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Development of a Prototype Device for Guiding Accurate 7-Count Quadriceps

Strengthening Exercises Using Visual Feedback
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1Roong Aroon School, Tha Kam, Bangkhuntien District, Bangkok, 10150
“Department of Physics, Faculty of Science, Silpakorn University, Nakhon Pathom 73000

*buntoung_s@silpakorn.edu
Abstract

Quadriceps strengthening exercise plays an important role in maintaining physical fitness and
preventing knee joint injury, particularly in elderly. However, inadequate control of movement angle and
exercise tempo may increase the risk of injury. This study therefore aimed to (1) design and develop a
prototype device, "QUAD-Guide," to assist users in performing the seven-count quadriceps strengthening
exercise with improved accuracy through visual guidance, (2) apply principles of physics and mathematics
to determine the optimal movement angle, and (3) conduct a preliminary functional test of the prototype
in terms of angle and tempo control. This study employed a preliminary experimental design using two
sample groups. Group 1 consisted of 25 participants aged 40-50 years, selected by purposive sampling, for
physical data collection to inform device design. Group 2 consisted of 4 volunteers, selected by
convenience sampling, for preliminary device testing. Research instruments included the QUAD-Guide
prototype, a goniometer for measuring leg-raise angle, and a stopwatch for recording movement time. Data
were analyzed using descriptive statistics including mean, minimum, maximum, and standard deviation, and
the Wilcoxon Signed-Rank Test was used to compare differences between device-assisted and unassisted
conditions at a significance level of 0.05. Results indicated that the use of QUAD-Guide significantly improved
users' ability to control leg-raise angle accuracy. The mean ansgular deviation decreased from 11.6 degrees
to 3.7 degrees, representing a statistically significant reduction of approximately 68.1%. The mean time
required to raise the leg to the target height also decreased from 1.8 seconds to 0.6 seconds, reflecting a
statistically significant improvement of approximately 66.7%. These findings suggest that the QUAD-Guide
prototype has potential for promoting exercise, and may serve as a foundation for future development of
community-based health-supportive devices. However, future research should expand the sample size,
conduct testing in older adult populations, and perform systematic instrument quality verification to confirm

the device's effectiveness prior to practical implementation.

Keywords: Prototype device, Visual perception, Exercise, Quadriceps, Movement control
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A19197 1 Teyanugalunisenvivesenanaiag (Mg : Lwudluns)

il e 21¢ Asdl 1 padl 2 Al 3 Aedy
1 S01 a2 39.0 40.0 41.0 40.0
2 S02 a5 39.0 40.0 41.0 40.0
3 S03 ar 40.0 40.0 40.0 40.0
4 S04 a4 40.0 40.0 40.0 40.0
5 S05 50 39.0 40.0 41.0 40.0
6 S06 a3 40.0 40.0 40.0 40.0
7 S07 a8 41.0 40.0 39.0 40.0

a o o v a

WinnssunsITegdinudaniezuaznsiauieg19dsdy



NFUTEYNIYINTTLAUBIA AT 18 W InedessiguasUgy 2867

9 - 10 n3ngAu 2569

A13197 1 Teyannugdlunisenvivesnanadng (Ve : lwudluns) (se)

el el 219 Aadl 1 aadl 2 adedl 3 Aady
8 508 a6 40.0 40.0 40.0 40.0
9 509 a1 39.0 40.0 41.0 40.0
10 S10 a9 40.0 40.0 40.0 40.0
11 S11 a5 39.0 40.0 41.0 40.0
12 S12 a4 40.0 40.0 40.0 40.0
13 513 ar 41.0 40.0 39.0 40.0
14 S14 a3 40.0 40.0 40.0 40.0
15 S15 50 39.0 40.0 41.0 40.0
16 S16 a6 40.0 40.0 40.0 40.0
17 S17 48 41.0 40.0 39.0 40.0
18 518 a2 40.0 40.0 40.0 40.0
19 S19 a4 39.0 40.0 41.0 40.0
20 520 a9 40.0 40.0 40.0 40.0
21 521 a3 39.0 40.0 41.0 40.0
22 522 a5 40.0 40.0 40.0 40.0
23 523 ar 41.0 40.0 39.0 40.0
24 524 a6 40.0 40.0 40.0 40.0
25 S25 a8 39.0 40.0 41.0 40.0
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11.6 9377 (AIFAAWINAY 9.8 B3A1 UATANFIGAWIIAY 13.7 D3e1) LAzARANNED 3.7 B3N (ANAAALYINAY 3.0
0P WazA1gegavinAy 4.2 asen) ieldgunsal QUAD-Guide Anillunisanasiosas 68.1 nan1svnaaUsEaRA
Wilcoxon Signed-Rank Test nuinanumaadsuvesunsenyszninensliuaylildgunsaifmnuunnsisiu
agnditfudfyneadnfisyiu 0.05

dwsumsiaeuainauevesianiildlunisenan waiilduanafanisnsd 3 nuinaildlunisenunlild
Anugemudideanisiiuuliuananiloldgunsal QUAD-Guide lnsrAldsvesIa1anasan 1.8 3unf (Awgn
Wiy 1.6 3unit uazAgeaawiny 2.0 Funil) wie 0.6 Fut (Argainiu 0.5 3unii wagAgsgaviiiy 0.7

FJui) Andunisusulsesesar 66.7 Tnenuiannldlunisenviseninanisiduarlaldaunsaifianuuwnnaieiu

q q

o

pgulltpdAYNsEIANIZAU 0.05

Al 5 msmaaeuldnugunsal QUAD-Guide
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M990 2 MaUTeuiisuaranndouvesulunsenviserinanislduas lildgunsal QUAD-Guide

Subject

= = = ' A
AINN 6 miL‘UiEJ‘ULVIEJ‘lJmﬂﬂﬁ,JﬂmﬂLﬂaau"ﬂaﬂi{ﬂumiﬂﬂ%ﬂ

L4 . ANUARIALAGEUYBINIUNTENYT (9367)
A1NUN R — - - -
Laildgunsnl ltgunsal
1 A 10.2 4.1
2 B 12.5 3.5
3 C 9.8 3.0
a4 D 13.7 4.2
ALadY 11.6 37
Accuracy Improvement Across 4 Subjects
149 —#— Without Device
—&— With QUAD-Guide
12 4
é 10 4
o
g
& g
i
o
o
5 o
4 @&—00U e
———an o
—
A B c D

A15719% 3 nsilSeuisunatldlunisenunseninanisiduaglildaunsal QUAD-Guide

o . narluniseny Guad)

adiun Siia - - ; -
lLailggunsal Tdgunsnl

1 A 1.7 0.6

2 B 1.9 0.7

3 C 1.6 0.5

4 D 2.0 0.6

ALads 1.8 0.6

5. aAUsgna

'
£ a '

nan153veAsstuansliiiuingunsal QUAD-Guide musiasanaingideyyiviesdiuuazsuiundnnig

o
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v

nui1n1sldgunsal QUAD-Guide ¥I18anANNAAINLATBUYDIYUNITENYIAIN 11.6 BIA1 iidB 3.7 Been (Fouas

68.1) Lazanailun1sene1an 1.8 Uil 1de 0.6 Uil (Sowaz 66.7) sdnildvdAgnadfAnszau 0.05

nanenauansbiiiudinisldnssuinisaieasiugunsal QUAD-Guide fidugagluniswmuinisniuaunis
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wioulni Fedenndesiununaanisifeuinisiaiaulng (Motor Learning) itdunisieusiiunistdeudeya
v o o A ' & = S Y ' Y Y T B NI ~

dounduwuuiudl egslsiniy nmsdnwiidauiadieg13dndn (n = 4) wagngudiededslilydgeergday
nquidhmnewdn wafilddaduiissusldudewiuwiniy uagasiinisfnwiresenlneiiiu Suueanainsuay

naaeulunguiasengasaiiodudunaluteatiasiely
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