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Development of an Optimal Mattress Recommendation Model
Considering User Body Shape and Mattress Experience
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This study aimed to develop a recommendation model for selecting the optimal type of mattress by
simultaneously considering users' body shapes and mattress usage experiences, thereby contributing to improved
sleep quality. An experiment was conducted with 176 adults who had more than five years of mattress usage
experience. The experiment was designed to derive priority rankings for eight different mattress types based on
user body characteristics and mattress usage experiences. Machine learning algorithms including Decision Tree,
Random Forest, XGBoost, and LightGBM were employed to build the recommendation model, and its
performance was evaluated using the NDCG. The results showed that the XGBoost model achieved the highest
performance (NDCG@1 = 0.7139) after relabeling. Although this performance is not exceptionally high in
absolute terms compared to previous similar studies, it demonstrates meaningful efficacy as a personalized
recommendation model in practical mattress selection scenarios. These findings highlight the importance of an
integrated approach combining physical and experiential factors and are expected to serve as foundational data
for developing personalized recommendation systems in the mattress industry.
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Table 1. 8 Mattress Types

Mattress . . :
Base Spring Top Material 1 | Top Material 2
Type
A Pocket spring Wool Memory
B Pocket spring Micro Pocket
C Pocket spring Mini Pocket Memory
D Continuous spring Wool Memory
E Continuous spring | Micro Pocket
F Continuous spring | Mini Pocket |Chemical Latex
G Continuous spring Silk High Resilience
Foam
H Continuous spring Bonnell
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e} 87) 1522 U thKorean Agency for Technology
and Standards, 2021). o]} Zr 19| 7]F2 BMI H A 5
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7120 2 4439 thKwon ef al,, 2021),

Table 2. Research Subjects Summary

BMI Index
Categor Below Av Above Av Sum
gory L L (Person)
Men |Women| Men |Women
Bel
COW 2 2 2 88
. Avg
Height Ab
Ve 2 2 2 88
Avg
Sum(Person) 44 44 44 44 176
334834
A8 & <Figure 1>3 20| 8744 F3 9| mjEg 2~ &
AT FLGES FAHNES THAGT TN
Ef2 248 QA3 RHES BE HED 2 FUT A
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Figure 1. Experimental Environment Setup
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Table 3. Factors Collected through Usability Evaluation

Category

Factor Measurement Device

User Body Shape

Gender, Age Group, Body Shape -

Head Circumference, Chest Circumference, Breast Circumference, Arm Circumference, Hip
Circumference, Thigh Circumference, Mid-Thigh Circumference, Shoulder Width, Hip Width,
Seated Belly Width, Seated Hip Width, Belly Width, Head Thickness, Waist Thickness,
Hip Thickness

Martin Anthropometer

Height, Weight, Skeletal Muscle, Body Fat Percentage, Muscle Mass by Body Part (Arms,| InBody Measurement
Trunk, Legs), Body Fat by Body Part (Arms, Trunk, Legs), Abdominal Fat Percentage Device

Mattress Usage
Experience

Preferred Mattress Firmness, Average Sleep Time, Sleep Position, Main Factors for Mattress
Selection, Overall Satisfaction with Existing Mattress, Firmness Level of Existing Mattress

Usability Test

Usability Evaluation for 8 Different Mattresses (Satisfaction, Cushioning, Support, Discomfort) -

3.5 Ag4) <Figure 2> A79 B7} 43 AAE <Figure 3> BAE 71
3 BAL ANGY B AR A AT RS AT B
B ATE BARAR A3 FEIRARRANVIRY A3} FNGS 4 4P FANE AU £
B A E e T AP ATHA WM P01-202011-23-004).  WEZ 2 AE A 2247 A3 5 A A A
’ No. ‘ ’ Main Contents
Explanation of the Usability Test Overview
) - Listening to the research purpose and precautions
- Signing the consent form
l
Pre-Survey
@ - Collecting basic information of the participants
- Collecting participants' mattress usage experience
l
Body Measurement
©) - Measuring body circumference, thickness, width, etc., using a Martin anthropometer
- Measuring BMI indices by body part using an InBody device
!
Usability Test
@ - Experiencing 8 types of mattresses for more than 15 minutes each
- Conducting usability-related surveys on mattress cushioning, support, discomfort, satisfaction, etc.
- Interview
- Conducting an interview about overall satisfaction and a final interview

Figure 2. Experimental Procedure

<Explanation of Experiment Overview and Pre-Survey> <Body Measurement> <Usability Test>

Figure 3. Mattress Usability Test Process
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(1) Data collection and preprocessing module

——vl Extraction features based on Grid Search ‘

| Relabeling Mattress priority ‘

!

(2) Personalized mattress recommendation
prediction module

User body type and Mattress
experience dataset (176
participants)

Machine learning model training
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Prediction of suitable mattress type based on
optimized model
T

S

Prediction suitable mattress

Figure 4. Architecture for a Mattress Recommendation Model
Considering User Body Shape and Mattress Usage

Experience

Hole =3 3 Az ZeoA= A4 AF 8 ET A

AHEA B ElOlE E VMo R A BA I gol &Y A
S ARG HolE o AlHA S Bt Ey] Y8 B B A
Alste] SEAY HHol AFA 1A SRl YHA o] i3
gHHolE & AATOEN 4 B A EE FHAA T
o| %, AHEALY] Fuf AA A M E 2 NI EE NI S A g o]
8 s Fdste] Bk A3 F1E A Fst A kgl
Melet 22y fEY A M BEAE AAH dolg
£ 7IMOE oF RAS et BY £ dAdA =
OAAED, A9 Ty 2~E, XGBoost, LightGBM 2] H A&y

oL
o] [‘

S grlstgn md
3l7] A3l 5-Fold 2
89t 4% H7le

TEA7ILL %
H

_,4
Sobt
ox
o] r
mlo
n}i
o|N

[1

Of

A%< B9 stol e E 273

NDCG(Normalized Discounted Cumulative Gain) A 3£& A-&-3}
o EEgA XMTEY SAeS 7HtoE HAlgyY Rd S
e LTS

(O HolH 3 9 A48 B8

dol8 3 9 AX e &A= MEY 2 AHA BIHE
Tl A2 AT oA tolEE 7Ife s AAY AL T
3ttt tlolel ME = 8744 39 fE 2o Bt A
T 2 A3t 23EG oM o] & & Hlo|He} H2E 1)
o|HE 8:29 HI&E Yol AHEstAtt HolH 3 FA el
e AFHAEY 719 2FAS 2 AY A, TH 5
# EYA AL B 54 AHH fEYA AEE TS ZA
stk =3 87k 38 «] EZ2~E Bl W E 2
ML 5o HolHE 53tk £ E HolE & One-hot
gate] M3 vlolHE TAHoR BHTL
2 B9 884& =% tHCerda and Varoquaux, 2019).

3

o T
MEZ 2 FH Zd o Jeols ATz HolH e F4o]
< "3 ]

T2 9= 1 AT dolHe e84 o4 ad
< Hgstez B e SHol HolH Y AHH s 2A T
o wehA d@gol Aojd dolHe 4 ZE AR &
AstAd 4= glof ElolE AAlg] dACA WEs AEstal
ZAd ok k. I 4L SEAL MEY LS AP
3 Ypg SR A Al whet B E £3 ellE d#
e fAEAE Sdste HH o= JAFHJUT o] A
A Eg 2 A REA ”Jéli' @*Sﬂr &lz T4 %4 B7p

golEd HAHAM = AEATH E LS AP F AZ
ste MiE A FHTS s, AP S 5 A5 A
o= IS WISk ol & Faf AHEA A B AR F
e Aestid g2 A HolHE A l%%‘fﬂ
AT Aol FAH M= 8o HEZ 2 F AHEARL
o 3 S wgste] FRTS R dEshs e ]"Jé}

3

z
Lol 1 9leh 291 & 19 28, 3¢9
B, 5edgewdE ‘3*4 18, 7%

3 34 ©

l-

Table 4. Results of Relabeling Mattress Priority

Mattress Priority from Mattress Priority from

Original Data Relabeled Results

Ist, 2nd Priority Ist Priority Group

3rd, 4th Priority 2nd Priority Group

5th, 6th Priority 3rd Priority Group

7th, 8th Priority 4th Priority Group
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MEZ 2~ 309 A4S St £ ATl e bAA
Ef], 9 LY X2E, XGBoost, LightGBM 2] M1y &g Table 7. Sleeping Environment
i%}iii{i} %frﬂff U‘T]]l:ﬂ/\ :]-}gjzﬂ] 13 itlz Sleep Evironment | Percents | Sleep Duration | Percents
s o T E e Cold 1.94 Warm 4757
HOlEE QIE e} o 53 AU Cool 15.54 Hot 0
HAYy 2de Ades Hrksty] A 5-Fold RAAF Neutral 34.95
(5-Fold Cross-Validation) < =8 3} #}A g2 whA|sl, =9
L O o o e
jj :E]};:a;]; ﬁi};&)ligixf :f i:ﬁoz 2 S <Table 8>3} 2] _4 A A Ao #HE AE
A9 WSS AR A 5 NG GARE g o AR BT TR S e T
o ol sl %o %I, o 7o AN E §6‘}% FYAAT} 23.40% 2
0]'011 UHEﬁ].’: —r;d-g] 7&2]'*04’} E‘ = ;50}93\1—’]' NDCG ZA]—QC’*E} EL]’T Z}/\']]“: 3.95% 2 7]. 7} Lv]-ol-

= AR A 9 2 AL AA &9 AsE Brlske AR
2,74 &5 F4% @7she b A2 NDCGE DCG
(Discounted Cumulative Gain)$} IDCG (Ideal Discounted
Cumulative Gain)E 7|2 A4S H, DCGE 24 £49] &
S el wet 7t AE ol Adteta, 2 &9 &
ANLFE o & 745 A5 =th(Napel et al., 2010).

4.2 3}
4.1 A4 7}

AT ALY o AT <Table 5>9F Z0] EA4 46.6(x9.8)
Al o4& 47.4(£10.8)41 9 9 = Yebstth B 719 45
A& 175.85(+5.83)em, A& 162.37(£7.76)em H 2. ¢ &5
AE 94 73.90(=11.09)kg, 4 53.67(£9.80)kg &2 UERST,

Table 5. Demographic Characteristics

Gender | N| Age (year) Height (cm) Weight (kg)
Male | 84| 46.6(x9.8) 175.85(x5.83) | 73.90(+11.09)
Female | 88| 47.4(x10.8) 162.37(x7.76) | 53.67(x9.80)

Table 8. Preferred Sleeping Posture

Sleeping Posture | Percents | Sleeping Posture | Percents
Foetus 35.87 Soldier 23.4
Log 3.95 Starfish 14.89
Yearner 17.33 Freefall 4.56
67HA 44 Vﬂ + Kuwahara and Wada(2017)<] <10 A e
W A A S AN E B 2 26 0.1 <Figure 5>} 2T}
Foetus Yearner Soldier Starﬁsh Freefall

Figure 5. Typical Sleeping Postures (Kuwahara and Wada, 2017)

<Table 9>9} Z+o] AT AA S0 T3t nER 29 A
Fof A 2AGAE 25 FAT HEL2E AEsE A

MEZ 2 20 484 BY 50 A0 g AR 89 360 MY BROH, TN =29 23 T
ABE <Table 6>3 2k & WA zlo] Ao Sudt o @ MEAE ADehe HlE0] 21.74% 2 F UAZ =4 1
TURATL 43% 2 7 BRI 10AZ] 0% 2 714 Ay BT
Table 6. Sleep Duration Table 9. Preferred Mattress Firmness
Sleep Duration Percents  [Sleep Duration| Percents Mattress Firmness| Percents |Mattress Firmness| Percents
4Hours 0.57 8Hours 27.04 Very Soft 248 Slightly Firm 21.74
SHours 2.27 9Hours 341 Soft 21.74 Firm 3.73
6Hours 23.14 10Hours 0 Slightly Soft 36.02 Very Firm 0
THours 43 11Hours 0.57 Medium 14.29
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NDCG@4 ¢+ &3t *PH e 7H«l HEL2Z 9
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o Hrh Bt AEE AR AR AY T Ao,

Table 10. Mattress Satisfaction 2 AFNHE FAGS A sty mde] guls A8 &

Mattress Type Satisf.action Mattress Type Satisf.action }E}i] 7171 'rliS-EFi)ld;-;} AS< %3]]‘ 3]’2]515}?‘3] ﬁ’ii

(7-Likert) (7-Likert) 760}3’114 o] Foll g5 vlolHol tiet mdof Yt} A5

Type A 4.62 Type E 3.81 < AFea, H2E HolHdAE M A s BY

Type B 4.95 Type F 5.09 IEE 39t B7F A <Table 12> o] Uehyton,

Type C 4.74 Type G 4.89 Eﬂ o] B4 HAFYNDCG A EE 53 7 nd o] A%< v
Type D 3.79 Type H 4.64 At

12 AR §9 =R 24 o5 A5

B AZo e Eg 2 33 A 2EH] 3848 3713817
#8) NDCG X]ﬁE%L%‘SWE} EZ 2 A8 oA 2H]
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Table 11. Analysis of Mattress Recommendation Priorities
Using Machine Learning Algorithms

Item Value
. Decision Tree, Random Forest, XGBoost,
Algorithm . e
LightGBM (Classification)
Personal Information, Dimensinal
Input Data Information, Comprehensive Survey

Information
Priority(Mattress)

Output Data
Methodology for

. NDCG@K
Performance Metrics

AEARZE Hol &Y dof 2§ NDCG@2%+ NDCG@4~
A&t oH, NDCG@2e 391 270 WEg 2 a9
gk BHAH S NDCG@4w 39 47 WE 2~ S

Table 12. Performance Evaluation of Top 8 Priority Mattresses

OARED 2de A4, gol&d A NDCG@2(Test)=
0.5988, NDCG@4(Test)= 0.5413 2 Upebon o] B8 Fo
ENDCG@]1(Test)>0.6138 % NDCG@2(Test) = 0.5933 2 A%
St AP XY 2 E 2L o] 53 A NDCG@2(Test)
7F0.6429, NDCG@4(Test)7}0.6125 2 e o1 o] &£ &
o= NDCG@1(Test)7}0.6872 % ™ NDCG@2(Test)7} 0.6714
2 PgEE FAsAT. 53] 5-Fold A7 A4 = NDCG@?2
(5-Fold)7} 0615691 A 0.6638  Z7}31o], glo] &8 o] A% &
Aol 3R FFE AL AT 5 AN o] = Fo] 7
shebvl e A 85 53 Bl AE dlo]E 9} 5-Fold 23 2He]
Aol SEREUTE FAstATh XGBoost L Hol 58 A
NDCG@2(Test)7}0.6794, NDCG@4(Test)7} 0.6672 = L EFE O
o #o]&7 Zo= NDCG@I(Test)o] 0.71393 NDCG@2
(Test)7} 0.70492 NDCG@1°] 713 & A5<S 7153
LightGBM =92 #o] &5 Z NDCG@2(Test)7} 0.6912,
NDCG@4(Test)7} 0.6884%2 ZAHE A oW, Ho]BY o=
NDCG@](Test)7}0.7052, NDCG@2(Test)7}0.6814 2 1 = ik,

o] 9} o] Fo| &7 & o i ZH oA NDCG A %7} &
g o, E3] XGBoostS} A L 2E 2@ o] NDCG@?2
MM 7t E AT NS EAT 7 2 45 B Y
> XGBoosti Eﬂ o] E" ¥ NDCG@]I(Test)© 0 71398 7|5
3t H1 e AT £ 5-Fold 45 234et B~
E tﬂOIEH % | frAFSHAl e Al E A o] les Sl e

: EZ 2 3 Al 2"lo] 4uHAHe] AA] FHuf
JHEJ% s o%} DS Al

o Before Relabeling After Relabeling
Classification

Model NDCG@2 | NDCG@2 | NDCG@4 | NDCGw4 | NDCG@I NDCG@1 NDCG@2 | NDCG@2
(Test) (5-Fold) (Test) (5-Fold) (Test) (5-Fold) (Test) (5-Fold)

Decision Tree 0.5988 0.5752 0.5413 0.5629 0.6138 0.5921 0.5973 0.6094
Random Forest 0.6429 0.6156 0.6125 0.6374 0.6872 0.6638 0.6714 0.6835
XGBoost 0.6794 0.6527 0.6672 0.6715 0.7139 0.6925 0.7049 0.7112
LightGBM 0.6912 0.6684 0.6884 0.6797 0.7052 0.6847 0.6814 0.6938
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