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Sie phat trién nhanh chéng ciia cong nghé so dang thic ddy viéc
tich hop cdc tiéu chi phdt trién bén viing vdo thiét ké giao dién
nguoi dimg (User Interfaces, viét tit la Ul), nham t6i wu héa tdi
nguyén, giam tiéu thu ning heong va han ché tic dong dén moi
truong. Nghién ciru nay tdp trung vao viéc phan tich xu huong Ul
bén ving, moi lén hé cua UI va cdc muc tiéu bén ving cia Lién
Hiép Quoc (Sustainable Development Goals, viét tat la SDGs),
dong thoi dé xudt cdc mé hinh thiét ké Ul vdo thue tién ciia cdc linh
viee €6 lién quan dén my thudt img dung. Diea trén phiong phdp
phdn tich thu muc va phdn tich tie khoa ti dir liéu Scopus, nghién
citu d nhdn dién nam nhém tiéu chi chinh trong thiét ké Ul bén
vitng. Két qua nghién citu chi ra cdc tiéu chi quan trong givip gidm
phat thai carbon va 16i wu héa hiéu sudt hé thong dé phdt trién mot
nén tang UI than thién véi méi treong, o thé gop phan dé xudt
hueéng tiép cdn hiéu qua givip cdc nha thiét ké va doanh nghiép dp
dung UI bén vitng trong linh viec my thudt tmg dung.

ABSTRACT: The rapid advancement of digital technology is driving the
integration of sustainable development criteria into user interface (UI)
design to optimize resource utilization, reduce energy consumption, and
minimize environmental impact. This study focuses on analyzing
sustainable Ul trends, the relationship between Ul and the Sustainable
Development Goals (SDGs), and proposing Ul design models for
practical application in fields related to applied arts. Based on
bibliometric analysis and keyword analysis from Scopus data, the study
identifies five key criteria for sustainable Ul design. The findings indicate
that these critical criteria contribute to reducing carbon emissions and
optimizing system performance to develop an environmentally friendly Ul
platform. This research provides an effective approach for designers and
businesses to adopt sustainable Ul practices in the applied arts sector.
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1. PAT VAN PE

Trong bdi canh chuyén doi sb va su phat
trién manh mé& cua cong nghé, thiét ké giao dién
nguoi dung (UI) dong vai trd quan trong trong
viéc nang cao trai nghiém nguoi ding (UX) va tdi
wu hoa hiéu suat hé théng. UI khong chi dam bao
tinh thAm m§ va tinh tuong tic ma con anh huong
dén muc do tiéu thu tai nguyén, tir d6 tac dong
dén méi truong va tinh bén vimg cua cic hé
thong sb. Trong thiét ké giao dién nguoi ding
(UI), ngoai viéc toi uu hoa giao dién dé nang cao
tinh thAm my va chirc ning, con can chu trong
dén trai nghiém nguoi dung (UX). UX dé cap dén
cam gidc va trai nghi€ém ma ngudi dung c6 dugc
khi twong tadc voi mot giao dién, trong khi UI la
cach thic giao dién d6 duoc thé hién va xay
dung. Mic du Ul thuong dugc nhic dén véi cac
yéu t6 nhu mau sic, bd cuc, va kha ning twong
tac, nhung UX lai tap trung vao cam gidc tong thé
ctia ngudi ding, bao gdbm su dé dang va sy thodi
mai khi sir dung giao dién. Ca hai yéu té nay déu
dong vai trd quan trong trong viéc tao ra cac nén
tang bén vimg, t6i tu hda hidu sut va giam thiéu
tac dong dén moi truong. Phat trién bén viing
(Sustainable Development) khong con gidi han
trong cac linh vyc truyén thong nhu ning lugng,
giao thong, hay san xudt ma dang mé rong sang
cong nghé¢ thong tin, dac biét trong thiét ké UL
Cac nghién ctru gan day da chi ra thiét ké UI c6
thé dong gop vao muc tiéu phat trién bén viing
thong qua toi wu hoa tai nguyén, giam tiéu thu
nang luong va huéng dan hanh vi nguoi ding
theo huong c6 trach nhiém hon. Tac gia Tim
Frick dd néu luan diém trong tai liéu “Designing
for Sustainability” vé “Thiét ké bén viing khong
chi 1a giam tac dong mdi truong, ma con 1a tao ra
nhiing tuong tac cd y nghia va lau dai gitra nguoi
dung va giao dién” [2]. Tuy nhién, vi€c tich hgp
cac nguyén tic phat trién bén vimg vao thiét ké
UI van 1a mét thach thic do thiéu cac phuong
phép thiét ké t6i wu. Trong tac pham “Sustainable
User Interface Design” tac gid Silberschatz &
Galpin d néu 1én “Thiét ké giao dién ngudi ding
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bén vitng vuot qua ca yéu td thim my va chirc
nang; nd bao gém viéc tao ra cac hé théng co
trach nhiém v&i moi trudng, bao gém xa hoi va
c6 tinh kinh t&” [6]. Nghién ctru ndy nham phan
tich cac xu hudng UI bén vitng, danh gia vai tro
ctia UI trong viéc hd tr phat trién bén vimg va dé
Xuét cac giai phap thiét ké giao dién so than thién
v6i moi truong.
2. NOI DUNG
2.1. Muc tiéu va phwong phap nghién ciru
2.1.1. Muc tiéu nghién cuu

Thir nhat, nghién ctru tip trung vao viéc
nhan dién cac xu hudng chinh trong thiét ké UI
bén vimng, bao gém tdi uu hoa tai nguyén giao
dién, giam thiéu tiéu hao ning lugng va cai
thién hiéu suat hé thong. Cac xu hudng ndi bat
nhur thiét ké giao dién nguoi dung (sau day goi
tat 1a giao dién) t6i gian (Minimal UI), ché do
t6i (Dark Mode), giao dién thich ing (Adaptive
UI) va thiét ké twong tac xanh (Green Interaction
Design) s€ duoc xem xét trén co s& phan tich
di li€u thu muc; Tha hai, nghién ctru s& khai
thac tri tu¢ nhan tao (Al), dir li€u lon (Big
Data), thiét ké sinh thai (Eco-Design) dé téi uu
hoa UI theo hudng tiét kiém tai nguyén va nang
cao hiéu suit. Al co thé ca nhan hoa trai
nghiém ngudi dung dya trén thoéi quen st dung,
gitp giam thiéu tai hé théng khong can thiét.
Dir liéu 16n hd trg phan tich mo hinh twong tac
ctia nguoi dung, dé xuit cac phuwong phap t6i
wu hoa giao dién phu hop hon. Thiét ké sinh
thai duoc xem xét dé tao ra Ul ¢6 tinh thAm my
cao nhung van than thién vi mdi truong, gitp
giam phat thai carbon tir h¢ thdng sé. Cubi
cung, nghién ctru s& dé& xuit cac mo hinh UI
bén vitng, gitip giao dién c6 kha ning thich tng
v6i sy phat trién cong nghé va nhu ciu xd hoi
trong twong lai. Cac mo6 hinh nay bao gém Ul
cho hé théng niang lugng tai tao, giao dién hd
trg quyét dinh tiéu dung xanh, va UI danh cho
thanh phd théng minh va hé thong IoT. Céc
muc tiéu nay nham dé xuit mot sd nguyén tic,
lga chon cac nhom muc ti€u phat trién bén
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vitng phi hop cho linh thiét vuc thiét ké va dao
tao vé my thuat ung dung trong thuc hanh thiét
ké va danh gia thiét ké bén ving, c6 thé khai
thic nhanh va hiéu qua huéng dén giao dién
nguoi dung va trai nghiém nguoi dung trong
qua trinh thiét ké.

2.1.2. Phwong phap nghién ciru

Nghién ctru st dung cac phuong phap sau:
Phan tich tai li€u, phan tich thu muyc (Bibliometric
Analysis), phan tich tir khéa (Keyword Analysis)
nham xéc dinh xu hudng thiét ké UI bén viing,
tong hop cac cong trinh nghién ctru lién quan,
dua ra dinh hudng phat trién trong tuong lai.

Dt liéu dugc st dung dé thuc hién phan
tich tir ngudn co so cac nghién ctru céng bd
trén tap chi Scopus dugc tim kiém voi tir khoa
“TITLE-ABS-KEY (("visual communication design"
OR "visual communication designs” OR "visual
communication” OR "infographics® OR "graphic
design” OR "typography” OR "brand identity” OR
"motion graphics” OR "user interface” OR "color theory
OR "Vvisual storytelling” OR "visual branding OR "non-
verbal communication') AND (‘‘'renewable energy”” OR
"circular economy** OR "'climate change mitigation” OR
"green technology” OR "carbon footprint” OR "social
equity" OR "sustainable agriculture™ OR “eco-friendly
products"” OR "waste reduction" OR "water
conservation™ OR "sustainable development"))” trong
khoang thoi gian 2000-2024, thyc hién vao
19:15h ngay 22-01-2025.

Phuong phép nay dugc thyc hién voi ba
muc tiéu chinh: Xac dinh xu huéng nghién ctru:
Phan tich sy phat trién cua UI bén ving theo
thoi gian, tr d6 nhan dién cac giai doan quan
trong trong qua trinh hinh thanh va phét trién
linh vuc nay, danh gia muc d§ anh huéng. Phan
tich tr khoa (Keyword Analysis) giup nhan
dién céc thuat nglr quan trong trong linh vuc Ul
bén viing, 1am 16 cac trong tdm nghién ciru hién
tai. Nghién ctru sir dung phan mém VOSviewer,
mot céng cu phd bién trong viée xdy dung ban
d6 khoa hoc va truc quan hoa mdi quan hé giira
cac tir khoa. Quy trinh thyc hién bao gdm:
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Trich xudt tir khoa tir cac bai bao khoa hoc lién
quan dén UI bén viing, danh gia tin suat xut
hién cua cac tir khoa dé xac dinh mutc do quan
tam ciia cong dong nghién ciru, xay dung mang
ludi tir khoa dé nhan dién mdi lién hé giita cac
cha d& nghién ciru chinh, gitp xac dinh xu
huéng Ul bén viing trong twong lai. Két qua tir
hai phuong phép nay s& cung cip cai nhin tong
quan vé su phat trién cua UI bén viing, tir d6
lam co s& cho cac dé& xuat thiét ké UI tdi wu
hon, gop phan giam thiéu tic dong tiéu cuc dén
moi trudng va ning cao hiéu suét hé thong sd.
2.2. Phat trién bén virng trong thiét ké giao
dién nguwoi dung
2.2.1. Moi lién h¢ giira giao dién nguwoi ding
va cdc muc tiéu phat trién bén viing (SDGs)
Su phat trién nhanh chong cua cong nghé
sO da thuc ddy tam quan trong cta giao dién
nguoi dung (Ul) trong viéc dinh hinh hanh vi
nguoi ding, t6i wu hoa tai nguyén va hd tro
phat trién bén viing. Trong bdi canh toan ciu,
thiét ké UI khong chi tap trung vao trai nghiém
va chtrc nang ma con phai hudng dén cac muc
tiéu phat trién bén vimg (SDGs) do Lién Hop
Qudc dé ra. UI ¢6 thé dong vai trd quan trong
trong viéc toi wu hoa tiéu thy tai nguyén, nang
cao nhan thirc vé tiéu dung c6 trach nhiém,
ddng thoi thuc day cac giai phap cong nghé bén
virng hon. Cac muyc ti€u d6 la SDG 7 — Pam bdo
néng lwong sach va bén viing, SDG 12 — Tiéu
dung va san xudt ¢é trach nhiem, SDG 13 —
Hanh dong img phé véi bién doi khi hdu, SDG
11 — Thanh phé va céng dong bén viing, SDG 9
— Céng nghiép, doi mdi va ha tang. Mot vi du,
tai bao tang qudc gia Rijksmuseum, Ha Lan,
noi vi khach thtr 10 triéu da c¢6 co hdi qua d€m
cung birc tranh “Tudn tra dém” cua Rembrandt.
Trai nghiém nay khong chi tao ra két ndi ca
nhan sdu sic véi nghé thuit ma con co thé tao
nén cach thudng thirc cac tac phim theo huéng
bén vitng. Piéu nay c6 thé lién hé véi cac xu
huéng Ul hién tai dai, noi cac bao tang tGng
dung thiét ké UI/UX téi wu dé cung cép trai
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nghiém nghé thut s6 hoa, giup giam nhu ciu
tham quan vt Iy nhung van dam bao tuong tac
chan thuc. Giao dién ngudi dung khong chi
dong vai tro 1a cong cu hd tro trai nghiém sd
ma con c6 kha ning anh hudng dén cac muc
tiéu phat trién bén viing. Trong nghién ciru vé
“Tw duy thiét ké cho phdt trién bén viing” tdc
gia Leal Filho et al da néu lén “Viéc tich hop
tw duy thiét ké véi cac muc tiéu phdt trién bén
vitng (SDGs) cho phép mot phirong phdp tiép
cdn toan dién hon trong viéc gidi quyét vin de,
noi thiét ké khéng chi dwoc coi la mét qud trinh
sang tao ma con la mot phuwong tién dé dat
dwoc cac loi ich ldau dai cho xd héi” [3].

2.2.2. Cdc yéu té ky thugt trong thiét ké giao
dién ngwoi ding bén viing

Phat trién phin mém bén viing trong thiét
ké giao dién nguoi dung (UI) huéng dén trai
nghiém nguoi dung va dam bao hiéu suat hé
thong, tinh kha dung dai han va giam thiéu tac
dong dén moi trudong. Quan diém nay tuong
dong v6i ¥ kién cia tic gia Silberschatz &
Galpin néu 1én vé viéc “Két hop tinh bén viing
trong thiét ké UI doi héi phdi hiéu day dit vong
doi cua cdc san pham ki thudt sé va dp dung
cdc chién lugc dé giam thiéu tiéu thu tdi
nguyén va tac déng moi truong trong suot qud
trink” [6]. Thiét ké my thuat tmg dung cin
quan tim dén cac, théi quen, tdm 1y sir dung sy
twong tac cho nguoi st dung, cd nhiing trai
nghiém tich cuc voi cac san pham thiét ké
nham déap Gmg cac nhu ciu va dam bao tinh tién
nghi, thoai mai va tinh thAm my cho nguoi
dung. Xu huéng nay doi hoi su két hop giira
cac nguyén tic thiét ké UI tdi wru va chién lugc
phat trién phin mém bén viing nhim dam bao
kha nang mé rong, bao tri va twong thich véi
cac nén tang cong nghé trong twong lai.

Mot trong nhimng yéu té quan trong cua
phan mém bén viing 1a t6i uu hoa tai nguyén hé
thong, bao gdbm giam thiéu dung luong giao
dién, toi wu ma nguodn va sir dung ky thuat nén
dir liéu. Didu nay giup giam mrc tiéu thy ning
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luong cua thiét bi, dong thoi ting hiéu suat xur
Iy va giam tai cho méy chu. Ngoai ra, cac giao
dién hién dai dang huéng dén thiét ké tdi gian
(Minimal UT) va ché d6 nén t6i (Dark Mode) dé
han ché tiéu thy dién ning, dic biét trén cac
thiét bi c6 man hinh OLED. Bén canh d6, kha
ning tiép can (Accessibility) va thiét ké linh
hoat (Adaptive UI) ciing 1a yéu té then chét
trong phat trién UI bén vimg. Cac giao dién co
thé ty dong diéu chinh theo diéu kién sir dung,
gitp tang cudng tradi nghiém ngudi dung ma
khong lam gia tang muc tiéu thu tai nguyén
khong can thiét. Két hop voi tri tué nhan tao
(AI) va dir liéu 16n (Big Data), UI c6 thé téi uvu
hoa qué trinh tuong tac theo hudng tiét kiém
nang lugng va tai nguyén.

2.3. Két qua phén tich thw muc

2.3.1. Xu hwong nghién cvwu theo thoi gian

Bang 1. SO lugng cac bai bao xudt ban vé dé tai
theo cac nam

Nam Tong s6 Nam Tong so
2003 1 2017 3
2007 2 2018 4
2008 1 2019 1
2010 1 2020 3
2011 4 2021 3
2012 2 2022 7
2013 3 2023 10
2014 3 2024 11
2015 2

Nguon: Tdc gid tong hop

Trong linh vyc thiét ké giao dién nguoi
dung (UI), cac xu hudng nghién ctru da trai qua
nhiing giai doan phat trién khic nhau, phan anh
su chuyén doi tir cac hé thong UI truyén thong
sang cac giai phap bén viing hon. Dya trén két
qud phén tich thu muc (Bibliometric Analysis)
va truc quan hoa dit lidu bang VOSviewer, co
thé xac dinh ba giai doan chinh trong su phat
trién ciia nghién ctru UI bén viing, tir trudc ndm
2016, giai doan 2016-2019, va thoi ky 2020-
2024. Trong do, ndi dung nghién cuu cua tung
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giai doan cy thé. Giai doan trudc 2016 1a cac
nghién cu tap trung vao cac hé thong Ul
truyén thong, it lién quan dén phat trién bén
viing. Giai doan 2016-2019 la xu hudéng méi
xuat hién nhu Green Computing, Eco-friendly
U, tich hop kha ning tiép cin (Accessibility &

Inclusive Design) vao Ul Giai doan 2020 —
2024 1a cac chu dé nong trong UI bén viing nhu
la Giao dién tiét kiém niang luong (Energy-
efficient UI), Tri tué nhén tao trong UI/UX bén
viing (Al-driven Sustainability), Tro choi hoa
(Gamification) trong UI/UX bén viing.

Bai bao

0
2003 2007 2008 2010 2011 2012 2013 2014 2015 2017 2018 2019 2020 2021 2022 2023 2024

Nam xuat ban

Hinh 1. S6 luong cac bai bao xuét ban vé dé tai theo cac nim

Nguon: Tdc gid tong hop

e
susts

s

e
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s

R

Hinh 2. So d6 mang ludi cac bai bao xuét ban vé dé tai theo cac nim

Dya trén két qua phan tich xu hudng
nghién ctru theo thoi gian, c6 thé thdy xu huéng
nghién ctru vé thiét ké UI bén viing di cé sy
dich chuyén r0 rét, phan anh nhu cau t6i uu hoa
tai nguyén, giam tiéu thy ning lugng va khuyén
khich hanh vi tiéu ding xanh. Nhitng tién bo
trong tri tué nhan tao, giao dién thich Gng va
giao dién tiét kiém ning luong dang mé ra co
hoi moi dé phat trién cac hé théng UI khong chi
than thién voi nguoi dung ma con cd trach
nhiém véi méi truong. Trong twong lai, UT bén
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Nguoén: Tdc gid nghién ciru
vitng s& khong don thuan 1a mot xu hudng ma
s& tré thanh mot yéu ciu thiét yéu trong phat
trién phan mém, dic biét trong cac linh vyuc nhu
thanh phd théng minh, IoT va ning luong tai
tao. Do d6, viéc ung dung thiét ké UI bén vimng
1a can thiét ¢é dam bao tinh hiéu qua, dong thoi
huéng dén mot hé sinh thai cong nghé sé phat
trién bén viing va than thién v6i moi truong.
2.3.2. Phén tich theo cum nghién ciru chinh

Trong nghién ciru vé phat trién bén viing
trong thiét ké giao dién ngudi dung (UI/UX),
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vi€c phan tich mang ludi tor khoa (Network
Visualization) gitip xac dinh cac chu dé nghién
ctru chinh ciing nhu méi lién hé gitta cac xu
hudng phat trién UI va bén viing. Dir liéu phan
tich tir VOSviewer c¢6 thé nhan dién bon cum
nghién ctru chinh, bao gdm:

Cum 1 - "User Interfaces & Sustainable
Development" (Xanh lam): Tap trung vao moi
quan hé giita UI va phat trién bén vimng, ciing
nhu vai tro ctia Ul trong nang cao nhan thirc vé
moi truong. Giao dién ngudi dung (UI) khong
chi 14 cau nbi giita con nguoi va hé théng s6 ma
con anh huéng truc tiép dén cach coéng nghé
dugce sir dung va tac dong dén moi truong. Céc
nghién ctru trong linh vye nay chi ra rang UI ¢o
thé hd tro phat trién bén viing thong qua giam
muc ti€u thu nang luong, cai thién kha ning
tiép can (accessibility), va thic ddy hanh vi tiéu
ding bén ving. Cac mg dung tiéu biéu bao
gom UT hién thi mirc tiéu thu ning luong, giup
ngudi ding diéu chinh hanh vi sir dung thiét bi
mot cach tiét kiém hon; giao dién tryc quan vé
tac dong moi truong, chang han nhu lugng khi
thai carbon do mdt hanh dong k¥ thuat sb tao
ra; va img dung trd choi hoa (Gamification) dé
khuyén khich hanh vi bén viing.

Cum 2 - "Design & Visual Communication"
(Vang): Dé cap dén thiét ké t6i gian (Minimal
Design) va thiét ké sinh thai (Eco-Design)
nham t6i wu héa UI theo hudng bén vimng.
Thiét ké t6i gian (Minimal Design) dang trg
thanh mot xu hudng quan trong trong UI bén
virng, nham giam thiéu sy phirc tap cia giao
dién, t6i wu hiéu suit hé thong va giam tai tai
nguyén xu ly, giup gidm ti€u thu ning luong,
nho vao viéc loai bd cac yéu td dd hoa khong
can thiét, t6i uu hoa viée st dung mau sdc va
kiéu chit dé giam tai hién thi trén man hinh.
Ngoai ra, viéc han ché hiéu ung dong giup hé
théng van hanh muot ma hon, tiét kiém nang
luong CPU/GPU, dong thoi tdi wu hoa diéu
hudéng va bd cuc gitip ngudi ding tim kiém
thong tin nhanh hon. Bén canh do, thiét ké sinh
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thai (Eco-Design) trong UI tép trung vao viéc
sir dung cac yéu t6 thiét ké dé tao ra giao dién
hiéu qua véi tic dong moi truong thip nhat.
Mot s6 nguyén tic quan trong bao gdm tdi wu
hoa hién thi trén nhiéu loai man hinh dé giam
mirc tiéu thy ning luong khong can thiét, st
dung gam mau toi nham tiét kiém ning luong
trén man hinh OLED/AMOLED, va thiét ké UI
c6 tinh thich ung (Adaptive UI) cho phép giao
dién tu dong diéu chinh theo diéu kién anh
sdng, muc pin va nhu cau st dung thuc té.

Cum 3 - "Environmental Impact & Decision
Making" (Po): Phan tich cach tich hop Al vao
UI dé hd trg ra quyét dinh bén vimg va danh gia
tdc dong moi truong. Viée tich hop tri tu¢ nhan
tao (Al) vao giao dién nguoi dung (UI) dang md
ra nhimg co hdi quan trong trong hd tro ra quyét
dinh bén vimg, dic biét trong quan 1y tai nguyén,
nang luong va moi truong. Al c6 kha nang phan
tich hanh vi ngudi ding dé ti dong toi wu hoa UL,
gitip giam murc tiéu thu ning luong trén cac thiét
bi k¥ thuat sO. Cac hé thé)ng giao dién tryc quan
hién thi dit liéu tiéu thu ning luong theo thoi gian
thyc giup nguoi dung nhan thic rd hon vé mirc
do sir dung tai nguyén. Hon nita, cac hé thong
bao cdo moi truong dugc tich hop vao UI gitp
doanh nghiép d4nh gia hiéu sut bén viing, tir 46
diéu chinh chién lugc hoat dong phu hop. Mot s6
UI hién dai cling hd trg thu thap va phan tich dir
liu v& 6 nhiém khéng khi, ngudn nudc va tiéu
thy tai nguyén, gop phan xay dung cac giai phap
phat trién bén viing va ning cao y thirc bao vé
mdi trudng trong cong dong.

Cum 4 - "Renewable Erergy & Smart Technologies'
(Xanh 1¢): Khai thac vai tro ciia UI trong hé thong
ning luong tii tao va thanh phd théng minh
(Smart City, IoT). Giao dién nguoi dung (UI)
dong vai tro quan trong trong viéc t6i uu hoa
quan ly nang luong tai tao, gilip nguoi dung
twong tac hiéu qua vé6i cac hé thng san xudt va
tiéu thu nang luong sach. Trong linh vuc nay, Ul
duoc ing dung rong rdi dé giam sat va diéu phdi
h¢ théng ning lugng mat trdi va gio, cung cap
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thong tin chi tiét vé luong dién san xut, mic tiéu
thy va kha nang luu trit nhim ti wu hoa hiéu suat
van hanh. Bén canh d6, cac ung dung UI danh
cho ho gia dinh cho phép nguoi dung theo doi
mirc tiéu thu dién ning va diéu chinh théi quen sir

trién Smart City va IoT, UI khong chi hd tro gidam
sat va diéu khién giao thong thong minh ma con
gitip t6i uu hoa van hanh dén tin hiéu, giam tn tic
va tiét kiém nang luong, tir d6 hd tro chinh quyén
va doanh nghiép dua ra cac quyét dinh quan 1y
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dung mdt cach hop 1y hon. Trong boi canh phat  bén viing.
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Hinh 3.

Noi dung ctia cac nhom bai bao nghién ctru theo nhom

Nguoén: Tdc gid nghién ciru

Hinh 4. Mtc do quan trong cia cac tir khoa trong dé tai

Phén tich mang lu6i nghién ctiru vé UI va
phat trién bén ving cho thiy bdn cum nghién
ctru chinh, mdi cym phan 4nh mot khia canh
quan trong trong mdi quan hé giira giao dién
ngudi dung va tinh bén vimg. Phan thao luan
tiép theo s& di sdu vao viée trién khai UI bén
vitng, dong thoi dé xuét cac hudng nghién ciru
tiém ning dé tiép tuc phat trién linh vyc nay.
2.4. Théo ludn xu hwéng phat trién bén virng
trong thiét ké giao dién nguwoi dung
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Nguon: Tac gia nghién ciru

Su phét trién nhanh chong ciia cong nghé
sO da thic ddy nhimng thay dbi dang ké trong
thiét ké giao dién nguoi ding (UI), dic biét 1a
hudng téi cac md hinh bén vimng nham giam
thiéu tac dong dén moi truong va tdi vu hoa trai
nghiém nguoi dung (UX). Xu hudng nghién ciu
trong linh vuc UI hién nay khong chi tép trung
vao cai thién tinh tryc quan va kha nang tuong
tac ma con nhan manh vao cc yéu t& nhu tiét
kiém nang lugng, t6i wu hoa tai nguyén, hd tro
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tri tu¢ nhan tao (Al), va kha néng thich img véi
cac nén tang céng nghé mai.

Két qua phan tich tir cac mé hinh phéan
cum trong Hinh 2, 3 va 4 chi ra sy ndi bat cua
cac nhom nghién ciru tap trung vao nang lugng
bén vitng va tri tué nhan tao (Al) trong thiét ké
giao dién nguoi dung (UI). Cu thé, cac cum co
mat do cao nhit lién quan dén viéc tdi wu hoa
tai nguyén va giam tiéu thu nang lugng, cho
thdy sy gia ting mdi quan tim d6i véi viéc phat
trién cac giao dién than thién voi moi truong.
Nhiing xu hudng nay phu hgp vdi cac muc ti€u
phat trién bén viing (SDGs), dic biét 1a SDG 7
— Ning luong sach va bén vimg, SDG 12 —
Tiéu dung va san xuat co trach nhiém, va SDG
13 — Hanh dong tmg phé voi bién dbi khi hau.
Céc nghién ctru nay khing dinh vai trd quan
trong ctua Al trong viéc tdi wu hoa hiéu suét hé
thdng, c4 nhan hoa trai nghiém nguoi dung va
giam thiéu tac dong tiéu cuc dén méi trudng.
Bén canh d0, cac cum nho hon, mac du c6 mat
d6 nghién ctru thdp hon, lai thé hién nhiing xu
hudng maoi, nhu viée tich hop giao dién nguoi
ding dugc diéu khién boi tri thong minh nhan
tao (Al-driven Ul) va giao dién ngudi ding tiét
kiém nang lugng (Energy-efficient Ul), m¢d ra
co hdi cho cic nghién ctru va ing dung thiét ké
giao dién nguoi dung huéng dén sy phat trién
bén viing trong tuong lai. Cac cum ndy phan
anh sy chuyén bién tir cac hé thong UI truyén
thong sang cac giai phap UI thong minh va tiét
kiém ning luong, gitp tao ra cac nén tang cong
nghé c6 tinh bén vimng cao hon.

S chuyén dich tir UI truyén thong sang Ul
bén viing: Trong nhing giai doan dau cia
nghién ctru vé giao dién nguoi dung (UI), trong
tam chi yéu huéng dén viéc t6i wu hoa trai
nghiém nguoi dung, nang cao khd nang su
dung va cai thién muc d6 tuong tac gilta con
nguoi va may tinh. Tuy nhién, cung vdi sy md
rong nhanh chdéng ctia cac hé théng k¥ thuat $0,
mirc tiéu thu ning lugng tir cic nén tang sd
ngay cang gia tang, kéo theo nhitng thach thic
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vé tinh bén viing trong thiét ké UL Trudc bdi
canh d6, cong déng khoa hoc d3 dan dich
chuyén sang nghién ctru UI bén viing, tap trung
vao cac giai phap giup giam thiéu tac dong moi
truong trong qua trinh phat trién va van hanh
giao dién sb. Hién nay, cac nghién ciru vé Ul
bén viing xoay quanh ba try cot chinh. Thir
nhét, tdi wru hoa tai nguyén va ning luong dong
vai trd quan trong trong viéc giam thiéu mirc
tiéu thu dién nang, dac bift trén cac thiét bi di
dong va man hinh OLED/AMOLED, noi ma
hiéu suét st dung ning lugng anh hudng truc
tiép dén tudi tho pin va tic dong méi trudng.
Thir hai, thiét k& UI hudéng dén tiéu dung cé
trach nhiém nham khuyén khich nhan thuc vé
bao vé mdi truong, tao ra nhitng trai nghiém
giao dién thuc ddy hanh vi tiéu dung bén viing.
Cudi cung, vi€c tich hop tri tué nhan tao (Al)
va dir liéu 16n vao UI cho phép ca nhan hoa trai
nghiém nguoi ding mot cach hidu qua, tdi wu
hoa viéc st dung tai nguyén thong qua phan
tich dir liéu hanh vi.

Xu hudng t6i wu héa UI dé giam tiéu thy
nang leong: Trong bdi canh cac nén tang ky
thuat sé ngay cang phd bién, murc tiéu thu ning
luong tor giao dién nguoi dung (Ul) da tro
thanh mot van dé dang quan tam, dac biét khi
cac giao dién dd hoa phuc tap co thé lam gia
taing dang ké muc st dung dién ning. Céc
nghién ctru gan day di chi ra rang viéc t6i wu
hoa UI c6 thé dong vai trd quan trong trong
viéc tiét kiém nang lugng va giam tac dong moi
truong. Mot trong nhitng giai phap hiéu qua 1a
ung dung Dark Mode va Adaptive Ul, trong d6
ché d6 nén t6i gitip giam dang ké muc tiéu thu
dién niang trén cac thiét bi sit dung man hinh
OLED va AMOLED, ddng thoi Adaptive UI co
kha ning ty dong diéu chinh giao dién theo
didu kién dnh sang moi truong, t6i wu hoa mirc
d6 hién thi ma khong lam ting muc tiéu thu
ning lugng khong can thiét.

Bén canh do, tdi wu hoa tai ndi dung va
quéan 1y bo nhé dém 1a mot hudng tiép can quan
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trong gitip giam tai xtr 1y trén hé thong, qua do
t6i wu hoa hiéu suat hé thong, tiét kiém dién
ning va han ché phét thai CO: tir cac trung tdm
dir liéu. Ngoai ra, xu huéng tinh gon d6 hoa va
giam tai hoat anh dong dang ngay cang duogc
vu tién nham tdi wu hoa hiéu suat giao dién.
Viéc giam bét hidu tmg chuyén dong khong
can thiét, han ché st dung video nén hoac hinh
anh dong gitp giam tai nguyén xu ly, kéo dai
tudi tho thiét bi va giam nhu ciu tiéu thu ning
lugng. Nhitng gidi phdp nay khong chi nang
cao hiéu suit UI ma con dong gop vao viée xay
dung mot nén tang ky thuat sd bén vimg va
than thién véi moi trudong.

Ung dung tri tué nhdn tao (AI) trong Ul
bén vitng: Tri tué nhan tao (AI) déng vai trd
quan trong trong viéc tdi wu hoa giao dién
nguoi dung (UI) bang cach phan tich hanh vi
nguoi dung va ty dong diéu chinh giao dién
theo nhu ciu thuc t, gop phan nang cao hiéu
sudt hé théng va giam tiéu thu nang lugng. Mot
trong nhiitng xu hudng nghién cuu Al trong Ul
la c4 nhan hoa giao dién, trong d6 Al c6 kha
nang hoc hoi théi quen sir dung cia tung ca
nhan dé hién thi cac ndi dung quan trong, thay
vi tai toan bo dir liéu khong can thiét. Pidu nay
khong chi gitp nang cao trai nghiém nguoi
ding ma con giam tai tai nguyén xir 1y, tdi wu
héa muc ti€u thy nang lugng cua thiét bi. Al co
thé du doan va toi wu héa muc tiéu thu nang
lugng thong qua phéan tich dir liéu hanh vi cua
ngudi dung. Bang cach nhan dién cac mé hinh
st dung giao dién, Al ¢o thé dé xuit hoac tu
dong diéu chinh UI dé tiét kiém tai nguyén,
chang han nhu giam d6 sang man hinh, han ché
tai ndi dung dong hodc t8i wu hoa toc do xu ly.
Ngoai ra, tich hop trg 1y 4o vao Ul 1a mot giai
phap quan trong nham nang cao hidu qua twong
tac ma khong can hién thi qua nhiéu thanh phan
dd hoa. Thong qua cac 1énh thoai hodc thao tac
ti gian, tro Iy 4o gitp ngudi dung thuc hién
céc tac vy nhanh hon, giam tai xir 1y va han ché
tiéu thu nang luong. Sy két hop gitta Al va Ul
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khong chi cai thié€n hiéu suat hé théng ma con
mo ra hudng phat trién bén vimng, dap ing nhu
cau ti vu hoa tai nguyén trong ky nguyén cong
nghé sb.

Xu hudng thiét ké UI hé tro phat trién bén
vitng: Giao dién ngudi dung (UI) khong chi tac
dong dén mirc tiéu thu nang lugng ma con anh
huong dang ké dén hanh vi nguoi ding, dong
vai trd quan trong trong viéc thuc day cac hoat
dong huéng dén phat trién bén viing. Theo
quan diém cua nhém tac gia trong nghién ciru
dugc cong bd nam 2024 vé dé tai “Xu hudng
nghién ctru trong truyén thong va du lich: Mot
hé théng danh gia va phan tich thu myc” da néu
rang “Giao dién nguoi dung dong vai tro quan
trong trong viéc hd trg cac chién lugc truyén
thong hiéu qua, diac biét trong nganh du lich,
noi viéc truyén tai thong tin bén vimg la rat
quan trong dé nang cao nhan thirc cong déng vé
bao vé moi truong” [5].

Céc nghién ctu hién nay dang tép trung
vao viéc thiét ké UI theo huéng khuyén khich
nguoi dung tham gia vao cac hanh dong co
trach nhiém voi moi truong. Mot trong nhitng
xu huéng quan trong 1a giao dién khuyén khich
tiéu dung xanh, trong d6 cac nén tang thuong
mai dién tir tich hop cac yéu to UI giup hién thi
thong tin vé muc do tac dong méi trudng cia
san pham, tir d6 hd tro nguoi dung dua ra quyét
dinh ti€u dung co6 trach nhiém hon. Viéc cung
cép dit liéu minh bach vé luwong khi thai carbon,
quy trinh san xuat hay kha ning tai ché cia san
phim c6 thé tac dong tich cuc dén hanh vi
nguoi dung. Bén canh do, gamification trong
UI bén vitng dang dugc nghién ciru nham tao
dong lyc cho nguoi dung tham gia vao cac hoat
dong giam thiéu tic dong moi truong. Viée tich
hop cac co ché tro choi hoa, chéng han nhu hé
thong diém thuong khi st dung Dark Mode
hoac khi lwra chon céac san phém than thién voi
moi truong, giup gia ting mic d6 tham gia cua
ngudi dung. Ngoai ra, xu huéng giao dién hd
tro quan ly tai nguyén ca nhan cho phép nguoi
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dung theo ddi murc ti€u thu nang luong cua ban
than, dong thoi dua ra cic goi ¥ nham tdi wu
hoa hiéu suét sir dung va giam tic dong tiéu
cuc dén moi truong.

Ul va xu hudng phat trién cia Smart
Cities & loT: Trong tai liu “The Role of
Design Thinking in Developing Sustainable
Solutions” tac gida Tim Brown da néu quan
diém tu duy thiét ké c6 tiém ning gitp tao ra
nhiing gidi phap khong chi chiic ndng ma con
bén vitng, dam béao rang chung giai quyét duoc
cac nhu ciu lau dai cua ca ngudi dung va moéi
truong [1]. Sy phat trién cta thanh phd thong
minh (Smart Cities) va Internet van vat (IoT)
da dit ra yéu cau cao hon ddi véi giao dién
nguoi dung (UI) trong viéc hod tro quan ly tai
nguyén d6 thi mot cach hi¢u qua va bén viing.
Céc nghién ctu hién nay tip trung vao viéc
thiét ké UI dé tSi wu hoa quan 1y ning luong,
giam sat hé théng giao théng va cai thién quan
1y nudc cung chit thai. Mot trong nhitng hudng
nghién ctru quan trong 1a UI cho hé théng quan
Iy nang lugong, noi cac giao dién tryc quan gitp
theo ddi va t6i wu hoa viée sir dung ning lugng
tai tao, diéu phéi nguén dién theo nhu cau thuc
té nham giam thiéu lang phi.

Ul va cdich t6i wu héa nding leong:
Nguyén tic nay dé cao viéc su dung ning
luong mot cach hiéu qua va tdi wu hoa viée sur
dung ngudn ning lugng tai tao. Didu nay co thé
dat duoc béng cach sir dung hé théng chiéu
sang tiét kiém nang luong, dén LED, thiét bi
diéu khién nhiét do thong minh va hé thong
ning luong mit troi. Kién trac xay dyung cong
trinh tap trung vao giam thiéu tic dong tiéu cuc
1én moi truong xung quanh véi cac tao hinh
kién trac, hinh khéi thich ing voi diéu kién tyr
nhién xung quanh; bang st dung vat liéu tai
ché, nang lugng tiét kiém va thiét ké hop ly dé
tan dung anh sang tu nhién va gid, tinh toan
cong suat nang lugng, kha niang chdng tham
hoa ma tao tinh bén viing cua cAu trac thi Noi
thit bén ving tap trung vao thiét ké va trang tri
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cac khong gian bén trong, bao gdm cac yéu td
nhu t6 chire, bd tri cac chirc ning hop 1y, phdi
hop véi mau sic va anh sang, tdi wu hoa st
dung ning luongkhoa hoc nhét, twong tac voi
nguoi ding tao ra khong gian sdng than thién
va tién nghi tiét kiém tai nguyén va giam thiéu
tac dong tiéu cyc 1én moi truong. Dong thoi xu
hudng thiét ké UI cho hé théng quan 1y nha
nude va chat thai gitip nguoi dan giam sat muc
tiéu thy nudc, phan loai rac va tham gia cac
chuong trinh tai ché thong qua nén tang ky
thuat sd.

Huéng di trong tuwong lai ciia UI bén vitng:
Su phat trién cta giao dién nguoi ding (UI)
bén viing dang duoc dinh hudng theo cac xu
thé cong nghé tién tién nham tdi wu hoa tai
nguyén, giam thiéu tac dong moi truong va hd
tro qué trinh chuyén doi s6 bén ving. Mot trong
nhiing xu hudng quan trong 1a tich hop tri tué
nhan tao (Al) va hoc may (Machine Learning)
vao UI, gitip hé thong c6 kha ning hoc hoi va
diéu chinh giao dién theo thoi gian thyc dya
trén hanh vi nguoi dung. Nhom tac gia trong
nghién ctu “Design thinking for sustainable
development: A bibliometric analysis and case
study research” da néu 1én rang tu duy thiét ké
cung cap mdt phuwong phap tiép can manh mé
dé giai quyét cac thach thirc bén vitng, nhin
manh vao thiét ké 14y con ngudi 1am trung tdm
va dam bao rang cac giai phap dugc phat trién
c6 thé dong gop tich cuc vao cac Muc tidu Phat
trién Bén viing cua Lién Hop Qudc, dac biét la
SDG 8, SDG 9, va SDG 12 [3]. Piéu nay
khong chi nang cao trdi nghiém ma con giam
thiéu viéc tai cac thanh phan khong can thiét,
t6i wu hoa tiéu thu ning luong.

Viéc xdy dung cac tiéu chun danh gia Ul
bén vitng 12 mot yéu cau cip thiét, cho phép do
ludong muc tidu thy tai nguyén va hiéu suat st
dung ning luong cua Ul trén nhidu nén tang
khac nhau. Nhitng dinh huéng nay khong chi
tao ra nhirng giao dién than thi¢n hon véi moéi
truong ma con gép phan xay dung mot nén
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tang cong nghé sd bén viing va toan dién Céc
mo hinh dénh gia nay c6 thé trd thanh cong cu
hitu ich gitp cac nha phét trién diéu chinh thiét
ké UI theo huéng tiét kiém tai nguyén hon.
Ngoai ra, UI bén viing sé& tiép tuc duoc phat
trién theo hudng linh hoat, dam bao kha ning
twong thich vo6i cic cong nghé méi nhu
blockchain va Web 3.0, gitip téi wu hoa bao
mat, phan quyén va giam thiéu chi phi xir Iy dir
lidu trén cac hé thong phi tap trung, trong tuong
lai, UI bén viing s& khong chi gi6i han trong
linh vyc thuong mai dién tir hay phan mém ma
con dong vai trd quan trong trong gido duc, y té
va chinh phu s6. Cac nghién ctru dang tap trung
vao phat trién giao dién hd tro chuyén doi sb
bén virng, gitip nang cao hiéu qua trong quan 1y
thong tin, cai thién kha nang tiép can dich vu
cong va toi wu hoa viée sir dung tai nguyén
trong cac hé thong gido duc, y té...
3. KET LUAN

Nghién ctru vé cac tiéu chi phat trién bén
viing trong thiét ké giao dién nguoi ding (UI)
d3 1am sang t6 tim quan trong cua viéc tich hop
yéu t6 bén vitng vao qua trinh thiét k& UI trong
thoi dai ky thuat sb. Su can thiét cia viéc dong
gop tich cuc vao méi truong va xa hoi dugce
dam bao thong qua thiét ké 1iy con ngudi lam
trung tdm cho tinh bén viing, gitp tao ra cac

TAI LIEU THAM KHAO

giai phap khong chi dép (mg nhu cau clia ngudi
ding ma con thiic ddy sy phét trién bén ving
[4]. Két qua nghién ctru cho thdy, xu huéng Ul
bén viing dang trd thanh mét yéu cau cap thiét,
khong chi trong linh vuc cong nghé ma con
trong cic nganh cong nghiép lién quan nhu
thuong mai dién tir, gido duc, y té va quan ly do6
thi thong minh. Thiét ké UI bén vimg cé thé
giam thiéu tiéu thu ning luong va tai nguyén sd
thong qua cac phuong phap thiét ké toi wu. Cac
xu huéng nhu thiét ké toi gian (Minimal UI),
ché d6 nén t6i (Dark Mode), Adaptive UL, tri
tu€ nhan tao (Al-driven UI) da gitp giam tai hé
thdng, han ché phat thai carbon va t6i wu hoa
trai nghiém nguoi dung. Ngoai ra, Ul con dong
vai trd quan trong trong viéc thay déi hanh vi
tiéu dung theo hudng bén vimg, khi dugc tich
hop véi cac giai phap nhu Gamification (tro
choi hoa) dé khuyén khich nguoi ding lwa chon
cac phuong an than thién véi moi truong. Cac
d& xuat md hinh thiét ké UI dua trén thuc tién
vé cac linh vuc c6 lién quan dén my thuét ing
dung, cho thdy kha ning ing dung trong thyc té
va cho méi truong dao tao nganh my thuat ung
dung thiét ké kién tric nodi thit gin voi phat
trién bén viing va kha ning uing dung trong linh
vuc thiét ké my thuat ung dung.
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