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INTRODUCTION 

In engineering education that is directly connected to industrial sites, student-centred project-based learning (PBL) is 
a model that is comprehensively used in various engineering education courses, and in particular, capstone design, 
a representative curriculum of PBL, focuses on student project teams. The capstone design can be the most essential 
curriculum that solidifies major knowledge and cultivates practical skills through the collaborative learning process to 
solve real problems. 

Numerous explorations of the educational effectiveness of capstone design [1-4] and factors affecting the achievement 
of participating students have been conducted across a variety of disciplines [5-7]. However, capstone design is a more 
difficult curriculum compared to others in engineering schools, requiring students to form autonomous teams, 
select project topics, and go through a collaborative learning-based problem-solving process to produce the final project 
result. Therefore, students in lower grades have to go through a preparation process, demonstrate interest in this subject 
and interact with seniors who have taken the capstone course, which may, in many cases, cause the transfer of 
the seniors’ emotions about the curriculum to the lower-grade students [8]. The authors believe that these feelings will 
have a significant impact on students’ preparation and participation in the capstone design curriculum. Therefore, it can 
be a meaningful task to examine some crucial factors that affect students’ feelings about capstone design and analyse 
the implications that could lead to improvements in the capstone design curriculum.  

Unlike previous studies, this study was focused on the emotions of students who experienced capstone design and 
the factors that influence these emotions. Using the sentiment analysis technique of text mining, the authors quantified 
the emotions felt by capstone design students based on their review data recorded immediately after taking the course. 
Also, in order to identify the factors that affect these emotions, a survey was conducted with students taking the course 
based on a revised students’ evaluations of educational quality (revised SEEQ) questionnaire as a multidimensional 
student evaluation tool [4].  

From 2013 to 2020, a survey based on the revised SEEQ was conducted annually with students about the capstone design 
curriculum in the Department of Industrial and Management Engineering (IME) at Hankuk University of Foreign Studies 
(HUFS) in Korea. In addition, each student’s emotions were quantified through sentiment analysis, a text mining technique, 
on the course reviews included in the final report submitted by the same students in the capstone design curriculum. 
This study sought to examine how and what factors affect the quantified emotions of students. 

TEXT MINING AND SENTIMENT ANALYSIS IN EDUCATION 

Text mining is a methodology related to the process of extracting useful information from text data based on machine 
learning and statistics. It applies data mining algorithms to extract information, but unlike data mining based on 
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structured data, language processing technology is required because unstructured text data must be structuralised and 
features extracted. Therefore, in order to derive meaningful information, text mining requires an appropriate 
pre-processing procedure and the application of an extraction algorithm suitable for the objective of each analysis [9]. 
Text mining has been actively applied in various fields relatively recently, and various studies are being conducted as 
a methodology for analysing unstructured data in the education field as well. It is mainly used to analyse the vast and 
diverse descriptive opinions of study subjects [10-15].  

Sentiment analysis is a text mining methodology that determines and quantifies the degree of emotion for words in 
a document based on an emotion vocabulary. It has been studied in a wide area of domain, such as movie reviews, teaching 
reviews [16-18], product reviews [19], e-learning [20], travellers’ reviews [21], etc. Sentiment analysis may be broadly 
classified into machine learning emotion analysis and dictionary-based emotion analysis. Machine learning-based 
sentiment analysis shows higher accuracy than dictionary-based sentiment analysis when there is sufficient data, 
but when the amount of data is small, dictionary-based sentiment analysis shows higher accuracy. In addition, 
the sentiment analysis technique suitable for each emotion type differs depending on the characteristics of the data. 
If the data used for machine learning training does not contain information that can clearly distinguish between positive 
and negative emotions, it is difficult to apply machine learning-based sentiment analysis, and in this case, dictionary-
based analysis is more appropriate [22]. Therefore, the dictionary-based sentiment analysis technique was used to 
analyse students’ emotions regarding the capstone design curriculum in this study. 

RESEARCH METHODOLOGY AND DATA 

Sentiment Analysis Procedure and Data 

In the capstone design curriculum of the IME Department at HUFS, all teams must submit a final report regardless of 
whether the student project passed or not. This final report contains information on what each student felt or learned 
while working on the project during one semester. This includes reviews that can be written freely without a set format, 
expressing regrets, expectations about the Department or curriculum, etc. Most of the reviews written by students are 
self-reflective and contain a lot of information about project performance and team members. A dictionary-based 
emotional analysis was performed on 171 reviews over eight years from 2013 to 2020 as shown Figure 1.  

Figure 1: Causality analysis procedure between sentiment scores and survey variables. 

To analyse Korean morphemes in the 171 student reviews about the capstone design curriculum, several pre-processing 
steps were performed using the Korean natural language processing (KoNLP) package to extract the meaningful words 
for analysis. Sentiment analysis can calculate an emotion score according to data characteristics by tokenising 
pre-processed words, checking whether the tokenised word corresponds to the emotion dictionary, and assigning 
an emotion score to the document to which the word belongs. First, words in sentences were tokenised using 
the tidytext/tidyr program in the R package, and then the Korean sentiment lexicon (KNU) [23] was used to correspond 
to the sentiment type and score for each word in student reviews. Using this sentiment lexicon, the sentiment type and 
score for the words written in the student reviews are: strong positive (2), weak positive (1), neutral (0), weak negative 
(-1) and strong negative (-2).  

In this study, in order to consider the impact on emotions, the sentiment score was calculated as a positive score, 
negative score, and a composite score by adding the positive and negative score as shown in Table 1 below. Here, the 
negative sentiment score was originally a value below 0, but changed to an absolute value for analysis convenience, 
so the composite sentiment score is the value obtained by subtracting the negative sentiment score from the positive one. 
The standard deviation of the negative sentiment score is larger than the positive one, which shows that the range of 
negative emotions that students feel through capstone design performance is greater than the range of positive emotions. 
Further, the mean of the composite sentiment score is slightly greater than 0, which is encouraging as it indicates that 
students feel more positive than negative about the capstone design curriculum. However, because the magnitude is 
very small, the need is to increase positive emotions or to reduce negative emotions. Because the standard deviation of 
the negative sentiment scores is larger, ways to lower extremely high negative sentiments are likely to be more effective. 
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Students’ Evaluation and Data 

As a thorough examination of the teaching and learning effectiveness of an educational course is by nature multifaceted, 
implying the multidimensionality of students’ evaluations, it is important to choose appropriate dimensions (i.e. factors) 
for that examination [24]. According to Marsh, the SEEQ demonstrated that student ratings were clearly 
multidimensional, quite reliable, reasonably valid, relatively uncontaminated by many variables often seen as sources of 
potential bias, and are seen to be useful by students, faculty and administrators [25].  

In this study, in order to identify the factors that affect students’ emotions about the capstone design curriculum, 
a survey was conducted at the end of capstone design for students enrolled in the course for eight years from 2013 to 
2020, based on the revised SEEQ questionnaire modified from the original SEEQ, which included ten factors in terms 
of the curriculum aspect, three factors in the teaching staff aspect and four factors in the students themselves aspect [4]. 

In terms of the curriculum aspect, ten dimensions (or factors) in the revised SEEQ were used, and the total number of 
question items was 41 as of 2020, more than 30 of the original SEEQ. For the evaluation of the teaching staff 
perspective, a total of five question items were related to enthusiasm, organisation and team interaction, and a total of 
12 question items referred to learning/value, enthusiasm, group interaction and individual rapport to evaluate students 
themselves. The questions were formulated using a five-point Likert scale, such as 1 (strongly agree); 2 (agree); 
3 (average); 4 (disagree); and 5 (strongly disagree). The authors of this article collected only the survey results from 171 
students who wrote capstone reviews from 2013 to 2020, and calculated the values, i.e. average values of responses to 
questions on related 17 factors in three aspects as shown in Table 1. 

Table 1: Sentiment/students’ survey variables and descriptive statistics. 

Variables Frequency Min Max Median Mean SD 

Sentiments 
Y1 Positive sentiment 171 0 8 2 2.66 1.91 
Y2 Negative sentiment 171 0 9 2 2.53 2.25 
Y3 Composite sentiment 171 -6 7 0 0.13 2.52 

Curriculum 

X1 Learning/value 171 1 5 2.6 2.65 0.62 
X2 Enthusiasm 171 1 4 2.6 2.47 0.59 
X3 Organisation of the course 171 1 5 2.5 2.58 0.67 
X4 Group interaction 171 1 4.25 2.25 2.37 0.63 
X5 Individual rapport 171 1 5 2 2.39 0.84 
X6 Breadth of coverage 171 1 3.5 2 2.04 0.61 
X7 Multidisciplinarity 171 0 6 3.33 2.72 1.02 
X8 Examination/grading 171 1 4.33 2.66 2.67 0.63 
X9 Assignments 171 1 4 2.33 2.25 0.64 
X10 Workload/difficulty 171 1 4.33 2.33 2.36 0.68 

Teaching 
staff 

X11 Enthusiasm 171 1 4 2 2.2 0.59 
X12 Organisation of the course 171 1 4 2.5 2.42 0.69 
X13 Group interaction 171 1 4 2 2.29 0.81 

Students 
themselves 

X14 Learning/value 171 1 4.25 2 2.13 0.61 
X15 Enthusiasm 171 1 3.33 2 1.94 0.56 
X16 Group interaction 171 1 3.66 2 1.93 0.54 
X17 Individual rapport 171 1 5 2 2.38 0.87 

Multiple Regression Analysis 

In order to analyse how and what factors influence students’ feelings about capstone design, the following multivariate 
regression model was constructed. The coefficients of 17 independent variables for each sentiment type were estimated 
using the Minitab 19 statistical software. 

Yi = β0 + β1X1 + β2X2 + . . . . + βnXn + εi              (1) 

RESULTS 

In this study, assuming 17 variables in three aspects about capstone design as factors influencing students’ emotions, 
a multivariate regression equation was estimated with a sample size of 171. However, the explanatory power and goodness of 
fit of the estimated regression equation were not good. Therefore, the forward selection method of the Minitab software was 
used to increase the explanatory power and goodness of fit by adding independent variables. Through this estimation process, 
as shown in Table 2, eight variables for the positive sentiment, five variables for the negative sentiment, and six variables for 
the composite sentiment have the best explanatory power and statistical fit for each sentiment regression. 
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Table 2: Multiple regression estimation for students’ sentiment types in regard to the capstone design curriculum. 

Positive sentiment Negative sentiment Composite sentiment 
βj t βj t βj t 

Constant 2.577*** 3.52 Constant -2.438** -2.04 Constant 0.138 1.02 
X1(Learning/value) 0.242 1.30 X1(Learning/value) -0.434** -2.02 X2(Enthusiasm) -0.492* -1.78 
X3(Organisation of

the course)
-0.401* -1.86 X7(Multidisciplinarity) 0.311 1.61 X3(Organisation of

the course)
-0.108 -1.39 

X5(Individual rapport) -0.319* -1.74 X10(Workload/difficulty) 0.268 1.40 X6(Breadth of coverage) -0.461* -1.88 
X7(Multidisciplinarity) -0.345** -2.18 X13(Group interaction) -0.277 -1.41 X8(Examination/grading) 0.424 1.61 

X9(Assignments) -0.207 -1.33 X15(Enthusiasm) 0.354* 1.69 X11(Enthusiasm) 0.285 1.40 
X11(Enthusiasm) 0.245 1.57 X13(Group interaction) 0.449* 1.90 

X13(Group interaction) 0.793*** 4.46 
X15(Enthusiasm) -0.386** -2.24 

Ad_R2 0.2104 Ad_R2 0.0877 Ad_R2 0.1289 
F 5.31*** F 2.38** F 3.03*** 

*p < 0.1, **p < 0.05, ***p < 0.01

Firstly, the factors that have a statistically significant impact on students’ positive sentiment about capstone design
include the organisation of the curriculum, individual rapport during the curriculum, multidisciplinary factors required
for the curriculum from the curriculum aspect, group interaction from the teaching staff aspect and lastly, students’
enthusiasm in terms of the students themselves aspect. What is noteworthy is that among these factors, the only factor
that has a positive effect on students’ positive sentiment about the capstone design curriculum is interaction with
teaching staff. Capstone design involves frequent and diverse forms of interaction between the head professor in charge
of the progress and operation of the curriculum, the advisors who guide each team, the course teaching assistants, etc.
Through this, students are provided with the necessary things, such as information, knowledge, know-how, material and
emotional support in order to proceed with their projects. Thus, this appears to have a significant impact on positive
emotions.

However, other than interaction with teaching staff, the remaining four statistically significant factors all have negative
effects on their positive sentiment about the capstone design curriculum. In terms of the curriculum aspect,
the organisation of the curriculum, human relationships within the curriculum and the required multidisciplinary
characteristics all have the effect of lowering students’ positive emotion. Unlike other curricula taught according to
a planned syllabus, capstone design is a student team-led learning process, so there are difficulties in progressing the
curriculum, which seems to have resulted in lowering students’ positive sentiment. In addition, the relationships
between students in inter-team- and intra-team-based collaborative learning are also considered to be an unfavourable
circumstance. Also, besides the knowledge of industrial management engineering, the requirement of knowledge in
other disciplines, such as computer science or survey skills or professional report writing, has the effect of lowering
their positive sentiment about the capstone design curriculum. Moreover, from the students themselves aspect, their
enthusiasm also appeared to be lowering their positive emotions. It is likely to be caused by inherent anxiety and worry
rather than favourable thoughts about the capstone design curriculum.

Secondly, the factors that are statistically significant in regard to students’ negative sentiment about the capstone design
curriculum are the learning value factor from the curriculum aspect and students’ enthusiasm from the student
themselves aspect. Table 2 shows a regression equation in which the negative sentiment increases as the negative
emotion score value increases. Therefore, factors with negative estimated coefficients have the effect of lowering
negative sentiment, which is the right direction to proceed.

The fact that the learning value factor through the curriculum is lowering students’ negative emotions indicates that
students have a sufficient emotional understanding of the learning value of capstone design. On the other hand, students
own enthusiasm shows similar results to the positive sentiment estimation. Rather than positive enthusiasm, anxiety and
worry when taking the capstone design curriculum seem to amplify negative emotions. Therefore, in order to reverse
this negative enthusiasm to a better one, it is necessary to make students aware of the various effects that can be
achieved through carrying out their capstone design project.

Lastly, the factors that have a statistically significant influence on the composite sentiment are the elements that induce
enthusiasm by the capstone design itself, the breadth of the project’s coverage and the group interaction with teaching
staff factor. To induce students’ enthusiasm by the curriculum seems to have a negative effect on their composite
sentiment due to the difficulty in the project’s execution and the unfamiliarity of capstone design. Moreover, it seems
understandable that the uncertainty and broad scope of the project would have a negative impact on the overall
sentiment toward the capstone design curriculum.

The group interaction with teaching staff had a positive effect, with statistically significant values, similar to the
positive sentiment regression estimation, and although it was not statistically significant in the negative sentiment
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estimation, it had the effect of lowering the students’ negative emotions about capstone design because its coefficient is 
-0.277. Moreover, the coefficient values of group interaction with teaching staff were relatively larger for the positive 
and composite sentiment estimation, i.e. 0.793 and 0.449, respectively, than other coefficients, indicating that this factor 
encouraged far more amicable feelings in students participating in the capstone design curriculum. Therefore, in order 
to effectively improve positive and overall emotions about the capstone design curriculum, more emphasis should be 
placed on strengthening group interactions with teaching staff, and constant efforts made to increase students’ 
understanding of the learning value of capstone design in order to lower negative feelings about the curriculum. 

CONCLUDING REMARKS 

Many studies have been conducted on various methods to improve the educational effectiveness of capstone design, 
but there are few studies on the emotions of students participating in capstone design curricula or the factors influencing 
those emotions. Hence, this pilot study was undertaken to examine the factors that influence the emotions of students 
who had experienced capstone design. The authors tried to quantify the emotions felt by capstone design students based 
on their reviews recorded after taking the course by using the sentiment analysis technique. 

In order to identify the factors that affect these emotions, a survey was conducted on students taking the course based on 
a revised SEEQ. Emotions were quantified by dividing them into three types such as positive, negative and composite 
sentiments. Also, a multiple regression analysis was performed for each sentiment type using the dependent variables of 
three emotional elements and the scores for each of the 17 factors evaluated through the survey as independent variables. 

Through multivariate regression analysis, it was found that several factors had various effects depending on the type of 
sentiment. However, a common characteristic is that the group interaction with teaching staff factor had a good positive 
effect on any type of students’ sentiment. In particular, it had a greater impact on the positive and overall emotions than 
other factors. The importance of interaction with faculty members was confirmed to be the most important factor not 
only in the educational effectiveness of the capstone design curriculum, but also in the emotions felt by students. 

Further, the authors were able to identify various factors that worsen the emotions of each type, and it is necessary to 
come up with a plan to improve the emotional effects caused by these factors. For example, awards for excellent project 
outcomes, improvement of the capstone design image through competitions, morale boosting by teaching staff, cheering 
events for teams, industry-academia co-operation support events, practical team and individual counselling systems for 
capstone students, students’ career support through utilisation of project outcomes to the industries, etc. However, 
detailed investigations on specific and diverse measures for each factor influencing the capstone design curriculum, 
as well as in-depth studies including a psychological approach to students’ emotions using sentiment analysis of text 
mining are necessary as further research directions.  

Despite the scope of this research being confined to a single academic field and the limitations of sentiment analysis 
techniques, the analysis approach and results of this study are expected to be widely applied and utilised in capstone 
design and other curricula in various disciplines. 
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