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11. Tém tit cac két qua méi cua ludn an:

- Muc dich va dbi tuong nghién ctru cua luan an: Ludn an hudng té1 muc ti€u dé xuét
cac phuong phap dam béo tinh cong bang cho cac hé théng hoc may (ML) trong linh vuc
giao duc, noi dir liéu thuong & dang bang va chira nhiéu thudc tinh nhay cam. Trong tam
nghién ciru 1a nang cao cong bang cho dong thdi nhiéu thudc tinh nhay cam ma van duy tri
hiéu suat mo hinh, déng thoi 1am ré mdi quan hé danh ddi gitta cong bang va hiéu suat
nham hd tro lya chon mé hinh tdi wu. Luan 4n tap trung phat trién ba phuong phéap chinh:
FairEdu (loai bé phu thudc giita dit liéu va thudc tinh nhay cam), DPF (c4n bang phan phdi
bang dir liéu tong hop), va FairEduPlus (tich hop hai hudng can thiép dé dam bao cong
bang hai chiéu). Ngoai ra, chi s6 danh doi giira cong bang va hiéu suat ciing dugc dé xuit
nham dinh lugng mbi quan hé nay mot cach hé théng. Déi tuong nghién ctru la cac mod
hinh hoc may ung dung trong gido duc, bao gdm Logistic Regression, Decision Tree,
Random Forest, Gradient Boosting va Neural Network co ban, dugc huin luyén trén div
liéu chira nhiéu thudc tinh nhay cam nhu gidi tinh, chung tdc, tudi, strc khoe, tinh trang ng
va noi 0.



- Phuong phéap nghién ctru: Lun an két hgp phuong phéap nghién ciru 1y thuyét va trién
khai thuc nghiém céc két qua thu dugc so v6i cac két qua mdi nhat trén thé giéi. Day 1a
phuong phap nghién ctru hién dai, c6 dg tin cay cao va dang dugc sur dung phé bién.

- Cac két qua chinh va két luan: Lun an di nghién ctru va phat trién cac phuong phap
dam bao tinh cong bang cho cic md hinh hoc méy trong giao duc, noi dit liéu thuong dang
bang, chira nhiéu thudc tinh nhay cam va mat cAn bang. Bén két qua chinh dat duoc gdom:
(1) Phuong phap FairEdu — k¥ thuat tién xtr Iy dwa trén hoi quy da bién, loai bo sy phu
thudc gitta thudc tinh nhay cam va dir liéu huan luyén, giup cai thién cong bang khi xét
ddng thoi nhiéu thudc tinh. (2) Phuong phap DPF (Data Partitioning Fairness) — st dung
k¥ thuét sinh di liéu tong hop (SDG) dé can bang phan phbi gitra cac nhom giao thoa, ting
tinh dai dién cua dir liéu, ti d6 nang cao tinh cong bang cho cic mé hinh hoc may ngay tir
khau tién xir Iy. (3) Phuong phap FairEduPlus — tich hop FairEdu va DPF thanh co ché can
thiép hai chiéu, vira hiéu chinh dit liéu, vira cin bang phan phdi, ddm bao cong bang toan
dién ma van duy tri hiéu suat 6n dinh. (4) Chi sé danh d6i — cong cu dinh luong méi quan
hé gitta cong béng va hiéu sudt mo hinh. Két qua thuc nghi€ém trén bon bo dit lidu gido duc
cho thiy cac phuong phap dé xuat giam rd rét chénh léch cong bang (DI, SPD, AOD, EOD)
trong khi van gitt hiéu sudt & mirc cao. V& y nghia, luin 4n dong gop mot khung phuong
phap lun méi cho nghién ciru cong bang trong hoc may, c6 kha ning md rong sang cac
linh vuc nhay cam khac nhu y té hodc tuyén dung. Tuy nhién, cac phuong phap hién méi
duoc kiém ching trén dit li¢u dang bang va can duoc tu dong hoa dé ap dung rong rai hon
trong tuong lai.

12. Kha ning ung dung trong thuc tién: (néu cd)

Céc phuong phap dé xuat nhu Fairedu, DPF, va FaireduPlus déu c6 thé truc tiép ap

dung cho cac cdc mo hinh hoc may trong linh vuc gido duc cé st dung dir li¢u dao tao

dang bang nham kiém tra va nang cao tinh cong bang cho hé thong.

13. Nhitng huéng nghién ctru tiép theo: (néu co)

Trén co s& cac két qua dat duoc, luan an dé xuat mot s dinh hudng nghién ctru tiép theo

nham nang cao hiéu qua va mé rong kha niang tmng dung trong thyc tién, bao gom:
- Mé rong pham vi dit liéu va mo hinh, bao gdm céc linh vuc ngoai gido duc (y té, tai
chinh) va cac mo hinh hién dai nhu deep learning, Transformer, nham danh gia kha
ning tong quat va mé rong cua phuong phap.
- Phat trién cac thudc do cong bang toan dién hon, dic biét cho trudng hop da thudce
tinh nhay cam, dong thoi hoan thién chi s6 danh d6i dé hd trg Iya chon mo hinh trong
thuc tién.
- Nang cao k¥ thuat sinh dir liéu tong hop cho cac tinh huéng mét can bang nghiém
trong hoac dir li¢u thua, nham cai thién dai dién cho cac nhom giao thoa.
- Xay dung khung cong bang tu dong, c6 kha nang phat hién, diéu chinh va danh gia
cong béng trén nhiéu loai dit liéu va mé hinh, giam phu thudc vao can thi€p thu cong.
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11. Summary of the new findings of the thesis:

- Research Objectives and Scope: The dissertation aims to propose effective methods
for ensuring fairness in machine learning (ML) systems applied to educational data, which
are typically tabular and contain multiple sensitive features. The focus is to enhance
fairness simultaneously across several sensitive features while maintaining model
performance, and to clarify the trade-off relationship between fairness and accuracy to
support optimal model selection. Three main methods are developed: (1) FairEdu — a
preprocessing method that removes dependencies between sensitive attributes and non-
sensitive features; (2) DPF (Data Partitioning Fairness) — a data-level balancing method
that uses synthetic data generation (SDG) to equalize the representation of intersectional
groups; and (3) FairEduPlus — a hybrid framework integrating both approaches to achieve
two-dimensional fairness (distributional and relational). In addition, (4) a trade-off index
is proposed to systematically quantify the balance between fairness and predictive
performance. The research objects are ML models commonly used in educational
applications, including Logistic Regression, Decision Tree, Random Forest, Gradient
Boosting, and basic Neural Networks, trained on datasets containing multiple sensitive
variables such as gender, ethnicity, age, health status, debt condition, and residence.



- Research Methods: The dissertation combines theoretical analysis with empirical
experiments, comparing the proposed methods against the most recent state-of-the-art
approaches worldwide. This is a modern and reliable research methodology, widely
adopted in contemporary Al and data science studies.

- Main Results and Conclusions: The dissertation investigates and develops fairness-
enhancing methods for machine learning models applied in education, where data are
tabular, imbalanced, and contain multiple sensitive features. Four major results are
achieved: (1) FairEdu Method: A multivariate regression-based preprocessing technique
that removes statistical dependencies between sensitive and non-sensitive attributes,
effectively improving fairness across multiple sensitive variables. (2) DPF (Data
Partitioning Fairness): A method leveraging synthetic data generation (SDG) to rebalance
the distribution among intersectional subgroups, thereby increasing the representativeness
of the training data, thereby increasing the representativeness of the training data, and
consequently enhancing fairness in machine learning systems from the pre-processing
stage. (3) FairEduPlus Method: A comprehensive, two-dimensional approach integrating
FairEdu and DPF to simultaneously adjust data features and group distributions, achieving
overall fairness without significant performance loss. (4) Trade-off Index: A new
quantitative measure that evaluates the balance between model fairness and predictive
accuracy. Experiments on four educational datasets demonstrate that the proposed methods
substantially reduce fairness disparities (measured by DI, SPD, AOD, and EOD) while
maintaining high model performance. In terms of contribution, the dissertation introduces
a systematic methodological framework for fairness assessment in ML, with potential
extensions to other sensitive domains such as healthcare and recruitment. However, the
proposed methods have been validated primarily on tabular data and still require further
automation to be applied widely in large-scale, real-world systems.

12. Practical applicability, if any:

The proposed methods, including Fairedu, DPF, and FaireduPlus, can be directly
applied to machine learning models in the educational domain that use tabular training data
to evaluate and enhance the fairness of the system.

13. Further research directions, if any:

Based on the achieved results, the dissertation proposes several future research
directions to enhance effectiveness and expand practical applicability, including:

- Extending the scope of datasets and models, including domains beyond education
(e.g., healthcare, finance) and modern architectures such as deep learning and
Transformer-based models, to evaluate generalizability and scalability.

- Developing more comprehensive fairness metrics, especially for multi-sensitive
attribute settings, and further refining the trade-off index to support practical model
selection.



- Improving synthetic data generation techniques for highly imbalanced or sparse data
scenarios, to enhance representation of intersectional subgroups.

- Designing an automated fairness framework capable of detecting, mitigating, and
evaluating fairness across various data types and models, thereby reducing reliance on
manual intervention.
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