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I. Introduction
Data pre-processing involves transforming raw data into a
structured and easy-to-understand form. This procedure creates
accurate and reliable datasets which ready to be analyzed in an
algorithm, such as machine learning. One of the pre-processing
data methods involves expert judgments to assess the data. For
instance, in the problem of clustering and classification,
especially in big data within education domain with unstructured
data, the involvement of experts has been investigated
extensively [1]–[4], which produces improved accuracy and
reliability. The manual annotation process is challenging-the
proclivity includes error labeling, ambiguous decisions, and
tremendous complex effort in term of tedious and time-
consuming job. However, several studies indicate that expert
labeling has superior benefits to non-expert methods. For
example, in research [5]–[7] combining manual annotation by
expert and crowdsourcing to produce an accurate dataset viewed
from the aspect of annotation discrepancy between expert and
crowd. While in the other publication [8], [9] developed a multiple
expert annotation framework with superior results than the
standard. Moreover, besides manual labeling, the expert also
contributes to validating automatic labeling by the system [10]–
[12].
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Abstract— Students enrolled in an undergraduate computer 

science program must complete a capstone project as their final 

project. The selection of a capstone topic that is not appropriate 

can cause delays in the completion of this activity. Consequently, 

a thorough comprehension of the disciplines represented in each 

capstone title is required as a reference point for students when 

selecting topics that are appropriate for their academic skills. 

The popular ontology produced by the Association of 

Computing Machinery (ACM) can be used to learn about 

different computer science disciplines. Capstone title labeling on 

this ontology is applicable in topic recommendation systems that 

use clustering techniques to group titles into groups of similar 

topics. This technique requires a manual labeling process 

carried out by an expert, which has proven to be superior in 

other studies. However, this process is cumbersome and prone 

to errors. As a result, we present annotation tools that can assist 

experts in labeling based on the rules of the ACM Computing 

Classification System (CCS) ontology. Such tools have never 

been developed before in the education domain, despite the fact 

that educational datasets are widely available. In order to 

evaluate the efficacy, reliability, and accuracy of our system, we 

employ expert services to make manual annotations with and 

without the use of tools. The results of the comparison show that 

the manual labeling process with our tools are able to speed up 

the annotation process and increase the accuracy of the results 

achieved, as well as assist the resolution process of labeling 

disagreements among experts. 

Keywords—annotation, expert system, ontology, capstone 

project 

I. INTRODUCTION 

Data pre-processing involves transforming raw data into a 
structured and easy-to-understand form. This procedure 
creates accurate and reliable datasets which ready to be 
analyzed in an algorithm, such as machine learning. One of 
the pre-processing data methods involves expert judgments to 
assess the data. For instance, in the problem of clustering and 
classification, especially in big data within education domain 
with unstructured data, the involvement of experts has been 
investigated extensively [1]–[4], which produces improved 
accuracy and reliability. The manual annotation process is 
challenging—the proclivity includes error labeling, 
ambiguous decisions, and tremendous complex effort in term 
of tedious and time-consuming job. However, several studies 
indicate that expert labeling has superior benefits to non-
expert methods. For example, in research [5]–[7] combining 
manual annotation by expert and crowdsourcing to produce an 
accurate dataset viewed from the aspect of annotation 
discrepancy between expert and crowd. While in the other 
publication [8], [9] developed a multiple expert annotation 
framework with superior results than the standard. Moreover, 
besides manual labeling, the expert also contributes to 
validating automatic labeling by the system [10]–[12].  

The manual annotation method used by the expert has 
been shown to be more effective and precise in terms of 
processing time when the appropriate tools are used to 
facilitate it. Annotation tools provide a corridor for expert 
reasoning in labeling or annotating datasets. Furthermore, 
these tools may provide recommendations and even perform 
automatic labeling, which makes it easier for experts to 
complete their tasks efficiently. Several tools also take 
advantage of the ontology in case studies where the 
knowledge has been mapped comprehensively and structured 
in a standardized way. The medical domain is where the 
majority of the research and development of annotation tools 
based on ontologies takes place. The annotation method with 
a crowdsourcing approach to medical data produces a 
knowledge base for mental health literature, segmentation of 
cellular biology images, and the retrieval process of electronic 
medical records [13]–[15]. Annotation tools have also been 
developed for labeling multimedia data [16], [17] with the 
help of a previously trained semantic ontology. Annotated 
multimedia data is beneficial in the retrieval of multimedia 
data from a database. The findings of this study demonstrate a 
higher level of accuracy that is better, faster, and more 
efficient. Despite the fact that there have been various 
framework or proof of concept annotation tools published, we 
have discovered that there has only been a limited number of 
studies that have focused on annotation tools in the 
educational field.  

A. Capstone Project and Ontology 

Undergraduate computer science students are required to 
complete a capstone project as part of their degree. However, 
incorrect topic selection as well as a lack of cognitive skill in 
the selected capstone resulted in delays in the completion of 
the assignment. Among the options is a widely used machine 
learning clustering techniques for developing a 
recommendation system. The goal is to group capstones into 
topic groups which can then be used to assess students' 
abilities and suitability for certain topic groups. It is necessary 
to involve experts in the pre-processing of data stage in order 
to annotate each capstone title for the relevant disciplines in 
order to use this recommendation method. This annotation 
procedure makes advantage of established ontology standards 
in computer science, such as the Computing Classification 
System developed by the Association of Computing 
Machinery (ACM CCS).  

B. Problem Statement, Gap, and Motivation 

The capstone topic recommendation system requires a 
clustering technique to group similar capstone titles. Several 
courses support each capstone title, correspondingly the 
clustering process maps these titles into cluster groups. In this 
case, the system requires a supervised learning method for the 
dataset of capstone titles. As a result, in order to build an 
accurate and efficient dataset, it is necessary for the expert to 
provide computer science annotations based on the ACM CCS 



Ontology on each capstone title. These activities are time-
consuming, tedious, and need high concentration and effort. 
In addition, the current research gap highlights the lack of 
annotation tools that have ever been developed to label 
capstone data based on computer science ontology. Based on 
these problems, the research question is formulated as follows:  

RQ 1. How to help experts annotate capstone titles more 
easily and quickly? 

RQ 2. How is the accuracy level of expert labeling results 
compared to manual labeling without tools? 

RQ 3. How can annotation tools highlight inaccurate 
annotation information and help settle a disagreement 
between experts? 

II. METHODOLOGY 

A. Computer Science Capstone Project 

The capstone project at the undergraduate study level is 
the final stage determining student graduation. Therefore, 
students should master the related courses that support a 
capstone title. Capstone project delaying is a common 
problem because students lack cognitive incompetence in the 
fundamental knowledge of a particular capstone title. As a 
result, students exhibit a low level of esteem and intention to 
work on the title. A case study at the undergraduate level at 
the Informatics Engineering University of Surabaya shows 
that the average student spent more than two semesters 
working on the capstone project, albeit the standard duration 
of capstone project completion is one semester. This study 
involves 301 students who graduated from the 2016-2021 
class. 

Therefore, students must choose capstone titles and topics 
that match their abilities and passions. The topic 
recommendation system can help students to choose a suitable 
capstone topic. This system utilizes clustering techniques to 
group capstone topics that maintain similarities. Then the 
system reads student transcripts to determine the student 
cluster to provide recommendations for the proper topic. Data 
pre-processing stages are needed to build a recommendation 
system based on machine learning clustering. The raw dataset 
compromises the bulk of the computer science capstone 
project. The challenge of this topic clustering is that each 
capstone title has specific computer science knowledge that 
students must master. It is possible to have cross-domain 
knowledge within a title. For example, a capstone with the 
topic of machine learning requires an understanding of 
statistics; in addition, the student may master mobile 
development if the machine learning is implemented in a 
mobile application. 

The Association of Computing Machinery: Computing 
Classification System (ACM CCS) is a computer science 
ontology system that classifies and identifies computer 
disciplines that can be accessed on the web 
https://dl.acm.org/ccs. ACM CCS is a poly-hierarchical 
ontology applied to modern computer disciplines and reliable 
for future changes. ACM CCS is used to classify research 
publications in computer science into 13 main domains. Each 
domain has a sub-field depth of 4-6 tree levels. This ontology 
can be used to label the computer science project capstone 
according to standards, and this process requires expert 
involvement. The result of this process is a dataset of a 
capstone project that consists of fundamentals courses, and it 

requires as the basis of calculation in clustering algorithms 
applied. 

B. Annotation Tools Framework Design 

Manual annotating is tedious work and prone to mistakes. 
Therefore, we developed annotation tools to help simplify the 
work of experts in the dataset labeling process. Fig 1 shows 
the workflow of the annotation process.  

 

Fig 1. Annotation Tools Workflow Design Process 

Four primary processes establish in our workflows that are 
briefly explained as follows:  

1. Understanding of ACM CCS Ontology 

Each ontology domain can have a hierarchy of up to a 
maximum of 4 depth levels. In conjunction with that, the 
selected ontology keyword should use the deepest hierarchy 
possible to deliver more accuracy. Consequently, the experts 
need to familiarize themself with the entire ACM CCS 
ontology hierarchy. Our annotation tools provide hierarchical 
tree mapping visualization to help the experts. 

2. Metaheuristic course labeling  

The final result of the expected dataset is a collection of 
supporting courses as the fundamental cognitive substantive 
for each capstone title. For example, in the case study at the 
Informatics Engineering University of Surabaya, we decided 
to use 72 courses, of which 23 courses are mandatory, and the 
rest are elective courses. The step taken by the expert is to 
label each course based on the ACM CCS ontology manually. 
Each course covers a broad range of computer science 
discipline topics. However, not every discipline is prevalent in 
these subjects. Thus we use coefficients to give the degree of 
influence of each discipline on the course. The data snippet in 
the table1 shows the result of the labeling process for each 
course.   

3. Metaheuristic capstone labeling  

Furthermore, the expert performs manual labeling of each 
capstone title according to the rules of the ACM CCS 
ontology. The selection of ontology keywords uses the most 
profound level to make the results more accurate. Each 
capstone title could consist of multi-disciplines of computer 
science. 



4. Cross-referencing capstone and courses  

The system uses the cross-reference technique of the ontology 
keywords of each course against each capstone title. Then the 
system displays a list of courses that are related or have 
substantive elements to the capstone title. The expert's task is 
to select relevant courses to be associated with each capstone 
title. The results of this final process are capstone titles that 
have associations with the supporting courses. The clustering 
algorithm requires this result to generate the expected 
outcomes. 

 

III. RESULT AND DISCUSSION 

This section describes the work plan for implementing the 
annotation tools in a closed system trial. We involved multiple 
experts consisting of four experts who served as head of the 
laboratory responsible for research in each field of computer 
science. Three experts were assigned to do manual labeling 
with the help of our annotation tool, while one other expert did 
manual labeling without the help of tools. To answer the first 
and second research questions, we measured the input pace of 
each group and then compared the accuracy of the results. 
Meanwhile, to answer the third research question, we 
observed the amount of disagreement data and measured how 
long the resolution process took. 

A. End to End Testing: Study Case Computer Science 

Undergraduate Capstone Project 

A complete and hierarchical-based visual ontology is made 
available by ACM CCS, which may be accessed on the 
website located at https://dl.acm.org/ccs. There are a total of 
13 core fields of study, and each of these fields has its own 
hierarchical structure with up to four levels of concentration. 
The purpose of the ACM CCS is to assist researchers in 
correctly categorizing their publications so that they may be 
indexed and retrieved more quickly. Furthermore, our 
annotation tools provide better visualization of the ontology 
hierarchy with the help of visual notation in the form of Euler 
diagrams. As a result, disciplines can be searched and seen 
more clearly, making it easier for experts to quickly learn and 
browse each ontology node. 

We used 300 capstone titles as dataset testbed from 
informatics engineering graduates from class 2016 to 2021. 
Each expert annotated 300 data and then resolved 
disagreements for specific data. The screenshot display of the 
annotation tools in Fig 2 shows the ontology keyword input 
process in a capstone title. Ontology number one shows the 
disciplines that contributed the most to the title. While 
ontology number three is assumed to have the lowest 
contribution to the title. In deciding on the ontology keywords, 
the expert checks the title, abstract, and even, if necessary, 
checks the contents of the Capstone project report document. 
The entered ontology keywords should use the deepest 
hierarchy of ACM CCS as possible. Furthermore, the system 
displays the root field of ontology to facilitate the cross-
referencing process with the supporting courses that have also 
been labeled. Finally, the system also displays a table that 
contains a list of courses associated with these keywords and 
their coefficient degrees. Information on the list of courses 
associated with the ontology nodes can help the expert decide 
on the three supporting courses for the capstone title. 

 

Fig 2. Ontology Input Process on Capstone Title 

Using the cross-reference technique, we can investigate the 
academic substance that emerges between the pre-judgment 
expert of the capstone title dataset and the courses under 
consideration. Example: The cross-referencing segment for 
the capstone title "Development of Decision Supporting 
Systems Using the Weighted Product Methodologies for 
Credit Installment of Vehicle Sales" is shown in Table 2. The 
expert has conducted an assessment and determined that this 
title requires adequate competence in the fields of Operation 
Research, Information System Application, and Software 
notation and tools. These three fields are ordered from highest 
to lowest relevance based on the default ACM CCS ontology. 
Additionally, the mapping process was conducted between 
comparable courses and these three fields on subjects. The 
outcome was that it discovered at least nine courses that were 
relevant to the capstone title categories. To determine the 
subject relevance between each course and the five 
aforementioned fields, we employ coefficients ranging from 0 
to 1.  

 

Fig 3. Screenshot of Cross-Reference Result 



 

 

Likewise, in figure 3 shows how our system displays the 
results of cross-reference between courses and capstone 
ontology substance. The system automatically assigns three 
courses relevant to the title. However, this result can still be 
overridden by the expert. There is a possibility that the results 
of each expert's annotations will result in disagreements. In 
this scenario, disagreement refers to a disparity between the 
courses that were chosen and the sequence in which they were 
chosen by the experts. As shown in Figure 4, our system has 
the capability of highlighting disparities in annotation 
findings, which can assist in the resolution of arguments 
amongst experts. 

 

Fig 3. Screenshot of Highlighted Disagreement  

B. Annotation Result Analysis 

 The preliminary step is needed before undertaking manual 
labeling on the capstone title dataset. The chairman of the 
Department of Informatics Engineering at the University of 
Surabaya established the 72 courses designated linked to 
ACM CCS ontology. This annotated course used as ground 
truth data that need to be consumed in later steps. However,  
the objectivity of the system that is being designed, the 
quantity of data, and the knowledge gap between the system 
designer and the expert all contribute to the quality of the 
ground truth [18]. A reverse classification framework is 
utilized as part of an approach in order to make labeling 
accuracy predictions in the absence of ground truth [19]. To 
get a higher level of precision and objectivity in the ground 
truth, one strategy for validating it is to use the assistance of 
multiple experts in addition to crowdsourcing [20].  

Moreover, this technique uses coefficients to represent the 
degree of considerable importance for each of the relevant 
ontology nodes for that course. Table 1 illustrates instances of 
course labeling results. The node with the highest coefficient 
is considered to influence the course content more than other 
nodes with a smaller coefficient. This ontology classification 
becomes the basis for the subsequent capstone labeling 
process.  

 

Table 1. Snippet Of Course Annotation 

Courses 

Nodes 

#1 

Coeff 

#1 

Nodes 

#2 

Coeff 

#2 

Nodes 

#3 

Coeff 

#3 

Hybrid 

Mobile 

Programmi

ng 

Softwar

e 

notation

s and 

tools 

0.7 World 

Wide 

Web 

0.2 Informa

tion 

systems 

applicat

ions 

0.1 

Business 

Geography 

Informat

ion 

systems 

applicati

ons 

0.8 Informa

tion 

systems 

applicat

ions 

0.2 N/A 
 

Data 

Mining 

Probabil

ity and 

statistics 

0.5 Informa

tion 

retrieva

l 

0.3 Informa

tion 

systems 

applicat

ions 

0.2 

 

In addition, for the purposes of validating the accuracy of our 
work, we utilized a ground truth dataset that had been verified 
by the chairman of the Department of Informatics Engineering 
at the University of Surabaya. We took a sample from 10 
different datasets, each of which contained a capstone title 
with a different topic: three capstone titles with information 
system subjects, three capstone titles with computer vision 
topics, and four capstone titles with data science or artificial 
intelligence issues. We measure the level of correctness of 
each expert based on the data from the ground truth, and we 
also measure the speed at which annotations are completed. 
The results of the measurements are presented in table 2 
below. The annotating tools that we built are used by Experts 
A through C, however Expert D does not utilize any tools. All 
experts do the same thing, i.e., check the capstone's title, check 
the abstract, and, if necessary, check the capstone document. 
On the basis of the results of the examination, the expert 
provided three complementing courses for the capstone title 
and supplied scientific annotations in accordance with the 
norms established by the ACM CCS. The level of accuracy is 
then determined by comparing the results of the expert's work 
with the dataset that represents the ground truth. It is the 
responsibility of the expert to determine the three 
complementing course and organize them in sequence. In 
table 2, the correct course (CC) shows the proper number of 
courses chosen by the expert. Meanwhile, the correct order 
(CO) indicates if the three complementing courses have been 
successfully placed in the correct sequence. 

Table 2. Result of Annotation Process of Selected Data Sampling 

 Expert A Expert B Expert C Expert D 

Capstone CC CO Acc CC CO Acc CC CO Acc CC CO Acc 

1 3 1 1 3 1 1 3 1 1 3 1 1 

2 2 0 0.5 2 1 0.75 3 0 0.75 3 1 1 

3 2 1 0.75 3 1 1 3 1 1 3 1 1 

4 3 1 1 3 1 1 3 1 1 3 0 0.75 

5 3 0 0.75 3 0 0.75 3 0 0.75 3 0 0.75 

6 2 1 0.75 2 0 0.5 3 1 1 3 1 1 

7 3 1 1 3 1 1 3 1 1 3 0 0.75 

8 3 0 0.75 3 1 1 2 0 0.5 2 0 0.5 

9 3 0 0.75 3 1 1 3 1 1 2 1 0.75 

10 3 1 1 3 0 0.75 3 1 1 3 0 0.75 

 2.7 0.6 0.825 2.8 0.7 0.875 2.9 0.7 0.9 2.8 0.5 0.825 

 

Accuracy is calculated by adding together CC and CO and 

dividing by four. In conclusion, each capstone title has three 

complementing courses that are ordered by their relevance to 

the title. It can be seen that the use of tools does not 



significantly increase accuracy when compared to the 

absence of tools. However, it can be seen in table3, that the 

annotation processing speed is recorded faster when using 

tools. On average, using tools took 28 minutes to complete 

ten datasets compared to 47 minutes taken without using 

tools. 

 
Table 3. Average Result Summary of Selected Data Sampling 

 

Course 

Correctness 

Order 

Corectness Accuracy 

Anot. Speed 

(min) 

Expert A 2.7 0.6 0.825 25 

Expert B 2.8 0.7 0.875 32 

Expert C 2.9 0.7 0.9 27 

Expert D 2.8 0.5 0.825 47 

 

Without using tools, the manual labeling process takes an 

average of 4.7 minutes per capstone title to label ten capstone 

titles. If the experts work on labeling for all 300 datasets, it 

approximately requires 1410 minutes (23.5 work hours). In 

comparison, the time required for the manual labeling process 

using tools takes an average of 2.8 minutes per capstone title 

for approximately 84 minutes. It means that annotation tools 

have successfully accelerated 60% expert performance. 

IV. CONCLUSIONS 

The manual annotation process is challenging. We propose 
tools to help experts do this manual annotation to speed up the 
process and increase its accuracy. The case study used is the 
ontology labeling process for each capstone project title for 
undergraduate computer science students. The resulting 
dataset can be used as fundamental for creating a capstone 
topic recommendation system that prevents early delays in 
capstone completion. Based on the measurement of the speed 
and accuracy level, this tool can help the ontology annotating 
process quickly when compared to the manual method. 
However, evidence shows slightly improved annotation 
accuracy with our tools. Disagreement highlights are 
considered handy features amongst experts because they can 
quickly highlight the disagreement data and help resolve the 
discrepancies. Furthermore, visualization of the ontology 
hierarchy using a visual notation can help experts learn the 
structure of computer science ontologies. However, the results 
of automatic labeling and the cross-reference feature created 
by the system depend on the outcomes of the initial data setup 
for the 72 courses because it is utilized as a reference system 
in making decisions for three relevant courses for a capstone 
title. It can be difficult to get at ground truth that is both 
genuine and reliable. When determining the ground truth for 
course annotations, it is best to involve a large number of 
stakeholders, particularly the head of the lab and the lecturers 
for the relevant classes. 

This research could go in many different directions. For 
instance, annotation tools may be built in the education field 
using a variety of educational datasets to facilitate crowd-
assisted labeling. This would enable the labeling process to be 
completed more quickly, which is especially important for 
large datasets. Furthermore, the system can be developed to 
automatically extract relevant keywords in capstone 
documents using text mining techniques and to map keywords 
to each course automatically. In conclusion, Our expert 
annotation tools undoubtedly speed up the undergoing process 
of semi-automatic dataset labeling. Moreover, the results of 
the dataset in this study are used for the process of clustering 

capstone topics to be used as an intelligent recommendation 
system that can provide guidelines for capstone topics tailored 
to students' performance records. 
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