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Abstract

In course design, topic outline organization encompasses the struc-
turing and sequencing of topics to be delivered in a learning environ-
ment. Recent studies in topic outline optimization revolve around
massive open online courses (MOOCs) due to their abundance but
not much has been studied on the traditional courses. This study in-
vestigates the organization of topic outlines in traditional introducto-
ry programming courses across Philippine higher education institu-
tions (HEIs) and evaluates the viability of the synthesized alternative
topic outlines. Course syllabi were collected from 16 HEIs. A topic
precedence graph (TPG) model that provides a structured overview
of the introductory programming was created via a semi-supervised
pairwise constrained k-means (PCK-Means) clustering to structure
the topics which produced 20 topic clusters with strong topic cohe-
sion within the clusters. The TPG showed that HEIs tend to start the
outline similarly, followed by core programming topics with varied
sequences, and divergent ways of ending the outline. Two anomaly
clusters were identified as having topic titles grouped that do not
seem to have a unifying topic. Limitations of the clustering algorithm
are identified where it cannot identify semantic meaning between
words which may affect its applicability in situations where topic
titles are named inconsistently. From the TPG, alternative optimal
and comprehensive topic outlines were synthesized via greedy and
DFS graph traversal algorithms. However, these alternative outlines
performed very poorly when compared with the evaluators’” (n=19)
arrangement of topic outlines due to some prerequisite topics being
discussed in the latter part already. Overall, this study introduces a
method to incorporate computer science technologies in structuring
topics across HEIs and aiding educators in topic outline design but
more research is needed before it can be implemented in a real class-
room setting.

Keywords: Alternative topic outlines; topic precedence graph;
pairwise constrained clustering; traditional course sequencing.
1
Kleb Dale G. Bayaras*

Department of Information Systems and Computer Science, Ateneo de

Manila University, Quezon City, Philippines

E-mail: kleb.bayaras@obf.ateneo.edu

*Corresponding author

To cite this article:

Bayaras, K. D. G. (2023). Structuring topics of Philippine universities’
introductory programming courses using semi-supervised pairwise-
constrained clustering to synthesize alternative course topic outlines. SDCA
Asia-Pacific Multidisciplinary Research Journal, 4(1), 27-35.

doi: 10.5281/zenod0.8031230
|

27

Introduction

The quality of education is a complex and challenging issue, but edu-
cators, researchers, and educational theorists agree that well-crafted
and well-designed courses are a significant factor in improving edu-
cation (Black et al., 2014; McNeil, 2014). Course design includes the
organization of course resources, instructional methodologies, course
schedule, structure, contents, topic organization, and the planning of
the whole course. A well-designed course has a positive impact on
students, motivating and satisfying them, and improving their learn-
ing outcomes (Almaiah & Alyoussef, 2019; Mtebe & Raisamo, 2014). It
also benefits teachers, reducing their stress and promoting flexibility,
confidence, and innovation (Kyriacou, 2019).

Course design is still a broad issue to address. This paper focuses on
the sub-problem of topic outline organization (also referred to as a
study plan or lesson plan organization) and investigates the topic
outline organization of traditional Introductory Programming cours-
es. Traditional courses, in this context, are educational courses offered
by Philippine HEIs that are approved by their respective department
or university heads and are delivered via face-to-face instruction or
distance learning to students who enrolled in the said course in a
scope of a semester. This is to differentiate traditional courses from
other educational courses like MOOCs or custom learning plans by
personal tutors.

In the context of the Philippines, Commission on Higher Education
(CHED) oversees higher education programs and institutions in the
Philippines, setting policies, standards, and guidelines for their crea-
tion. CHED Memorandum Order (CMO) No. 25, Series of 2015
(Commission on Higher Education, 2015) specifies the requirements
for Bachelor of Science in Computer Science (BSCS), Bachelor of Sci-
ence in Information Systems (BSIS), and Bachelor of Science in Infor-
mation Technology (BSIT) programs. The CMO outlines the compe-
tencies, number of units, and learning outcomes for the courses, but
leaves the creation and organization of topic outlines to the discretion
of the HEIs and educators. Educators have the academic freedom to
decide which topics to include in a course, as long as the course learn-
ing outcomes are achieved. It has also been shown that HEIs are also
more likely to see an increase in student engagement and learning
with well-designed and well-structured courses (Ekren, 2017) which
is a goal that HEIs always strive for.

This paper acknowledges that most of the literature about optimiza-
tion of topic sequences pertains to MOOCs and other online courses
but argues that while the context of online education warrants differ-
ent quality indicators compared to traditional ones due to people not
trusting the quality it offers for now (Ekren, 2017), in terms of course
content or topic organization, the optimization and evaluation meth-
ods can be adapted for traditional courses since its examination of
how the topics are organized is independent of the learning context.
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It draws from existing introductory programming courses' topic out-
lines from Philippine HEIs and considers similarity and precedence
relationships between topics and subtopics to generate a model that
shows the structure of the introductory programming knowledge
domain and used to synthesize new course topic outlines.

Statement of the Problem

Designing an introductory programming course topic outline in-
volves deciding which topics to include, grouping them based on
similarity and interdependencies, and determining the sequence of
topics to be taught based on prerequisite knowledge. This manual
process can be time-consuming and can lead to random topic se-
quences. Despite technology's integration into education, course de-
sign remains a mixture of manual labor and art (Agrawal et al., 2016;
Bain, 2020) that can lead to suboptimal outcomes. For example, some
topics may be discussed before students have the prerequisite
knowledge, which can increase their cognitive load and make the
course seem more difficult (Vuong et al., 2011).

To address these challenges, the paper proposes automating the topic
organization process by analyzing existing courses and identifying
patterns of topic similarity and precedence. By generating a directed
weighted graph model of the introductory programming knowledge
domain, the authors aim to provide a method that can be incorpo-
rated into systems for educators to optimize their course outlines and
improve student learning outcomes. The model can help in revealing
structures that are not readily apparent in introductory programming
courses across different HEIs by capturing similarities and variations
in their topic outlines. It is also useful for analyzing and generating
new topic outlines. Ultimately, the paper seeks to reduce the time and
resource-intensive process of course design and help educators create
well-structured and engaging courses for their students.

Research Questions

To address the problems stated above, this paper aims to answer the
following questions:

RQ1. How do we construct a topic precedence model based on the
topic outlines of traditional introductory programming courses?

RQ2. What do the topic outline structures of traditional introductory
programming courses look like?

RQ3. Are the synthesized course topic outlines viable as an actual
introductory programming course topic outline?

Scope and Limitations

This study focuses only on the organization of topic outlines in tradi-
tional introductory programming courses from Philippine HEIs. It
assumes that the existing topic outlines are of good quality and the
order of topics serves as the ground truth for the construction of the
graph. The model presented will synthesize alternative course topic
outlines by maximizing topic similarity and precedence relationships.
However, external factors like student performance analysis and ac-
tual implementation of the synthesized topic outlines in a classroom
setting are not included in this study.
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Methodology
Dataset

A total of 16 course syllabi were collected from existing introductory
programming courses of Philippine HEIs that were used in the school
year 2018-2019 onwards. Out of the 16 course syllabi, six (6) were
from private HEIs and 10 were from state universities and colleges.
This number of collected syllabi was similar to (Alsaad et al., 2021)
which gathered 10-21 courses to structure a robust and viable topic
transition map from MOOCs for Machine Learning, Structured Query
Language (SQL), and Python.

The study considered the course title, course description, and course
topic outline for the analysis. The course title and description were
used to verify if a course fits the criteria of an introductory program-
ming course, while the topic outline was used to extract topic titles
and sub-topics. Lecture transcripts were not available, so only the
topic titles and sub-topics were used. The extracted information was
encoded into a CSV file and used for preprocessing and clustering.

Topic Title Extraction and Vector Representation

The 129 extracted topic titles in the course syllabi were preprocessed
by manual lemmatization by transforming different inflections of a
word into a singular form (i.e., Algorithmic, Algorithms, Algorithmi-
cally into Algorithm) and removing stopwords. The preprocessed
titles were then tokenized to form a vocabulary consisting of 338
unique preprocessed words.

Prior to topic clustering, topic titles must first be represented in a
mathematical model to be used for calculations and quantifiable com-
parisons. Various approaches have been used for this but has shown
that clustering algorithms performed better with bag-of-words (BoW)
and term frequency-inverse document frequency (TF-IDF) sparse
vector representations compared to dense vector representations
(Alsaad & Alawini, 2020; Shen et al., 2015). In this study, the topic
titles were represented by a sparse normalized bag-of-words vectors
using the Scikit-learn library (Pedregosa et al., 2011).

Topic Title Clustering

Topic clustering was used to group similar topic titles into a single
cluster that represents a single topic or a set of closely related topics.
This was achieved by computing the cosine similarities of the topic
titles' vector representation and using the Pairwise-Constraint K-
Means (PCK-Means) clustering algorithm. The number of clusters
was determined by maximizing the silhouette coefficients of varying
similarity thresholds and it should be at least the length (in terms of
number of topic titles) of the shortest course topic outline and at most
1.5 times the length of the longest one.

Cosine similarity, a measure of similarity between two vectors, was
used to determine the similarity between topic titles. It was especially
useful in this case since the cosine similarity does not depend on the
magnitude or the length of the topic title. The PCK-Means constraints
— Must-Link and Cannot-Link tuples — were formed using the cosine
similarity to guide the clustering process.
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The PCK-Means clustering algorithm is a modified K-means algo-
rithm with added constraints (Basu et al., 2004). It considers the dis-
tance between points and the pairwise constraints to guide the clus-
tering process. PCK-Means was used instead of the regular K-means
since the aim was to cluster topics from different courses and avoid
topics within the same course being clustered together as was used in
Alsaad and Alawini (2020). A python implementation of the algo-
rithm by Babaki (2017) was used in this study.

The Must-Link constraint tells which topic pairs should be clustered
together, while the Cannot-Link constraint tells which topic pairs
should not be clustered together. The adjacent topic titles and topic
titles within the same course were under the Cannot-Link list by de-
fault to avoid clustering topic titles within just one course and find
topic titles with similar topics from different courses. However, there
may exist adjacent topic title tuples that surpass the similarity thresh-
old and should be in the Must-Link list. The set closure of the Must-
Link tuples was also removed from the Cannot-Link list. Topic titles
in neither list were treated as they were. The output of this step was
an empty graph with nodes as a clustering of topic titles with similar
topics but no edges yet.

Construction of Topic Precedence Graph (TPG)

The resulting topic title clusters from the PCK-means clustering of the
topic titles were considered as nodes and linked them with each other
by leveraging the original precedence order of the topics in their re-
spective original topic outlines as the directed edges. This method
captured the likelihood of the transition of topics and ensured that no
cluster remained unlinked. The researcher assumed that the existing
courses' topic outline’s precedence order maintained the prerequisite
relationships between them since they were crafted by experts in their
respective HEIs (Manrique et al., 2018). The utilization of the existing
courses’ precedence was also in line with the axioms of prerequisite
compliance and locality of reference (Agrawal et al., 2016) to reduce
students’” comprehension burden. For the edge weights, it was the
accumulated frequency of the links which was similarly used by Al-
saad et al. (2021). The output of this step was a Topic Precedence
Graph - a directed graph where nodes were connected, and the
edges' directions and weights were leveraged from the original prece-
dence graphs of the topic outlines.

Synthesis of Alternative Topic Outlines

The clustering of topic titles into nodes and linking them based on
their precedence relationships has resulted in a topic precedence
graph. The clusters themselves are a group of similar topic titles, and
can be considered as a single unit with a unified topic, forming a ba-
sis for a topic title when synthesizing a topic outline. The topic out-
line can be represented as an ordered set of nodes in a path, and trav-
ersing the graph based on a chosen algorithm results in an ordered
set of nodes and edges that form the synthesized topic outline. The
traversal algorithms used in this study are greedy algorithm and
depth-first search algorithm to synthesize optimal and all-topics alter-
native topic outlines, respectively.
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To synthesize an optimal alternative topic outline, a graph traversal
using a greedy algorithm was utilized. The root node will be chosen
based on the node cluster with the highest number of starting topic
titles, and the algorithm will pick the next unvisited node with the
heaviest edge weight which corresponds to the most connections
from the original topic outlines. In case of a tie, the next node will be
randomly chosen. The algorithm picks the next node based on the
edge with the highest weight, indicating the most likely topic to be
discussed next. The traversal stops when it reaches a node with no
more transitions.

To synthesize an all-topics alternative topic outline, a Depth-First
Search algorithm starting from the root node with the highest fre-
quency of starting topic titles was utilized. However, this traversal
only considers the existence and direction of edges in between nodes
and not their edge weights, and backtracks when it cannot find a tran-
sition to an unvisited node which may not produce the most optimal
topic sequence with respect to the accumulated frequency of prece-
dence. Nevertheless, it provides a comprehensive topic outline that
covers all topics in the model created, although it may not fit a tradi-
tional topic outline due to time and length limitations.

Evaluation Designs

Educators who taught introductory programming and undergraduate
students who recently completed an introductory programming
course were recruited to evaluate the quality of the topic title clusters
and synthesized alternative topic outlines. The evaluation aimed to
assess the topic cohesion of each cluster, the quality of topic sequenc-
ing of the synthesized alternative topic outlines, and to identify simi-
larities between the evaluators' own outlines and the synthesized
outlines. These questions were asked to the evaluators:

Q1: In each topic cluster produced by the PCK-Means algorithm,
identify the odd topics that you think should not be part of this topic
cluster. If you think all topics are related in a topic cluster, choose the
option “No Odd Topics.”

Q2: Given the same topic clusters, in which order would you present
these topics in an introductory programming course you believe is
the most optimal and respect the prerequisite relationship of the top-
ics?

Q3: For each topic outline shown, do you agree that the topic outline
is a viable and helpful topic outline for an introductory programming
course and can be used in a classroom setting? (1 = strongly disagree;
5 = strongly agree).

These evaluation questions were adapted from the studies of Agrawal
et al. (2016), Riidian and Pinkwart (2021), and Shen et al. (2015) that
similarly evaluated the quality of their automated models that also
produced topic clusters and topic cluster sequences.

Results and Analysis
Dataset Summary

Sixteen (16) introductory programming course syllabi from different
Philippine HEIs were collected, with varying count of topic titles.
Some syllabi contained as few as five (5) topic titles, while others had
as many as 17. The level of detail also varied, with some outlines hav-
ing only main topic titles while others had detailed subtopic lists.
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The level of detail also varied, with some outlines having only main
topic titles while others had detailed subtopic lists. Table 1 provides a
statistical summary of the topic titles in the syllabi, with the length of
an outline measured by the number of topic titles or clusters.

Table 1. Statistical summary of the collected introductory program-
ming syllabi

Category Number of Topic Titles
Minimum Length 5

Maximum Length 17

Mean Length 8.0625

Mode Length 6

Mode Count 6
Preprocessing Results

From the 16 collected course syllabi, 129 topic titles were extracted
and preprocessed. The preprocessing comprised two stages: stop-
words removal and manual lemmatization. There were 538 raw
unique words before preprocessing. After preprocessing, there were
338 unique words considered and utilized to create the sparse nor-
malized BoW vector representations of the topic titles. For topic out-
lines that contain sub-topics, these were merged with the main topic
title and are considered a single topic title for this study.

Topic Title Clustering

The final similarity threshold value used for clustering was 0.75 after
testing various values. Lower values caused disproportional cluster
sizes, while higher values created too many clusters. The best cluster
result was chosen by maximizing the Silhouette Coefficient clustering
measure for each value. The PCK-means clustering algorithm pro-
duced 20 topic title clusters. Due to space limitations, Table 2 only
shows the top three (3) words and the summarized topic title cluster
based on the top words per cluster. This also allowed easy classifica-
tion and ease of discussion for each cluster.

Topic Precedence Graph

The topic precedence graph (TPG) in Figure 1 was the resulting graph
after linking the topic title clusters with respect to their original prece-
dence graphs. The TPG visualized the similarities and variations of
topics based on the topic title clusters and topic order across different
HEIs. The letters in the nodes are topic title cluster letters shown in
Table 2.

Figure 1. Topic precedence graph

30

SDCA Asia-Pacific Multidisciplinary Research Journal

Table 2. Summarized topic title cluster titles based on the top three
(3) terms in their respective clusters

Cluster Top Words Summarized Topic Cluster Titles
A function, defined, user Functions
B structure, sequential, expres- ~ Sequential Control Structures
sion
array, dimensional, one Arrays
testing, debugging, tech- Testing, Debugging, & Optimiza-
niques tion Techniques
E structure, statement, if Control & Selection Structure
F programming, introduction,  Introduction to Programming &
language Programming Concepts
G pointers, function, definition = Pointers
operator, logical, assignment  Logical Operators & Assignment
Statement
I data, type, program Data Types, Identifiers, Keywords,
& Variables
J loop, while, iteration Loops & Iterative Constructs
K package, java, handling Java Applet & Error Handling
L input, function, output Input/Output & File Processing
M structure, repetition, control ~ Repetition Control Structures
N classes, object, storage Objects & Classes
O java, variable, package Java Variables & Packages
P tree, search, recurrence Search Tree & Recurrence Tree
Q recursion, case, recursive Recursion
R string, function, dimensional  Strings
S statement, if, else Conditional Statements & Con-
structs
T algorithm, flowchart, pseudo- Flowchart, Pseudocode, & Algo-

code

rithms

Structure of Traditional Introductory Programming Courses

This section analyzes the structure of traditional introductory pro-
gramming courses using the results of PCK-Means clustering algo-
rithm and the TPG. This also addresses the RQ2: “How do the topic
outline structures of traditional introductory programming courses look
like?”

To give an overview of the structure of the traditional introductory
programming courses and their characteristics across the Philippine
HEIs, the most common starting point was embodied by cluster F
“Introduction to Programming & Programming Concepts.” The middle
part tends to cover the core topics (clusters E, I, ], and S) and is similar
across the HEIs but were sequenced differently. On the other hand,
the end topic (clusters A, C, L, and Q) tends to be more diverse across
the different outlines, and this is where the sequence usually splits
and differs.
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Synthesized Alternative Topic Outlines

The TPG's edges represented cluster precedence and was used as
basis in the synthesis of topic outlines. The outlines were obtained by
examining a path of ordered nodes in the TPG, with the starting node
being the one with the most starting topic titles, which was cluster F
entitled “Introduction to Programming & Programming Concepts.”

The synthesized optimal and all-topics alternative outlines started
with cluster F and used the greedy and DFS graph traversal algo-
rithms respectively. Tables 3 and 4 show the resulting outlines with
their summarized titles.

Table 3. Synthesized optimal alternative topic outline with summa-
rized titles

Order Cluster Summarized Topic Cluster Titles

1 F Introduction to Programming & Programming Concepts
2 I Data Types, Identifiers, Keywords & Variables

3 S Conditional Statements & Constructs

4 J Loops & Iterative Constructs

5 C Arrays

6 A Functions

7 B Sequential Control Structures

8 M Repetition Control Structures

9 (@] Java Variables & Packages

10 K Java Applet & Error Handling

11 D Testing, Debugging, & Optimization Techniques

Table 4. Synthesized all-topics alternative topic outline with summa-
rized titles

Order Cluster Summarized Topic Cluster Titles

1 F Introduction to Programming & Programming Concepts
2 1 Data Types, Identifiers, Keywords & Variables
3 B Sequential Control Structures

4 O Java Variables & Packages

5 H Logical Operators & Assignment Statement

6 R Strings

7 L Input/Output & File Processing

8 E Control & Selection Structure

9 C Arrays

10 Q Recursion

11 G Pointers

12 N Objects & Classes

13 A Functions

14 P Search Tree & Recurrence Tree

15 K Java Applet & Error Handling

16 D Testing, Debugging, & Optimization Techniques
17 ] Loops & Iterative Constructs

18 S Conditional Statements & Constructs

19 M Repetition Control Structures

20 T Flowchart, Pseudocode, & Algorithms
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Viability of Topic Clusters and Synthesized Topic Outlines

This section discusses the evaluators' feedback on the viability of the
topic title clusters and synthesized outlines. Evaluators were asked
three questions via one-on-one guided online interviews. The ques-
tions evaluated cohesion, order quality, and viability of the outlines.
Their comments and inputs were also solicited during the interviews.
This analysis addresses RQ3: “Are the synthesized course topic outlines
viable as an actual introductory programming course topic outline?”

Evaluators’ Demographics

The study recruited 19 evaluators, including 12 educators with differ-
ent degrees (ranging from bachelor's to Ph.D.) and seven (7) freshmen
students who had completed their introductory programming course
in the previous semester. Table 5 shows the evaluators' demographic
data.

Table 5. Evaluators’ demographical data

Category Educators Students  All Evaluators
Count 12 7 19
Male 8 5 13
Female 4 2 6
HEI-Private 6 2 8
HEI-SUC 6 5 11

Evaluation for Topic Cohesion in Each Cluster

Evaluation question 1 evaluated topic cluster cohesion and the quality
of the PCK-Means Algorithm in clustering the topic title vectors.
Evaluators used Krippendorff’s alpha (a) to measure inter-rater
agreement (Krippendorff, 1970). Overall agreement was a = 0.394,
indicating imperfect but fair agreement. Educators had a = 0.394 and
students had a = 0.461, indicating fair and moderate agreement, re-
spectively.

To also identify evaluators who evaluated the topics either too harsh-
ly or too leniently, an analysis of variance (ANOVA) was performed
on the count of odd topics for each topic title cluster as rated by the
evaluators. As shown in Figure 2, the majority of the count of odd
topics per cluster does not differ significantly from all the evaluator’s
ratings. However, there are outliers for clusters G, N, P, and R. Re-
moving these outliers resulted in a slight increase of the overall agree-
ment a = 0.462 which indicates moderate agreement.

dd_topic_count

g i I

chuster

Figure 2. ANOVA results for evaluation question 1
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Table 6 summarizes the results of evaluation question 1. It shows the
number of to topic titles per cluster, minimum, maximum, and mean
of the number of odd topics identified by the evaluators. The percent-
age of mean odd topics is the mean divided by the number of topic
titles in the cluster. The weighted percent of mean odd topics was
derived by multiplying the percent of mean odd topics by the num-
ber of titles in the cluster and then dividing by the total topic titles
which was 129. The last column shows the count of odd topics with a
majority evaluators vote (n>=9).

Table 6. Summary results for evaluation Q1 (count of odd topics)

Cluster Num of Min Max Mean % Mean  Weighted Count of
Titles Odd % Mean  Odd Topic
Topics Odd Titles
Topics (n>=9)
A 13 0 4 1.32 10.15% 1.02% 2
6 0 3 1.21 20.17% 0.94% 1
C 8 0 0 0 0.00% 0.00% No Odd
Topics
D 4 0 1 0.32 8.00% 0.25% No Odd
Topics
E 9 0 4 1.42 15.78% 1.10% 1
F 10 0 4 1.42 14.20% 1.10% 1
G 3 0 1 0.11 3.67% 0.09% No Odd
Topics
H 7 0 3 1.58 22.57% 1.22% 1
I 15 0 7 2.58 17.20% 2.00% 2
J 9 0 0 0 0.00% 0.00% No Odd
Topics
K 2 0 2 0.68 34.00% 0.53% No Odd
Topics
L 7 0 3 1.32 18.86% 1.02% 1
M 4 0 2 0.79 19.75% 0.61% No Majority
Vote
N 3 0 3 0.63 21.00% 0.49% No Odd
Topics
o 5 0 3 1.53 30.60% 1.19% 2
2 0 2 0.26 13.00% 0.20% No Odd
Topics
Q 4 0 0 0 0.00% 0.00% No Odd
Topics
R 3 0 1 0.11 3.67% 0.09% No Odd
Topics
S 10 0 3 0.63 6.30% 0.49% No Odd
Topics
T 5 1 1 1 20.00% 0.78% 3

Nine (9) out of the 20 topic clusters (C, D, G, ], N, P, Q, R, S) have
been identified by a majority of the evaluators as having no odd top-
ics. This meant that these topic clusters had a cohesive set of topic
titles in their respective clusters as evaluated and rated by the evalua-
tors. 6 topic clusters (B, E, F, H, L, T) have been identified by a majori-
ty of the evaluators as having one odd topic title and 3 topic clusters
(A, I, O) as having two odd topic titles. This does not sum up to 20
topic clusters as 2 topic clusters are anomalous (K and M).
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While cluster K garnered a majority vote of “No Odd Topics”, it also
contained just two (2) topic titles. 10 evaluators identified the cluster
as having no odd topics, seven (7) evaluators identified topic title 1
(Java Applet) and topic title 2 (Error Handling Routines) as odd top-
ics. Four (4) evaluators also identified the two topic titles as odd since
they noted that the topic titles should not be together in the cluster;
thus, both of them are odd. With just two topic titles, it was also diffi-
cult to single out which one is the odd topic title; this is especially
highlighted with the titles discussing entirely different topics.

Cluster M was also anomalous as it garnered to majority vote and the
identification of odd topic in this cluster was spread out. This was
due to how the topic titles in this cluster was grouped. While cluster
M was about Repetition Control Structures, two (2) out of the four (4)
topic titles were “Flowchart; Understanding Structure, Module, Hierarchy
Charts, and Documentation, Decision, Loop” and “Program Design and
Structure; Programming Fundamentals, Comments, Statement, Identifier,
Keyword, Literals, Primitive Data Type, Variable, Output Data, Operator,
Getting Input from the Keyboard, Control Structure, Decision, Repetition,
Branching, Command Line Arquments.” One factor that these two topic
titles that were not about repetition control structure were grouped in
this cluster was the presence of the word “structure” and “loop” in
their topic titles, especially in their sub-topic titles.

This odd inclusion of the topic titles in a cluster is one of the disad-
vantages of the PCK-means clustering algorithm. An important find-
ing when using the PCK-Means clustering method on normalized
BoW representations of topic titles is that it tends to interpret words
in a very literal sense, without considering their context or semantic
similarities and differences to neighboring words in the title. Alt-
hough this approach was effective in grouping topic titles based on
their shared words, it was unable to capture the nuances of language
and the semantic meanings conveyed by the topic titles.

The evaluation showed that the topic clusters had a strong level of
cohesion with only slight imperfections, as evidenced by a total
weighted percentage mean of odd topics at 13.11%. However, evalua-
tors also noted that some topic titles were considered odd due to the
presence of a commonly repeated word in the cluster, highlighting
the algorithm's inability to distinguish semantic similarities and
differences between words. Despite this limitation, the evaluators
expressed appreciation for the algorithm's ability to cluster topics
automatically without any manual intervention by an expert.

Evaluation of the Quality of the Synthesized Topic Outlines

Evaluation question 2 asked the evaluators to arrange their own topic
outlines given the topic title clusters produced by the PCK-means
with their summarized cluster titles. The goal here was to do a side-
by-side comparison with the synthesized outlines (optimal and all-
topics topic outlines) and the evaluators’ topic outlines to gauge their
quality.

To determine the consistency between the synthesized topic outlines
and the evaluators' outlines, a one-to-one matching approach was
employed. This method involved comparing the placement of topic
clusters in the sequence of the topic outlines created by the evaluators
and the synthesized outlines. The findings revealed that only the first
topic cluster, topic cluster F, had consistent placement across 18 eval-
uators for both optimal and all-topics outline.
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While the evaluators’ topic outlines showed varying arrangements,
certain patterns and subsequences emerged, indicating common or-
dering of topic titles among them. These subsequences were labeled
as Subsequences A, B, and C, with Subsequence A [F, T] appearing in
12 outlines, Subsequence B [F, T, I] appearing in 9 outlines, and Sub-
sequence C [T, I, H] appearing in six (6) outlines. Cluster F focused on
“Introduction to Programming & Programming Languages and Concepts,”
cluster T dealt with “Flowchart, Pseudocode, & Algorithms,” cluster 1
was about “Data Types, Identifiers, Keywords, & Variables,” and cluster
H was about “Logical Operators & Assignment Statement.” Further-
more, the mode of topic title clusters from the evaluators” topic out-
lines for the first four topic clusters [F, T, I, H] was a combination of
these subsequences, as shown in Table 7. Some clusters were repeated
in the mode of evaluators’ topic outlines since it represents the most
frequently repeated cluster for that particular order in the sequence.
These subsequences were used as an additional factor to gauge if the
synthesized outlines will make sense in a classroom scenario.

Table 7. Comparison of the synthesized and the mode of evaluators’
outlines

Topic Outlines Topic Title Cluster Sequence

Optimal FI1I S]] CABMOTZKTD

All-Topics FI B OHIRTLET CQQGNAPI KD]J S MT
All Evaluators (Mode) F TI HS S MS J CGB K NP N QP Q
EducatorsOnly(Mode) F T I H S J] C A Q DG DL OPQNGZP Q
Students Only (Mode) FI AERSMS HLMCCDNOTIK OR

An investigation into the presence of longest common subsequence
(LCS) was also conducted in the topic outlines of educators, students,
and the outline mode for all evaluators. An LCS refers to the longest
subsequence that is common to all the sequences in a set of sequenc-
es. In this investigation, the LCSs identified may serve as a guide for
the relative placement of topics in an outline, but not necessarily the
exact topic sequence. The criteria for a subsequence to be considered
an LCS is that it must be shared by the majority of the group size, and
the study used a combination of the group size and majority number
to find possible outline combinations. The majority number for edu-
cators (n=12) was seven (7), resulting in 729 possible combinations,
while for students (n=7), the majority number was four (4), resulting
in 35 possible combinations. Table 8 presents the topic cluster node
LCS for the different evaluator groups.

The emergence of these LCS among the evaluators' outlines indicates
that the relative ordering of topics is still significant, despite the varia-
tions in the overall arrangement of the outlines. Take, for instance, the
LCS "FIHJ" found in the educators' outlines. It implies that, in the
majority of the educators' outlines, topic cluster F was typically posi-
tioned before I, followed by H and then J. Since these are LCS, other
topic clusters could have been inserted between these LCS topic clus-
ter nodes.

The evaluators' own topic outline arrangements revealed certain
patterns and subsequences, which were not found in any of the syn-
thesized outlines. In the optimal outline, only two (2) out of the 11
topic clusters had a one-to-one match, and no subsequences were
present. Similarly, in the all-topics covered outline, only two (2) out of
the 20 topic clusters had a one-to-one match, and no subsequences
were present.
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While most of the LCS topic cluster sequences were observed in both
optimal and all-topics outline, they cannot be considered strong indi-
cators of a well-arranged topic outline since they only depict the rela-
tive ordering of topic clusters.

Table 8. Longest common subsequences (LCS) in the evaluators' out-
lines grouped by educators, students, and the mode outlines

Educators Students Mode Outline
FIH] FALSM FIHCN
FIHJR FIHB
FIHS] FIHJC
FIHSJR FIHSM
FTH] FISCGO
FTHJR FISJCN
FTIHS] FISM
FTIJ FISMB
FTJ FISMC
FISMK
FISMQ
FRSM
FTAL
FTSM

Evaluation for Viability of the Synthesized Topic Outlines

Evaluation question 3 asked the evaluators to rate the viability of syn-
thesized topic outlines for an introductory programming course on a
scale of Strongly Disagree (1) to Strongly Agree (5). The first outline
presented was the optimal alternative topic outline while the second
outline used the same topic clusters but was ordered randomly. The
third outline was the all-topics alternative topic outline. During the
evaluation, the outlines were not labelled to prevent bias. Figure 3
shows the summary of evaluation question 3.

(A) Optimal (Ave = 3.63) (B) Random (Ave = 2) (C) All-Topics (Ave = 2.1)

5% 5%

= Strongly Agree (5) wAgree (4) » Neutral (3) = Disagree (2) = Strongly Disagree (1)

Figure 3. Likert scale summary of the viability of the synthesized
topic outlines

The optimal topic outline received an overall positive rating of 68%
(21% Strongly Agree and 47% Agree) and an overall average score of
3.63, leaning towards an Agree rating. Although it may be a viable
starting point for an introductory programming outline, the evalua-
tors noted that the optimal topic outline became specific for Java pro-
gramming language in the later parts of the outline, which may re-
quire modification if another programming language were to be used.
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On the other hand, the randomized topic outline received an overall
negative rating of 73% (47% Strongly Disagree and 26% Disagree) and
an overall average score of 2. Only one educator rated it Strongly
Agree, implying that the topic title sequence is crucial, even if the
topic titles are deemed optimal or appropriate for the knowledge
domain.

The all-topics topic outline received an overall negative rating of 69%
(37% Strongly Disagree and 32% Disagree) and an overall average
score of 2.1. While it was the most comprehensive in terms of topic
coverage, it may not fit into a single semester of an introductory pro-
gramming course due to its length and may cause information over-
load to the students. However, the major observation of the evalua-
tors was not due to the length but more to the order of the topics.
They noted that the basic, general, and fundamental topics are dis-
cussed very late into the topic outline, which may not be beneficial for
students.

Conclusion

The aim of this study was to structure the topics of traditional intro-
ductory programming courses across different Philippine HEIs. The
study used PCK-Means to cluster 129 topic titles into 20 topic clus-
ters, which showed strong cohesion but with some imperfections due
to the clustering algorithm's limitations. The constructed TPG model
provided a structured overview of the landscape of introductory pro-
gramming in the Philippines, revealing that most HEIs' traditional
introductory programming topic outlines tend to start the same,
while the middle part has core programming topics that are se-
quenced differently, and the latter part has divergent ways of ending
their outlines.

Although the clustering provided good topic cohesion, the synthesis
for alternative topic outlines from the TPG model performed poorly,
as the synthesized optimal and all-topics covered outlines were not
ideal. Since these graph traversal algorithms heavily rely on linking
the topic title clusters (edges), this also meant that the linking of the
topic title clusters just via their original precedence order on their
source topic outlines was not enough to base the transitions between
topic clusters. This meant that future researchers could improve the
generation of alternative topic outlines by incorporating more fea-
tures to link the topic title clusters, such as investigating module de-
scriptions as an additional basis for the edge weight computation.

Overall, this study proposed a method to use computer science tech-
nologies to assist educators in creating effective topic outlines for
traditional introductory programming courses. This method could
potentially improve the learning experiences of students and can be
integrated into an accessible system for educators. The constructed
TPG model provided a structured overview of the topics and how
they are connected in the domain of introductory programming in the
Philippines. In addition, having more data from other HEIs may re-
fine the model in structuring the topics of introductory programming.
While this study demonstrates the potential of using data mining and
clustering algorithms for topic outline design, further experiments
and validation are necessary before implementing them in real class-
rooms.
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Recommendation

The study suggests the use of Latent Dirichlet Allocation (LDA) as a
method to improve the limitations of PCK-Means clustering of the
topic titles in the context of introductory programming education. By
searching for latent topics within the topic titles and classifying cer-
tain words that may form a topic, LDA can provide a more thorough
investigation of the semantic relationships between words in the topic
titles. A better semantic network could be built by conducting a more
thorough investigation of the semantic relationships of the words in
the introductory programming domain, such as looking at hyponyms
and hypernyms of the words. This semantic network could be used as
an additional input in the PCK-Means constraint by either (1) adding
the topic titles with the words that are on the same topic group in the
LDA table in the must-link constraint and those on different topic
groups in the cannot-link constraint, or (2) modifying the calculation
for the similarity threshold to include a weighted variable dependent
on the grouping of words in the LDA topic-word table. These modifi-
cations could possibly help reduce the number of anomaly clusters or
odd topics per cluster produced by the PCK-Means clustering algo-
rithm.
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