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COURSE PREREQUISITE NETWORKS FOR ANALYZING AND UNDERSTANDING ACADEMIC CURRICULA
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Research Mission

Understanding a complex system of relationships between courses is of great importance for the university’s
educational mission. We study course-prerequisite networks (CPNs), where nodes represent courses and di-
rected links represent the formal prerequisite relationships between them. The main goal of CPNs is to model
interactions between courses, represent the flow of knowledge in academic curricula, and serve as a key tool for
visualizing, analyzing, and optimizing complex curricula. We show how course-prerequisite networks can be
used by students, faculty, and administrators for detecting important courses, improving existing and creating
new courses, navigating complex curricula, allocating teaching resources, increasing interdisciplinary interac-
tions between departments, revamping curricula, and enhancing the overall students’ learning experience. The
proposed methodology is illustrated with a network of courses taught at the California Institute of Technology:.

Centrality Measures

e In-degree: measures how specialized a course is
e Qut-degree: measures how fundamental a course is

e PagreRank: measures how fundamental a course is and favors more ntroductory courses

e Betweenness: identifies intermediate-level courses that bridge less and more advanced courses

ME 174
Ge 163
AM 165
ME 163
CE173
Ae 160 ab Ph 232 Ph 236 abc
CE 108 Ph 230 abc Ph 235ab
ME 266 ab
Ae 265 ab MS 162
< ChE 115 Ph 205 abC
Ae 223 CE108ab  ChE 128 ChE 165 Ph 219 abc Ph 250
Ae 220 ChE 120 APh 114 abc
Ay 121
A ChE 63 ab
& Ae 102 abc ME260  chEais APhagoabc -~ Phazs .
Ae 165 ab ChE 126 ChE 152 APh 256 >
Ae 218 Ae 214 ChE 130 APh 138 ab M
Ae 118 ChE 103 abc - PPh Ay 123
Ae 242 A 6
Ae 205 ab Ph 118 ab I 2 5 a g y 12
Ae 105 abc MedE 243 C h E 101 MS 161 APh b hE164
Ay 190 Byabc Ay 105
MS go Y19 MS
Ae 120 133 Ph 137 abc
Ae 215
ME 12 abc Ph 199
ME 72 ab ChE 10 ChE 112 Ay 125 ff Ay 102
ME 14 CE112ab 205 Ph 21 7. EE 158 APh 24 139
22 A
M ME 119 M52k MS 121 Ph77abc Aph 156 abc y 211
23/123 il ME 11 abc ChE 142 MR Ay 101
13/113 ME 5o ab
5 MS 166 MS 115 4 APh 23 Ph 136 abc
Ae 233 - & Ge137 Ay 12
Ae 251 ab APh 115 EE 151 aEh 106 s I:)Aénz abc Yy 124 Ph 203
Ae 101 a bC Ae 232ab Ae1sg - EE157 Ph 237
ME 146 h ChE1s
Ae 204 ab ChE 62AP 17 bc
APh 116 Ph
Ae 239 ab P CS13 177 Ay 20
Phsoab EE115 Ph8bc
AP APh 112 ab\ > ChE 141 Ay 21 Chas d
Ae241  Ae 104abCME 202 abc \ 5 e 215
Q CS1asg BE 161 N A Ch 125 ab
A b C M ab\ Cha22
& 10_0 PRgpC Chi2g
& . ACM 101 ab o~ ce Ph7 Ph 12 ab / Ch 226 Ge152  Gemsb Gensh
EE 90 EE 113 w? Ge 117 = \ h 2 a b C ChE 114
ACM 257 CS176 \ Ay 104 Ge 212
AM 127 RN ACM 210 Ch X Ge114a Ge1igc
121a
EE153  EEgr  EE 45 ChE 174 csa6 | ACM206 Ge 118\
ACM 256 Ph 105 Ge 11 ¢ Ge 214
CS11 €574 L[ Ph 129 a Ch 213 abc Ge 116
EE 124 ChE1s1ab CS12 ME 115 ab _Ph229 abc e ) \n / /Ch R
SRR N p
Ch120ab
ACM 201 EE 44 cs 171 x / EE 126 ab *
————Ge107 \ \\ Eax Ch1s3 abc
ChE 188 . S
CS111 C EE 55
) —ACM 11 < 7 e, Chas
e162 EE 114 ab ~EE 135 NN EE 164
e , \\ - ACMas4 ACM 104
Ge 270 . _— -
Bi192
Gea2s : Ma 2/1 cE 1z AGinsy [ Chashed
Ge 106 Ge 16 CS121 Ge1ad b 4 / N\ EE 163
4 V4 I/ <L
Ge 161 / ACM 170
c ) Ge 177 S22 Va AVANNES a 3/103 ma maab EE 111
- €S 123 / CS120 CMS 122 N w5 ACMazg T 228@b
Ge11ia \ )
Ge120 > Csuzo G 156 ab ] \ N .. ACM 116 £E 160
157
BE CD
Ge120b Ge 112 Ge11ib CS ) / l 4 \ CS 165 S131 EE 112
CS152 ACM 217
Ge124b CS178 CS5122 EMS v CMS 117
Ge 122 abc CS 143 IDS 126
/ EE 167 CS 166
Ge 136 abc ChE 163 ) CMS 144 CDS 110 Ae1o3ab T~
_ CSas9 | €S 162 IDS158— _ CMS 107 ACM 118 ESE 177
Ge 101 BE 159 Bi183 | CMS 155 ACM 105
Ma 6/106 abc
CS137 CS3 CDS 112 EE 136 Ch 21 CDS 232
b CS 21 Chaab 5
BE 103 Ch g4 ab S CDS 233
CS 38
5 P 3 CDS 190 CDS 90 abc Ch112 CDS 231
141
Bi158 3 cs 24 CS 153 ESE 171 Ch 41 abc CDS 244
BE 150 Ch 102
Chaa BE 205 Ae 115 ab Ch1gs Ch147
BE 153 CS101 & Chass ‘& CDS 242
Bi1x
CS1i2 CS1i151
Bi 188 Bi1ay . 4 CS 142 5 ESE 172 Chis49 Ch242ab
as Bi1gs CS 150 ab Chsab Ch 247
i
. Bi122 Ch 110 B Ch 212 Ch 4 ab
Bi190 Bi1 ch Ma 132 abc
: BMB 178 ESE 142 104
Bilg BMB 170 Chis Ge 143 Ma 140 ab
_ . Chs8
Bi182 B, Bi222 Ma 109 abc Ma 130 abc
Bi189 BMB 174 Ma 121 ab Ma 157 abc
Biis5a EE 119 abc Chag Ch3x Ma 151 abc Ma 120 abc Maa3gab
Bi160 ESE 168 Ma 108 abc
Bi1o Chg Ma 147 abc Ma 128
Bi116
Bi 118 e EREgb Ge 178 s " Ma 160 abc
ESE 166 Ma 123 a124
CNS 187 Ma 5/105 abc
NB 164 NB 155 e ESE 130 Ma 162 ab
Ma 145 abc
NB 150 M@ ™ Ma 116 abc Ma 118
NB 154 CNS 102 ab ESE 133 ESE 132
NB 220 Ma 142 ab Ma 110 abc Ma111abc
CNS 247 EsEi38 ESE131 Ma 125 a110 abc
NB 163 NB 152 ESE 101
ESE 156
N> ESE 137 ESE 102
ESE 136
ESE 134
Ge155  ESEa3s
Ge 149

Freshman Math

Physical Chemistry

Differential Equations

Differential Equations

Quantum Mechanics

Methods of Applied Mathematics

Freshman Physics

Sophomore Physics

Freshman Math

Intro to Programming

Methods of Applied Mathematics

Molecular Biology

Freshman Chemistry

Algorithms

Intro to Probability

Molecular Biology

Probability Models

Sophomore Physics

Organic Chemistry

Differential Equations

Quantum Mechanics

Sophomore Physics

Intro to Computational Science

Organic Chemistry

Methods of Applied Mathematics

Analytical Sophomore Physics

Freshman Physics

Quantum Mechanics

Classical Physics

Probability Models

Data Structures & Algorithms

Applied Linear Algebra

Freshman Chemistry

o = S| O 00~ O Ul | W o]

Intro to Abstract Algebra

Fluid Mechanics

Intro to Programming

Interdependence Analysis

Let A be the set of all areas of study within the university. Let C, C
G be the set of all courses in area a € A. Furthermore, let C.™ be
the multiset of all postrequisites of C,. Finally, let C' C CI be a
multisubset consisting of courses in C;” whose area of study is a’ € A.
To measure the dependence of area a’ on a, we define:
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MoOST IMPORTANT AREAS OF STUDY

OUT-DEGREE PAGERANK | BETWEENNESS
1 Math Math Biology
2 ACM ACM ACM
3 Physics CS Aerospace
4 CS Physics Chem Eng.
5 Chemistry CMS Chemistry
Summary

To summarize, a CPN is an indispensable tool for summarizing, visu-
alizing, and analyzing an academic curriculum. It can help to better
understand and revamp the curriculum, detect important courses, 1m-
prove existing and create new courses, meaningfully allocate teaching
resources, increase interdisciplinary interactions between various uni-
versity units, and enhance the overall student learning experience.
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