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Abstract

Background  This study aims to identify factors that affect usability when touchscreen interfaces are
used from lateral angles, rather than from the front. The study further investigates how these factors
influence usability and explores potential design improvements based on empirical evidence.

Methods Experiments were conducted using a 10-inch tablet positioned at three angles: front, left
side, and right side. For each position, users performed tasks using either the hand closer to the screen or
the farther hand. The experiment manipulated the button layout (horizontal versus vertical) and location
to measure their effects on reaction time and task success. A two-way analysis of variance (ANOVA) and
post hoc tests were employed to analyze the main and interaction effects of screen angle and button shape.

Results ANOVA results showed significant main effects for both screen angle (F(2, 9290) =
17.792, p < .001) and button shape (F(2, 9290) = 373.532, p < .001), as well as a significant interaction
effect (F(4, 9290) = 5.219, p < .001). Post hoc analysis indicated that the front-facing condition resulted
in the shortest reaction time (685.60 ms), followed by the right (723.22 ms) and left (751.31 ms) sides. For
button types, Test 1 (fixed button location) yielded the fastest response (556.45 ms), while Test 2 (random
location) and Test 3 (random horizontal/vertical) showed similar, slower times (812.60 ms and 821.76 ms,
respectively).

Conclusions  Usability decreases significantly when touchscreen interfaces are used from lateral angles,
with the left side showing the poorest performance. This is likely due to most users being right-handed.
Button shape had a stronger impact on usability than button location, with horizontal buttons offering
better performance than vertical ones. Interestingly, using the hand closer to the screen led to lower
usability, suggesting that non-ergonomic posture can negate proximity advantages, contrary to Fitts’
law. These findings indicate the need for further qualitative research, such as interviews, to explore these
ergonomic factors in more depth.

Keywords Touch Interface, UI, UX, HCI, Screen Usability Interaction

This work was supported by 2026 Hongik University Innovation Support program Fund
*Corresponding author: Hynsuk Kim (Kylekim@gmail.com)

Citation: Na, J., & Kim, H. (2026). Understanding and Improving Usability of Side Usage in Touch Interfaces. Archives of
Design Research, 39(2), 309-324.

http://dx.doi.org/10.15187/adr.2026.05.39.2.309

Received : Oct. 24. 2025 ; Reviewed : Feb. 25. 2026 ; Accepted : Feb. 25. 2026
PISSN 1226-8046 eISSN 2288-2987

Copyright : This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-
Commerecial License (http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted educational and
non-commercial use, provided the original work is properly cited.

www.aodr.org 309


https://crossmark.crossref.org/dialog/?doi=10.15187/adr.2026.05.39.2.309&domain=https://aodr.org/main.php&uri_scheme=http:&cm_version=v1.5

B ATE HAATAL o 88 AGTo|Ar SN AGHE AFolA, AgA] AHgAe] H A
R0l ofm o] As W oleid 847k AL JF W§S Avny, AL Tl Y E=
$4H G A A0S H5HT o] 2 AASH: b dohut A7E Aska sk,

olefat Ao] Bhgolis Adg 2] A Hlo] AHGHE HAFE BEv]el ]£9] 7] @ ATKIOSK)S)
oA Holu AAGIA B4 elolE E(Table order) 5202 Bz, 29| Hlo|Sof A0 43

golE dH2 F22 5 YEF EaEIL e Aol TAase AR A0IA Sdstied, o=t
HolE LH= HALAYE o] g3t F2 Al2H o] 317 Hlol&of SHof] X 8= SHlA HA
A |25 AMESoF she ol FolAl HaL, o7t ARoA d+As S8 daEd o] Abgolzhe
AR AT AFA 7 EASHAL QlEoll =St

golg 2HE BEd HER AHE F2 AT ORHA, A9 2335 T /NE Holgd A +
UEF 2Rk Zo] dubAolrt, o] QI FHA LA frelste], Ao {EH= 77
ofEelAoldE A5t ol gt 2N Hulo FFH A Heok fed Eut ofyet HIEH IS}
ME A A28 A Felsty] W] v we] SHAMRE o] TSt 7HAAL k. o] gt
P g2l "ol 269 Ba2 Hah sofuhal glon Ivtg AMARES SHolA AMgste HAaEdHol
7ol © gol =&d AoR Aol "t I ol2fet e H oA A g Au|2o FAAA
oo} vlalstE ARg 2 thet w=of7t vl H 2 Ae & 5 Y, o i Wl @70 thafdtel wet
a0 g HE S8ol oL, it R e AE ARl A 8o RtgEts AAE dE o)A
HAQlel wie] AR AE ghaofof sk & Al HE AHlA FHLE 2EH Jrke AoR dds & 5

QIek. G ol Hgg Hlol 26l ol9lolE A thgsteol MFH L G AeF f P AZolo} 2

)
o=
o
>~
Rl
o

oN

.

3 4 SO A ARGt T ASH 0] ARE- #A

o %ol =5 YA, Wi B HALIH] YE A2 53 Zo] ARSAA 275 =
ot FE = = A 2ol A-8sf ARgsfortt
otuz}, Au| 0] Fejof webM = 2 o] MSkE 7] ofH oA ok EAIRIH. wEbA o] A | A
o] W3k S AR 9] Wt 23] el ghelstal AR Bl B4

o
I 042 Hoh, Z¥ ALg BoIA] Telslof sHe A0 SRl A T4l
al

rit

|
M
o gy
SR

o

T

ol

2 AT SN AMgshe HA qaEdole] AR vlAl= dEH oI FEE At S8 ofeiet

- 7] QlEeo] 2] 2 Abgol GFL AL Bak BAN
- G2 A AT S ALG] 24 JAL 0| Rfol7} STk
- HAATY SH A AT 27 JHAE Folk e o] A9 23 AL o

oloh e AT Aol uel & A7 QIE ol s ALgHo] AR tlAZd o] 7 AL U A% § elA
A AL Ao AFES AT, oloh PAE 70 04SN Fo dopu g st

310 Archives of Design Research 2026. 05. vol 39. no 2



AR Al 834 Pt
webr] 4 AL BelH 89l F ARE SASKY, XFH LACNE oA, P 59k 2L einolx
TRk WIS FA0R 20 gl TR )% A7 Sashct

B AT HAATA AW, U W 4FolA] 72 W A2 Jee] G2 24 43 ES A5
ol Ro] /1] Ak olulgt Rol o] G, E 1Ao] FFL 7|X) Aelo] Folelx] Fohu i gt
el 43 el 2ol 2 Eﬂ Aeol] B AFES WAG 4 gk Telh A 0AT B

225 ;
Aol obd AFeA AGRY QETolx Abgol GES AR L A2E WAT 4 ggich. ol AT
BE-e tamdolo £4S ol 47 EL &, $20] 4] G AHgAe] Beld 4TS ol3ss do]
FET AT AET 5 U Aolth B, HAXIAL AT AbTol29 AHEHE 245 99
239 BRI Aeol s Ule] Feeh HiHo] ME 22 £Eoh FolYEL AFT YN
HlES] WOk 7], 2 B2 o83 ALgT Aol Ao} Yk, et o]t AFEL $H0R B
tl2Edo]o] e o]glo] T2 Fehol BhAE A7 W9l EFeA pgrond, b ameold] Few A
Foj Bl AnkEE 3719 BEkY tutol s 502 FFH o] gtk ofo] & A7 o|efst AT EY ANE
HfO R, Q7AE dohuuiA S Hlol ero] 4] FejAl AGATE FBOR AGIE BHOR A7
WA S, 710 B2 o Azalolol A A1840] F1s AT ME PAlsl 48 A8 Fa
vl 2B do]o] AHgl A QlETo|2 tiztelo] FeNE EARIA Bk, tholr} F712 g QlElso] 2]
A3% oo B2 Al GFS Foluug fold oo Feo B PaBd oS vgoz
nEEey BES UAste] oS AFE B BAs 1A T,

N
rx
0%
re
-

2. 1. QIO AR} AFEXLS| HE| H 2T

44(2015)& BA AN A HEL] FAFo] Wl w2 AHEAQ] AA

o] HA(Fitt’s law) AMSE A3S ol AFSA Hrtol A3t A g

!ﬂ w20 YH(1954) A} & w20 o5 HelH AR Z% AH7A o|Fshe T
& A A719ke] BAE AT Aog, Bx o] Wi FRE0| AL4E 2780l

ao} o|Zolt}) &g Ao AFAEL 1280x8002] ElESS Ho|Eo] L8F1,

&712o] A1 9125 A A5 B AEE 120mE SYeHA] F2 3m, Sm, 7m, Om]

At E otih o5 Faf Al HED B2l HE Atelo] 289 A7HE S5t o5

Fe L A,

l‘-‘Ll

:_‘ o, l)]n O.u

&k
oz
e

i)
|

=2
i)
() oS.’L}_

>

4
;O
oo
m]o

[ T R et
2
fu
ol
ol
2
EILI O_u

)
o
ol
:cI>L_v‘
o,
olN

ol

oft X B N m r2
p
o,
p'h
B
o,

1) https://en.wikipedia.org/
wiki/Fitts%27s_law

www.aodr.org 311



T=a+blog2(%+l)

Figure 1 Fitts’s Law Formula
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Figure 2 Experimental Design by Han, S. B., & Pyo, J. S. (2015)
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Figure 3 Experimental Design and Perceived Discomfort by Touch Location from Choi and Jung (2012)
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d = distance from center of the stimuli to the touch target point d

o™ W dir = distance from the center to the target point on x-axis dy fd‘..

2l L dLE dy = distance from the center to the target point on y-axis r-

RT = response time (time taken to touch the stimuli after it appears)
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Figure 4 Experimental Setup and Result Schematics by Yoon and Kim (2019)
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Figure 6 Experimental Design and Result Distribution by Stimulus Size (1cm, 1.5cm, 2cm) from Bae, Cha, Yoon, and Lee
(2023)
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Figure 7 Experimental Stimuli from Koo and Chung (2013)
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Figure 8 Experimental Screens and Resulting Data
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Table 2 Summary Table of Two-Way ANOVA Results

0l df1 df2 F Pt
1 SHZE 2 9290 17.792 .001
2 HEYEH 2 9290 373.532 <.001
2 x HEYE 4 9290 5.219 .001
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on, Zt%(angle)?] FEIH= F(2, 9290) = 17.792, p € 0.0012 Wb, ME Fef(Experiment)o]l mH
SR F(2, 9290) = 373.532, p  0.0012 Uetstth, T1e]3 Zteel HlE | 11 4228 adkangle x
Experiment)i= F(4, 9290) = 5.219, p < 0.0012 Yet A9 ZH(front, left, right)oll we} ¥ A 7to]

AL, P €0.0010| B2 7% 3 ZF Gt Zpo| 7k FA XN OR {2 n]sHA vreritth

N o M

4.1.2. ZIEE A E A

Table 3 Post-hoc Analysis Results by Angle

Hld HHZt0| (ms) Pt
1 Front-Left -65.71 €.001
Front-Right -37.62 {.002
3 Left-Right 28.09 =.006

Table 4 Average Response Time by Angle

| T Ut A2k (ms)
1 S (Front) 685.6
2 QEZ (Right) 723.22
3 A% (Left) 751.31
AR BARE Ao A e 7 Zhed it §hS AR A W(front)o] 685.60msE 7MY &k e H, A& (left)o]
751.31ms= 7 71 9h8- A|7F @ EZ(right)o] 723.22ms M & vHe-& 5 2 el =3 AW (front) 7

A2 (left)o] Apol= FHHF -65.71ms, P € 0.001F wWj$ gl om AW (front)?} QEZ(right)2] Zfol=
B -37.62ms, P € 0.0022 FAHCR foulatA YeltTt, o]0l A&(left)d LE&(right) 1H2
Atol= Bt 28.09msE A& (lef)2] ¥hg- A|7to] T Zo] AFgAdo] E& AO = P = 0.0062] -9]u|gt A3}
ureRyiTt

4.1, 3. H{E HEI'E A= HY

Table 5 Response Time by Button Type

=H T U A2t (ms)
1 Test 1 (X HLIX]) 556.45
Test 2 (T 2IXD) 812.6
3 Test 3 (HF L) 821.76
Table 6 Post-hoc Test Results by Button Type
H| HHAH0| (ms) Pt GAXL0| (ms)
Test1 - Test2 -256.16 €.001 S2/0/ X0|US
Test1 - Test3 -265.31 €.001 Fol0jgt X0|AS
Test2 - Test3 -9.15 =1.000 0| el (BYFE)
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HES efjo] w2 HHofA] Test 12> 556.45msZE 7 B2 ¥ A7 Hal, Test 2+= 812.60ms,
Test 32 821.76ms= AR ¥-g- AlZhe WERY Test 29F Test 3 7Ho] Aol= Fofm]shA] dong FUdgt

£z 07 Bolt},

4,1, 4, ZEQ HE RYQ| HSHE
tt20 2= 7F2 ¢ (Vertical) @ A2 (Horizontal) W& RFT Y& (angle_left) ¥ 2 EZ(angle_right)
HE 92 A4 g AZFHReaction Time, ms)S 45t on, ojdujx EARA(Two-Way
= =

BE mokl 979 FaT N ATAL ANE P2 F, AT BH(Tukey HSD)S 59 1%
7 A Aol s AEsidrt.

C}E W58 97 | Reaction Time 5715 shape 571= angle

angle
1,000 = front
_1eﬂ
= night
B0
-
E
- T
S
b
H
x
L
0
]
H R v
shape
Figure 10 Average Response Time by Button Type and Angle
Experiment
1,000 =Tesi 1
=Test 2
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= 'ﬂ’
-
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] 400
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Figure 11 Interaction Between Button Type and Screen Location on Response Time
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Table 7 Results of Two-way ANOVA for Button Shape and Location Conditions

22l df1 df2 F Pzt
7t2E HE (Vertical) 1 9290 4.089 0.043
M2% HE (Horizontal) 1 9290 3.537 0.060
x|/ ¥% (angle_Lleft) 1 9290 0.002 0.965
9%l / 2% (angle_right) 1 9290 0.536 0.464
S8 90t - - NS NS

7h2 9 HE(F=4.089, p=0.043)& W Akl oIEIG FFL v1A o W2 vhE AZhE SEsheck v,
A HIEF=3.537, p=0.060)2 EAHOR §olg Aol 2 Ho|x] releh ME X% p=0.965,
QEE: p=0.464)E WS A7ro] GOl AFS VIAA ghoronl, WE Feje} 917 7o) ATAE oA
FOI5HA SHHEHPY0.05).
o] Ak }efﬂ 1] A8l B A0 2 el v Aol RS o B3HAYS A
A HES AgA] ALH BFolut 22 Wslske] FAlo] oix
P e 1A 4 e s AR ok T8 HIES] AL w8 Aol WA el
ZH AR S 94 BEEA) etk dhebd Qlelslo] 2 MA) Aol HE $14Hche
Fefol o FAL T Ao vhgrgsin, dgmols A A A HES

AT
1o,
0,

o
£
4o
ﬁ

L r&"
oflt
é‘é o
[
o>~

5.1.
Qo Ak A A8 o] Ho) SN AHETHE A% Ag40] AAG| ZolSH, AgAtel
423 92 % 24 g4l § HolxE Ao] BTG ol Prkie] g A &gt ol0)]

who] WAsHe Ak AZtEm, HEY Yol T gAY A9 HEY ATt HE] Hofo|
o 9o ol /XL AOR Holky] A2Fwt A2 FolAL A=Y WES] AgAe] o o FL
Ao et A% Aol ATel AAshe AL BT E HE Befo] T2 29 Fol Aol glo]
zwgos HES YASRE F- 920 42 Je4 et AGETHE WS AR 25 Ut
Ao Sl ke 2 A8 A9 W £ AGSHE A9 R AgAo] AstElt Bge] BaAEIYrh
Aotk olg Bol 30 X UL A8 1 JEOVIE £)0F HAT AR LEE(EY
NI 208 HAG 490 B SEvh o Wtk ol leso| sk AgR} 1 AT ST

XFALO] A 120] el 9 oA RO o, e A2} 38l ek
Qe ol 20k AR Apolo] AHhE QXU AA AAL AGALY] AFAS Aashe S o F B,
2812 AHgAol RAA G WA 5 9L AR,

5.2 M2 % $5 AR

2 A7k 52 Aesolag g4l B9
nejsolo} gl FEsfel, o|o} BT HY &
YA Slol & Aotasiek el olely
HUEE vehat B9 484

AA a4 gl dAe 2k F XS BE
59l A8 5o 2 fele A}M A% &0t

A7 @A 3 o, o= uty
e BAE AR Aolr] M2 7 ALEE A8 @% %Jomﬂ A AgE S %’r“ 1 éﬂ%
A 58 2Aq) OIE sgap 45l
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Belg 87 NS AAH R G A7/ A4 H 0 Fashh Fol PEH 9]

sfet 2 ol ok ElAE ol Ahg Aol W jeoki, 71 el s A7 484 A

g B30 e et tha BERESS B AN, FHHA 2Ee] A§BH0] FHHE Aesolx

S A A 12 HES FUOR s 48R YAk AAA T GES AT Ao

ERAUS ARV oE 2228 G2 AL EA$G /1202 G & 712 A
242 e 37129 12 LA AARI Uolrt ole@ ol 28 AHg B4 9

EE!
2n7t

o} ohU g} A5} WFeEo &

85 THE ST Aeislol A0l 297 Fel, 49 A8 Adel Fol, F-
M E Zhso] B2 A4 Rol, B ol 22b4 ax, AW A7 9 BH Fo| g4l nXE 9%
52 BTeks 94 A7 FAR SR 4 0w, olelst WHelA el Tkt F7 A7 Ba) BTk 454
Aol a7t

IReIE B¢ B4H 9T L B Aol A AGHS FAY PR £E5 T SAFHAG
A% © o Ak A0 HAlth o]k AR ATSN & 5 UKol A7k ML EY PEYL
L o] o] ol Mol GriehE S =N foulgt olE AW of Y
R, ST ASAT 2 A U] A 20l A2 7 AT 1 )k S 5O 844
2GS AgA 2

ol ke =3 31%% A]/K]—’é]-_ﬂ olck. ol2gt 1H & 11‘:% EE A SoAT
1=

webA o] 2gt H& Kk HFH o= 1ofsty] ffex %, —ir-? dli 3t bl

N S T AL S G A0l 528 207t ek o}%a 2 A7 golae] Azt
20t 2 g E o] glo] A Ao sf4 2 dutste] A3 AT EAtER, FF Tkt AFUE
qro R g 37k 478 Bo) AW A4 54 % Aol g 7T Best Ak

2 AT 919k Lol 71E9 AF A7 Fo] 2 WA 84 Mt ojmF FFE W= o Hish
2 A5 Adgstglon, o5 Hig e g FAE =9 FAT gaE ol 7} FFE Lol = 249
IFe Y FE AAES T F (Ao 22| BAH aset AeMol A Q45 Hot T WS 47
R e
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AriApelsta), sh, g, e
skl Az Rlska, 14, A g, tfeE

o?i
o

ol ofd Sl Agshe ARolA ARl dFE

= =
L = bl
u]AE 41 FHSHL, 059 A§ A A BFS B 6 o] ek,
KR
=

A 10914 HESS FH, FHASH, S5 Al 2 0F Aot 7t 2704 sHHof 717k

H &5 Aok AP Aokt AE2 w9 FHCIEF/AZR) AR E 24 9§ A7kt &%?r
AFE v e G EA5IAT Two-Way ANOVASE AR HAS B3 29 HE Jejo Fav U
4T Ag a3 Aok

ApZn  FAREA A3t A5 wE FEIHE FouoHAl YER o H(F(2, 9290)=17.792, p<.001), HE

FH A Fogt 2olE BYUTHE(2, 9290):373.532, p<.001). Z5 8} HE g 7+ AT AE 57 E3t
FAHOE Fou|stATHE(, 9290)=5.219, p{.001).

AFS BRI ME AW 279 Bt vhe AJ7ko] 685.60msE 7H B, FEH(751.31ms), $=
(723.22ms) =0] ¢t HE Flof w2 Zpolo A= Test 1(24 $1A] AADo] 556.45msE 713 S-4=519 .00,
Test 2(5-2F9) 12D} Test 3CFR A 2P F49D9] §H AR ZH2F 812.60ms, 821.76ms= & #tol&
Ko7 gkoket.

F_EL

FE SIS ZWeld A8 A9 AHE 4] AW ] AstE, S8 H5 AhgAe] § v et
ol QE&% o] AMEALS] HI A A ALE ofE wfjEOo R S| HT HES HF2 A ELE AR o 2
FFS nHoH, 7t HEC] AEFET} vhg- AJ7ko] Brof AR/ o] A UEbylth. 9t ST} 7k
&S AT o @5]e] ARSI o] AstEls At #x0] MR of tigt o] AR, vIAFHA A4A|e] gk
7Hs S AR FF A dE 59 ol e S ASH R St D g7 9t

FEHo Touch Interface, UI, UX, HCI, Screen Usability Interaction
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