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Measuring college students’ multidisciplinary learning:
a novel application of natural language processing
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Abstract

Using data from approximately 342,000 course-taking records collected from 4406 col-
lege students enrolled at Taipei Tech during the 2009-2012 academic years, we examine
the impact of multidisciplinarity on students” academic performance, Our study contributes
to the literature in three ways. First, by applying natural language processing (NLP), we
analyze course descriptions of 375 subject areas from the Classification of Instructional
Programs and measure the pairwise distances among them. Second, based on the course-
taking records and the subject area distribution, we measure each student’s degree of mul-
tidisciplinary learning using a proposed weighted entropy formula. Third, using the pro-
posed multidisciplinary index, we find that the impact of multidisciplinary course-taking
experience on individual students’ academic performance varies across academic fields. In
the college of engineering, the college of electrical engineering and computer science, and
the college of mechanical and electrical engineering, a higher level of multidisciplinarity is
associated with a higher average weighted GPA in core courses. However, a positive asso-
ciation does not exist for students in the college of management.

Keywords Multidisciplinary learning - Natural language processing - Academic distance -
Institutional research - Learning outcomes
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Does geodemographic segmentation influence higher
education opportunity? A spatial investigation of enrollment
at one Taiwanese university

Yuan Chih Fu' ™ - Frank Fernandez® - Jui Hung Kao® - Kuo Hao Tseng*

Accepted: 10 January 2022
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Abstract

Complexity theory suggests that educational research should consider students’ commu-
nity contexts, because individual students’ outcomes are interrelated with community char-
acteristics. While some prior Iiterature finds that higher education enrollment choices are
influenced by geography, scholars have largely overlooked the importance of peography
and community-level characteristics in admissions outcomes, especially in countries with
distinct segments of academic and vocational universities. In this study, we adopt a geo-
spatial perspective to examine the spatial distribution of student enrollments at a highly
selective Taiwanese technological umiversity, Taipei Tech. Geocoding students’ home
addresses, our dataset includes geodemographic characteristics and university enroliment
data for villages thronghout Taiwan. Our analysis shows that geodemographic segmenta-
tion of enrollment patterns is only partially driven by socioeconomic conditions of villages
and primarily driven by geographic proximity. We also confirm that spatial clustering is
evident and that it influences enrollment patterns. Additionally, we provide evidence of a
spatial spillover effect: after controlling for village-level characteristics. we show that a vil-
lage tends to have more students enrolled at Taipei Tech when nearby villages have more
students enrolled at Taipei Tech. Although universities such as Taipei Tech have adopted a
non-traditional admissions policy to increase diversily, we show that students from remote
villages rarely used the policy to enroll at Taipei Tech. Conversely, villages with more well-
educated residents were more likely to benefit from the non-traditional admission pipeline.
Our findings suggest that offering alternate admissions policies may only partially address
challenges related o the geography of opportunity.

Keywords Geodemographic segmentation - Enrellment management - Spatial autoregress
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Table 2: IPC Code under Semiconductor Industry

Industry Code 2611 2612 2613
IPC relevant Integrated circuit Discrete component  Semiconductor
manufacturing manufacturing packaging and
testing industry
1 HOIL HOIL HOIL
2 GO6F HOSK GO3F
3 Gl11C B24B GI1C
4 HO4N C23C GOIR
5 HO04W GO6F GO6F
6 HO4L HO5B HO5K
7 H04B HO2K B24B
8 HO3M GOIN GOIN
9 HO3K B24D C23C
10 GO3F B29C G02B

Source: Taiwan Intellectual Prosperity Office (2022)

Table 5: Classification of Semiconductor-Related Papers Using GPT-4.0

Confidence Semiconductor Non-semiconductor

score Freq. Percent Cum. Freq. percent Cum.
| 0 0.00% 0.00% 0 0.00% 0.00%
2 0 0.00% 0.00% 0 0.00% 0.00%
3 3 0.03% 0.03% 0 0.00% 0.00%
4 13 0.14% 0.17% 0 0.00% 0.00%
5 29 0.31% 0.48% 0 0.00% 0.00%
6 185 1.96% 2.44% 7 0.03% 0.03%
7 1,422 15.07% 17.51% 193 0.80% 0.83%
8 1,919 20.34%  37.84% 2,482 10.33% 11.16%
9 4,825 51.13% 88.98% 9,122 37.95%  49.11%
10 1,040 11.02% 100% 12,232 50.89% 100%

Total 9436 100.00% 24036 100.00%
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Table 7: Language Model Training and Vahlidation Performance Metrics

Ratio: 9:1 Precision Recall fl-score Support
Model Semiconductor 0.89 0.88 0.88 403
Training Non-semiconductor 0.96 0.96 0.96 1,269
Accuracy 0.94
Model Semiconductor 0.88 0.89 (.88 3.891
Validation ~ Non-semiconductor 0.97 0.96 0.96 12,845
Accuracy 0.95
Ratio: 8:2 Precision Recall fl-score  Support
Madel Semiconductor 0.90 0.81 0.85 774
Training Non-semiconductor 0.95 0.97 0.96 2.573
Accuracy 0.93
Model Semiconductor 0.90 0.82 0.86 3,891
Validation  Non-semiconductor 0.95 0.97 0.96 12,845
Accuracy 0.94
Ratio: 7:3 Precision Recall fl-score  Support
Model Semiconductor .86 0.%9 .88 1,156
Training  Non-semiconductor 0.97 0.96 0.96 3,865
Accuracy (.94
Muodel Semiconductor 0.86 0.90 .88 3891
Validation  Non-semiconductor 0.97 0.96 0.96 12,845
Accuracy 0.94
Ratio: 6:4 Precision Recall f1-score Support
Muodel Semiconductor 0.88 0.90 0.89 1,578
Training  MNon-semiconductor 0.97 0.96 0.96 5,116
Accuracy 0.95
Model Semiconductor 0.86 0.89 0.88 3,944
Validation  Non-semiconductor 0.97 0.96 0.96 13,409
Accuracy 0.94

Table 8: Number of Scientific and Semiconductor-related Publications in Taiwan
Higher Education, 1980-2019

Number of Scientific

Number of Semiconductor-

Year Publications related Publications Percentage
1980 288 35 12.15%
1985 826 93 11.26%
1990 2,694 268 9.95%
1995 6,647 827 12.44%
2000 10,675 1,306 12.23%
2005 20,937 3,282 15.68%
2010 34,214 5,043 14.74%
2015 32,166 4,140 12.87%
2019 32,292 3,591 11.12%
Total 609,325 81,896 13.44%
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Figure 1: Time Trends of Academic Engagement and Patent Output
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BEHER
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RTEIEE %
FESEEE 2
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BUBE %
RiRtt g2
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TSR
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SL/HZF SR

dept_name

HET 2159 (FHIR R EERR R4 EE)

dept_name_en

Department of Human Resource Development

Department of Human Resources and Public Relations
Department of Human Resource Management and Development

ALEESE R Department of Artificial Intelligence
N LEEERS % Department of Applied Artificial Intelligence

s

S

Department of Humanities and Social Services
Department of Humanities and Social Sciences
Department of Interdisciplinary Studies in Humanities and Technology
Department of Humanities and Education

Department of Humanities and Informatics

Department of Human Development and Psychology
Department of Human Development and Family Studies
Department of Human Development

Department of Anthropology

Department of Oral Health Care

Department of Oral Hygiene

CIP & RBIEZZZ EGat L (NCES) BHSRHVZ AR TR > [EZ
FI & 3 E SR 2UE 4R T b 72

CIPFamily CIFCode

1 01

01 01.00
ol 01.0000
0l 01.01
0l 01.0101
0l 01.0102
0l 01.0103
ol 01.0104
ol 01.0105
0l 01.0106
0l 01.0199
1 01.02
ol 01.0201
ol 01.0204
0l 01.0205
0l 01.0207
1 01.0299
01 01.03
ol 01.0301
0l 01.0302
0l 01.0303
1 01.0304
0l 01.0306
ol 01.0307
ol 01.0308
0l 01.0309

CIPTitle

CIPDefinition

AGRICULTURAL/AANIMALFLANT/VETERINARY Instructional programs that focus on agriculture, animal, plant, veterinary, and related sciences and that prepares individuals to apy

Agriculture, General.

Agriculture, General,

Agricultural Business and Management.
Agricultural Business and Management, General.
Agribusiness/Agricultural Business Operations.
Agricultural Economics.

Farm/Farm and Ranch Management.

Instructional content is defined in code 01.0000.

4 program that focuses on the general princi]l-les and pra_l:tice of agricultural research and production and that may prepare indivic
Instructional cottent for this group of programs is detined in codes 01.0101 - 01,0199,

4 general program that focuses on modern business and economic principles involved in the organization, operation, and manage
4 program that prepares individuals to manage agricultural businesses and agriculturally related operations within diversified corp
4 program that focuses on the application of economics to the analysis of resource allocation, productivity, investment, and trend:
& program that prepares individuals to manage farms, ranches, and similar enterprises, Includes instruction in applicable agriculty

Agricultural/Farm Supplies Retailing and Wholesalin 4 program that prepares individuals to sell agricultural products and supplies, provide support services to agricultural enterprises,

Agricultural Business Technology/Technician.
Agricultural Business and Management, Other.
Agricultural Mechanization.

Agricultural Mechanization, General,
Agricultural Power Machinery Operation,

& program that prepares individuals to perform specialized support functions related to agricultural business offices and operation:
Any instructional program in agricultural business and management not listed above.

Instructional content for this group of programs is defined in codes 01.0201 - 01.0299.

4 program that generally prepares individuals to sell, select, and service agricultural or agribusiness technical equipment and facil
& program that prepares individuals to operate specialized farm, ranch, and agribusiness power equipment of a stationary, mobile,

Agricultural Mechanics and Equipment/Machine Tec & program that prepares individuals to maintain and repair specialized farm, ranch, and agribusiness power equipment and vehicle

Iirigation Management Technologw/Technician.
sgricultural Mechanization, Other.

Agricultural Production Operations.
Agricultural Production Operations, General.
Animal/Livestock Husbandry and Production.
Adquaculture,

Crop Production.

Dairy Husbandry and Production.

Horse Husbandry/Equine 3cience and Management.

Agroecology and Sustainable Agriculture.
Viticulture and Enology.

£ program that prepares individuals for emplovment in the field of agricultural technology and irrgation. Includes instruction in i
Any instructional program in agricultural mechanization not listed abowe.

Instructional content for this group of programs is defined in codes 01.0301 - 01.0399.

& program that focuses on the general planning, economics, and use of facilities, natural resources, equipment, labor, and capital 1
& program that prepares individuals to select, breed, care for, process, and market livestock and small farm animals, Includes inst
4 program that prepares individuals to select, culture, propagate, harvest, and market domesticated fish, shellfish, and marine plan
£ program that prepares individuals to cultivate grain, fiber, forage, oilseed, fruits and nuts, vegetables, and other domesticated pl:
4 program that prepares individuals to manage the selection and care of dairy animals and associated dairy farm and processing f:
4 program that prepares individuals to manage the selection, breeding, care, and maintenance of work, athletic, and show horses;
4 program that focuses on agricultural principles and practices that, over the long term, enhance environmental quality, make effic
Maved from 01.0309 to 01.1004
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Tool: LangChain
Technique: RAG

FEZ%KLLM(e.g. GPT model)

HOILRMTE ?

+
s s - RAG(f b8 5 A )

o EEPH S R TS ) .fﬁﬁgmﬂ%f
- EERKEE S HLE EESEEE

R PLT i mapa A | £ i T

prompt = f'""'
You are an expert in matching academic departments with CIP codes.
Each department name is provided in English, and your task is to identify the most relevant match from a dataset containing CIP t
Evaluate the matches based on:
1. Semantic relevance to the department name. 3in
2. Matching of key terms in the department name with the CIP title and definition.

Respond only in JSON format: AG
i

“dept”: "{dept_name_en}",

“title": "Most Relevant CIP Title",
“"def": "Most Relevant CIP Definition”,
"confidence": "A confidence score between 1 and 10 representing your certainty about the match”

“dept_name",
"dept_name_en"
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RAG(Retrieval-Augmented Generation)

A I L L 1= {4
dept_name | rank contant | dept CIFTitle CIPDwlinition confidence!
¥ |De'paﬂ'mem of Hnmen Rezonees Development 1 Human Hesonress Dewelopment.: A 7 Departmenfuman Resonrees Development A propram that prepares mdividnals to 2pp 1
# Deparimeni of Hnman Reseoros Develop ment 2Human Ressoroas ManasgamentFarsc DepartmeniHuman Resenrcer Development A program thal prepares individnals 4o app 1
b Department of Hnman Resoures Development 3 Human Davelon ment and Family S DepartmenfHuman Resonrces Develormexnt A propram that prepares individmals to ap 1
» Department of Human Resonroe Development 4 fiorkbores Develapment and Treunin Depscimengduman Eesonsces Development A program that peepares individnals o app 10
i Department of Hnman Rescnres Development 5 Labar and Indmsteial Ralations.: & e Departmenfusian Resonreze Developmant A peopram that prepares individnals to apid 10
* Department of Homan Reseores Development G fen] Betate Development.: & pregrar DepactmenfHu man Keseurces Development 18 program thal prepares individwals to apipd 1
¢ 'Depariment of Human Resoores Development T Diciver and Jafety Teacher Edweation Departmengluman Resonsces Development A peogram that prepazes individeals 1o 2op o
+ Department of Homan Ressnees Development & Human Centered Technalagy Design Depectmenguman Reseurees Development A pregram that prepares mdividuals to app 1a
0 Dapariment of Homan Bescoree Devwlopment 9 Pipital Homanitiee,: A propram thal DepacimengHuman Eescurces Devalopment. 14 program that prepares ndividvals 4o apr 1
| Department of Humen Resonres Development 10 Pata MedelmgWarshensing and Dat Departmenfuman Besonrees Development LA prepram that prepares individnals to apd 10

2 Daparimant of Human Fescoress and Public Balal
% Department of Hnmen Rescoress snd Fublic Relat
4 Departoent of Himen Resonress and Public Relat
5 Department of Homean Reecoress and Fublic Relat
£ Dapartmeni of Homen Reseoros snd Public Relat
T Depariment of Human Rescorcss and Public Relat
% Department of Homen Resonem and Public Relat
% Dapariment of Human Reseorses and Public Balat
01 Depertment of Homan Resoneess snd Public Relat
| Depariment of Human Resenress and Public Belat

2 Pelitical Communication.: A progran Departman Human Resourses Managemant/Farsennel Administration, General,
9 Health Infovmationhdedscal Recards Depectmen Human Resonrces WanagementFarsonnel Adminstration, General.
10 Information Resources Management, Departman Human Resourzes ManagemantFarsennel Adminstration, General,

1 Human Rescnrcas ManagamentiFers: Depariman Human Resonrces Manage mentiParsonnal Ad minslabion, General,
2 Human Ressmrese Develepmant.: A rDeparimen Humen Resonrces Management/Farernnel Adminsetration, General,
2 Publis Relations/Tmage Mandgement, Departmen Human Resonrces ManagementPersonnel S4ministration, Geverl,
4 Receptionist.: A propram that prepar Departmen Human Resonrces Mane gement/Farscnnel Adminstration, General,
5 Labar and Indostrial Relatiens, s & pr Depecimen Human Resourees Manage ment/Feisennel Adminstration, General.
5 Public Works Management.: A progr Depacimen Human Resomrces Management/Parsonnel Administration, General,
7 Pablie Health Edueation and Promati Depactmen Human Resourees MansgementPersennel Adminstration, Ceveral,

A propram that gensmlly prepares inderduat
& propram that generally prepares individuss
& peogram thal genecally prepaces ndividuss
A propram that generslly prepares jmd'm'.dua%
B pregram that genecally prepares imdw-.idua'S
A propram that pensrally prepares imdividua%
A pragram that genecally prepares individus®
A peogram that ganecally pragaces individuss
A propram that generally prepares inderidust
A program that ganacally prapares imdwjdua:S

e AR RBLRY

=" TECH National Taipei University of Technology

Bt AALITEE

Taiwan Association for Institutional Research

Transforming higher education with

Generative Al

Dr. Yuan Chih Fu

Director, Graduate Institute of Technological and Vocational Education
Secretary-General, Taiwan Association for Institutional Research.
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WiY SO MANY
STUDENTS WITHDRAWIN?

* Why Do Students Drop Out?

* When a student decides to drop out, the meaning differs for each
stakeholder:

* For the student: it marks a major change in life trajectory — a turning
point that may affect their confidence, opportunities, and future direction.

* For faculty members: it means fewer students in class and potential
challenges in sustaining certain courses or programs.

* For institutional researchers: it might first appear as just another data
point or percentage — but behind every number is a personal story.

* For university presidents or administrators: it translates into the loss of
tuition revenue and, more importantly, a signal of something deeper within
the system.

* But hold on — do we really know why students drop out?
Can we rely solely on questionnaires or exit surveys?

* Hold on again — our true purpose should not be only to understand why
they drop out, but to prevent it by offering timely, proactive support.
If the support mechanisms already exist, our focus must be on continuously
improving them — not waiting until it’s too late.
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Data Ingestion
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Qarant Vector
Store

On form submission

Embeddngs Oltama

Data Loader
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Text Spitier

RAG Chatbot
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.

Wnbhook
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OpenRouter Chat
Model
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Qarant Vector
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Webhooks

Custom webhook

=

Google Sheets -

Add a Row
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*Students are able to obtain the information
they truly need.

*The university can address students’
difficulties in a timely manner, before it's too
late.

*The university can accurately and promptly
identify the real reasons behind student
withdrawals.

*The university will enter an era of a
truly intelligent campus — one that
integrates institutional information,
student data, and organizational action.
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TECH National Taipei University of Technology

“What Would Happen If We Did This?” — From
Causal Inference to Agent-Based Modeling and the

Predictive Revolution of Large Language Models

Dr. Yuan Chih Fu

Secretary-General, Taiwan Association for Institutional Research (TAIR)
Department Chair, Graduate Institute of Technical and Vocational Education,

National Taipei University of Technology
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