explanation
(TE) method and a pedagogical explanation (PE) method.

2. Method

Research design

In this research, we have used an experimental study with posttest control
group model aimed at measuring the effects of two different explanation methods
on students’ level of topic comprehension. In accordance with this model, control
group (CG) and experimental group (EG) were created and experimental lectures
using two different explanation methods were conducted.

Research sample

Participants in the experiment were 60 students of Education Faculty attending
the Software in Education course, which focuses on programming in Python. Both
CG and EG were consisted of 30 students. The distribution of students in the groups
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was done based on their average grades, insuring that there was no significant
difference between the total average grades of students in both groups.

Research instrument and procedure

To collect the data of the study, an achievement test and a questionnaire were
developed. After that, we conducted experimental lectures using two different
explanation methods in the spring semester of the 2023-24 academic year. NL
were taught to students in CG by using a traditional explanation method, while our
pedagogical explanation method was used in EG. The survey process was finished
by conducting a posttest and a questionnaire to students of both groups.

Data Analysis

Students’ level of a programming topic comprehension can be measured in terms
of knowledge level and application level. The achievement posttest contained two
programming problems aimed at determining students’ knowledge and application
levels of NL, after the experimental lectures were conducted. In addition to the
test, we prepared an attitude questionnaire which contained two multiple-choice
questions aimed at collecting students’ opinions towards both explanation methods.
Students’ answers were measured using a five-point Likert scale.

The quantitative data from the achievement posttest was analyzed using the
programming language R. We wrote an R script to read students’ scores in R data
frames and analyze them. For analysis purposes we used independent variables ¢-
test and other tools of the language (built-in functions mean, sd, bar plot etc.). The
level of statistical significance was taken as 0.05.

3. Explanation methods of teaching NL

In this section, a traditional and a pedagogical explanation method of teaching
nested loops are described. We have chosen nested loop problem of average
difficulty.

Problem 1: Print a figure with K rectangles of M lines with N stars in each line.
Values of K, M and N are red from the standard input in a single line separated by
a space.

Input | Qutput Input | Output
3724 T 235 e b oo
oo o
*o ok
o
TTT o e
oo
ook o
LT

Figure 1. Input/Output samples of Problem 1
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3.1. Traditional explanation method
TE method of solving this problem writes and explains directly the solution.
K,M,N = map(int, input().split())
for k in range(K):
for i in range(M):
for j in range(N): print(‘*’,end=")
print()
print()

K rectangles are selected by changing variable & of the outer loop in the range
from 0 to K-1. M lines in each rectangle are selected by changing variable i of the
second loop in the range from 0 to M-1. N stars in each line of each rectangle are
printed by changing the variable j of the third loop from 0 to N-1. After printing
each line output goes to new line. Also, after printing each rectangle output goes to
new line. This explanation is quite difficult for beginners to understand.

3.2 Pedagogical explanation method

Step 1. Explain visually solution’s output containing the rectangles of stars pro-
duced for the given input values.

Input Output Explanation Input Output Explanation
324 | wwmmx Figure with K = 3 rectangles 2 3 5 | kEEmEE Figure with K = 2 rectangles
s of M =2 lines HEEEE of M = 3 lines
R EEK with N =4 stars in each line. with N =5 stars in each line.
PETTs REHEK
K
FETTS R EEK
TS

Figure 2. Visual explanation of Problem 1

Step 2. Subproblem. Draw a rectangle of M lines with N stars in each line. Write
the two inner nested loops to draw a rectangle, use concrete values for M and N
and visualize the output for those values. To make it more clear, counter of number
of lines starts with 1 and ends with M. Likewise, counter of number of stars starts
with 1 and ends with N.

M — number of lines, N — number of stars, line — counter of lines, i — counter of
stars

for line in range(1,M+1):

for 1 in range(1,N+1): print( ‘*’,end=")
print()
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Figure 3. Visual presentation of the subproblem

Step 3. Insert the previously defined two nested loops in an outer loop to draw
K rectangles of M lines with N stars each, use concrete values for K, M, N for
counters rectangle, line, i and visualize the program output for those values.

K — number of rectangles, M — number of lines, N — number of stars,

rectangle — counter of rectangles, line — counter of lines, i— counter of stars,

- Select a rectangle

for rectangle in range(l1,K+1):
for line in range(1,M+1):
for i in range(1,N+1): print{ '*',end=""') | — Printa rectangle of stars
print() |
print()

T Printan empty line

Figure 4. Visual presentation of the solution of Problem 1 using PE method

Algorithm:

1. Select a rectangle with 1 < rectangle <K

2. Draw a rectangle of M lines with N stars each.
3. Print an empty line.

4. Findings and results

4.1. Analysis of the Achievement Posttest Scores

To determine students’ knowledge and application levels of NL after the experi-
mental lectures were conducted, the achievement posttest contained two program-
ming problems. Solutions to each of the problems were weighted with maximum
50% of the total number of points in the test.

— Analysis of Scores of EG and CG in the Achievement Posttest Regarding
Students’ Knowledge Level of NL.

To determine students’ knowledge level of NL, the following problem was given
in the achievement posttest:

Problem 2: Print a triangle of stars with M lines.
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Input Output Input Output
3 # a *

EE EE

HAER HER

REREE

Figure 5. Input/Output samples of Problem 2

Students’ solutions were weighted with maximum 100 points. The obtained
findings are given in Table 1.

Table 1. Achievement Posttest Scores of EG and CG Regarding
Students’ Knowledge Level of NL

e N | Mean t (2
0.009
G %0 | 8250 |
' <0.05
G 30 | 6833 (p )

Table 1 shows a significant difference between the scores of the students of EG
and CG in the achievement posttest regarding students’ knowledge level of NL,
in favor of EG. The mean score of the students in EG (82.50) was 20.73% higher
than the mean score of the students in CG (68.33). The obtained t-value (2.27) was
larger than the critical value (2.001) and the p-value (0.009) was smaller than 0.05.

— Analysis of Scores of EG and CG in the Achievement Posttest Regarding
Students’ Application Level of NL.

To determine students’ application level of NL, the following problem was
given in the achievement posttest:

Problem 3: Print a figure of M triangles with N lines in each triangle. Values of
M and N are red from the standard input in a single line separated by a space.

Input | Qutput | Input | Output

23 * 2 4 *
L & L 8
xEE EEE
* RN
L §
kEE *

L3
L
LE e

Figure 6. Input/Output samples of Problem 3
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Students’ solutions were weighted with maximum 100 points. The obtained
findings are given in Table 2.

Table 2. Achievement Posttest Scores of EG and CG Regarding Students’

Application Level of NL
Group N | Mean t P
0.001
G 0| 783
’ <0.05,
G 30 | 60.00 (p )

Table 2 shows a significant difference between the scores of the students of EG
and CG in the achievement posttest regarding students’ knowledge level of NL, in
favor of the experimental group. The mean score of the students in EG (78.33) was
30.56% higher than the mean score of the students in CG (60.00). The obtained
t-value (2.87) was larger than the critical value (2.00) and the p-value (0.001) was
smaller than 0.05.

— Analysis of the Overall Scores of EG and CG in the Achievement Posttest.

To determine the overall success of the students in the achievement posttest,
we summed the points gained for the solutions to programming problems for each
student and computed the mean scores for both EG and CG. The obtained findings
are given in Table 3.

Table 3. Achievement Posttest Overall Scores of EG and CG

Group N | Mean t P
0.003
G 30 | 81.41 s
’ < 0.05
G 30 | 64.45 (p )

The mean overall score of students in EG (81.41) as 26.36% higher than the
mean overall score of the students in CG (64.45). The obtained t-value (2.67) was
larger than the critical value (2.03) and the p-value (0.003) was smaller than 0.05.

4.2. Attitude Questionnaire Results and Analysis

Based on the fact that the students in EG obtained significantly higher
scores than the students in CG in the achievement posttest, we wanted to
determine opinions of both EG and CG students towards both explanation
methods. In order to do that, it was necessary for the students in each group
to be familiar with the explanation method used in the other group. So, we
presented the TE method to students in EG and PE method to students in
CG. The following two questions were addressed to students in the attitude
questionnaire:
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Questionl. “Pedagogical explanation method of teaching NL is more efficient
compared to traditional explanation method in terms of students’ level of topic
comprehension”.

Question2. “Pedagogical explanation method of teaching NL is more
understandable to students compared to traditional explanation method”.

Students’ answers to both questions were measured using a common five-point
Likert scale (Strongly Disagree, Disagree, Neutral, Agree, Strongly Agree). The
obtained findings are given in Table 4.

Table 4. Questionnaire Results Regarding Students’ Attitude
towards PE and TE Methods

S-hnnghf Disagree | Neutral Agree Strongly
disagree agree
f % | % | f Yo f o f %

Question 1 (EG, CG/ N = 60)
0] 0 | 0] 0| 10]1667] 244000 26| 4333

Question 2 (EG, GG / N = 60)
0] 0 [0] 06 |1000]19]3167] 35| 5833

In response to the first question 43.33% of the students strongly agreed, 40%
agreed, 16.67% were neutral and none disagreed. In response to the second question
58.33% of the students strongly agreed, 31.67% agreed and only 10% were neutral
and none disagreed. Based on the answers to the first question, a total of 83.33% of
students found PE method more efficient than TE method, in terms of students’ level
of topic comprehension. The answers to the second question clearly showed that 90%
of the students found the PE method more understandable than TE method. None
of the 60 students found the TE method more efficient or understandable than PE
method.

5. Conclusion and discussion

Table 1 Showed than the mean score of the students in EG was 20.73% higher than
the mean score of the students in CG. This significant difference in favor of the EG
showed that the pedagogical explanation method of teaching NL was more efficient
than the traditional explanation method, in terms of students’ knowledge level of NL.
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Table 2 revealed than the mean score of the students in EG was even 30.56%
higher than the mean score of the students in CG. This significant difference in favor
of the EG showed that the pedagogical explanation method of teaching NL was
much more efficient than the traditional explanation method, in terms of students’
application level of NL.

Table 3 indicated that the mean overall score of the students in EG was 26.36%
higher the than mean overall score of the students in CG. This significant difference
in favor of the EG showed that our pedagogical explanation method was more
efficient than the traditional explanation method in terms of the overall students’
achievements in the posttest.

Students’ feedbacks on both explanation methods presented in Table 4, clearly
reflected that majority of students (86.67%) considered the pedagogical explanation
method of NL more efficient and understandable than the traditional explanation
method. None of the students found TE method more efficient or understandable
than PE method.

Finally, on a more general level, the results of this research suggested that
pedagogical explanation methods should be developed and used for other topics in
IPCs that students usually find difficult to understand, like recursion, linked lists,
matrix programming operations etc. Using these methods can be a very important
factor in significantly increasing students’ success in introductory programming
courses.
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