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ABSTRACT. The purpose of this study is to analyze the opinions of students by using the text mining to the good points and
improvements among the descriptive course evaluation written by the students who participated in the university chemistry
laboratory class, and to derive the improvement for the class. We analyzed the frequency of occurrence, co-occurrence and
network of key words. As a result of the study, in the network of good points in the class, the most frequent mentions were
made between class and professor, along with explanation, understanding, student, passion, fun, TA, experiment, help, etc. In
the network of improvements in the class, the most frequent mentions were made between class and student, along with pro-
fessor, content, explanation, exam, wish, experiment, understanding, difficult, thought, problem, etc. In other words, the stu-
dents suggested the opinion that the contents of the class were well understood and that they felt fun and satisfied with the
experimental process due to ‘easy and detailed explanation’ and ‘TA’s assistance’ as good points of the class. On the other
hand, the students suggested the negative opinions that the understanding and concentration in the class was decreased due to
‘difficulty of content and exam’, ‘excessive assignments’, and ‘class environment’ as improvements of the class.

Key words: Text mining, University chemistry laboratory class, Course evaluation, Course improvement, Network analysis
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Table 1. Type of Chemistry laboratory course

Type

General chemistry laboratory, Analytical chemistry laboratory,
Organic chemistry laboratory, Physical chemistry laboratory, Inor-
ganic chemistry laboratory, Polymer chemistry laboratory, Bio-
chemical laboratory, Environmental chemical laboratory, Food
chemistry laboratory, Industrial chemistry laboratory, Microbial
chemistry laboratory, Biochemical laboratory, Physiological and
biochemical laboratory, Bioenzyme chemistry laboratory, Clinical
chemistry laboratory
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Figure 1. Research Procedure.
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Table 2. Frequencies of Key Words
No Good point Improvement
' Key word Frequency Key word Frequency
1 Class 1182 Class 485
2 Professor 953 Experiment 237
3 Explanation 678 Exam 185
4 Understanding 480 Professor 172
5 Experiment 434 Student 170
6 Fun 341 Difficult 158
7 TA(Teaching Assistant) 313 Wish 127
8 Kindness 276 Explanation 121
9 Student 251 Understanding 104
10 Passion 233 Contents 101
11 Chemistry 191 Fast 81
12 Easy 188 Problem 80
13 In details 156 Hard 72
14 Assistance 153 Progress 70
15 Teaching 132 Assignment 64
16 Contents 96 Thought 59
17 Satisfied 84 Environment 58
18 Study 82 Lack 56
19 Problem 79 Theory 55
20 Difficult 79 Chemistry 53
21 Interest 78 Study 51
22 Theory 77 Easy 49
23 Question 75 Preliminary report 38
24 Exam 73 TA(Teaching Assistant) 37
25 Knowledge 68 PPT 37
26 Learning 63 That's too bad 35
27 Various 49 Need 34
28 Assignment 48 Take notes 30
29 Level 41 Score 28
30 PPT 41 Learning 26
31 Concentration 40 Teaching material 25
32 Thought 39 Collaboration 25
33 Best 39 Peer 21
34 Preparation 34 English 20
35 Attention 31 In details 19
36 Organizing 30 Concentration 19
37 Communication 29 Major 18
38 Beneficial 29 Participation 18
39 Feedback 29 Teaching 17
40 Take notes 25 Level of difficulty 17
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Table 3. Frequencies of co-occurrence of good points in class
Class  Professor Explanation Understanding Experiment Fun TA  Assistance Student Passion
Class 0 377 149 188 45 83 51 42 149 95
Professor 377 0 169 125 6 38 6 101 120 163
Explanation 149 169 0 215 71 22 65 73 71 19
Understanding 188 125 215 0 55 19 24 19 73 14
Explanation 45 6 71 55 0 66 82 26 25 1
Fun 83 38 22 19 66 0 16 4 7 8
TA 51 6 65 24 82 16 0 90 18 8
Assistance 42 101 73 19 26 4 90 0 17
Student 149 120 71 73 25 7 18 17 0 20
Passion 95 163 19 14 1 8 8 4 20 0

Table 4. Frequencies of co-occurrence of improvements in class

Class Experiment Exam  Professor Student Difficult Wish Explanation Understanding Contents

Class construction 0 30 66 152 163 26 65 76 53 129
Experiment 30 0 10 5 36 6 25 39 17 12
Exam 66 10 0 28 52 14 14 11 19 34
Professor 152 5 28 0 70 5 16 28 22 21
Student 163 36 52 70 0 6 38 28 35 18
Difficult 26 6 14 5 6 0 4 14 16 20
Wish 65 25 14 16 38 4 0 16 8 16
Explanation 76 39 11 28 28 14 16 0 34 19
Understanding 53 17 19 22 35 16 8 34 0 24
Contents 129 12 34 21 18 20 16 19 24 0
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Figure 2. Network analysis of good points in class.
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Table S. Network centrality
Good point Improvement
Key word Degree  Closeness  betweenness Key word Degree  Closeness  betweenness
Class 2,196 39 16.271 Class 1538 40 22.685
Professor 1,804 39 16.271 Experiment 394 51 9.203
Explanation 1,377 41 13.801 Exam 568 45 11.581
Understanding 1,279 39 16.271 Professor 603 41 20.716
Experiment 652 43 11.488 Student 806 41 19.960
Fun 353 46 9.845 It's difficult 166 47 10.525
TA(Teaching Assistant) 466 48 8.813 Wish 364 41 21.916
Kindness 471 48 5.336 Explanation 456 44 17.149
Student 777 42 11.372 Understanding 351 44 17.776
Passion 401 49 4414 Contents 492 41 23.919
Chemistry 709 44 8.904 Fast 61 61 1.611
Easy 377 48 5.590 Problem 329 46 11.014
In details 124 55 2.346 Hard 88 59 2.205
Assistance 387 43 11.051 Progress 172 52 5.293
Teaching 262 48 6.633 Assignment 221 53 9.059
Contents 681 41 11.993 Thought 578 42 20.454
Satisfied 65 61 0.614 Environment 153 58 2.757
Study 346 44 8.444 Lack 119 53 4.389
Problem 236 50 5.790 Theory 136 55 4.003
Difficult 186 51 4.098 Chemistry 330 50 7.956
Interest 195 49 5.979 Study 280 49 7.997
Theory 215 54 2.405 Easy 102 56 2.924
Question 224 49 5.947 Preliminary report 25 69 0.114
Exam 206 49 5.017 TA(Teaching Assistant) 95 57 4.674
Knowledge 184 51 3.919 PPT 68 63 0.999
Learning 47 58 1.863 That's too bad 66 62 0.943
Various 76 61 0.898 Need 115 53 6.994
Assignment 118 54 2429 Take notes 92 58 2.752
Level 115 56 2.599 Score 135 60 0.739
PPT 120 57 2.995 Learning 38 66 0.045
Concentration 166 51 3.446 Teaching material 125 58 6.927
Thought 251 49 5.578 Collaboration 21 56 6.626
Best 92 62 0.453 Peer 157 52 5.204
Preparation 136 55 3.167 English 51 62 0.539
Attention 88 57 1.336 In details 86 57 2.765
Organizing 85 57 1.493 Concentration 122 54 4.109
Communication 64 64 0.194 Major 201 56 2.625
Beneficial 51 62 0.828 Participation 54 63 1.454
Feedback 87 55 2.708 Teaching 81 56 2.900
Take notes 67 57 2.400 Level of difficulty 47 61 0.500
W&, A 59 @olE Bol duoey, =, 21 5 T, FA, aed, AZE s, of e, AT S =o'
o) ol 7} @ AAE o] AFE ACw a|HT 4 k. UEhdTh E3 24, 34, 294w, 9, 5w 5ol ©
shaf g sl AMHANA AAFAAC] B Tol o]l k2 FAA] ulstel AhHOR v FA Aol
Ll s, B, A7 AR U e 5 so® ek 3 vebget
Mok 2HFAAS 9, TRYYEAS Agold, STt AE £ $L AT ANES HaE FUE
A, ot 59 =22 YEpth viiSAd 2 WE, HasEH 2 o) gAE T4 BAoA= A4,
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