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Effect of Short-Term Visual-Tactile Interaction with Wooden Environments on
Psychological and Physiological Restoration in Humans
Ma Panpan'* Fang Manyu' Xie Tianjun! Xie Jinqiu! Xiao Peng! Wang Feibin? Isoda Hiroshi® Que Zeli!
(1.College of Material Science and Engineering, Nanjing Forestry University Nanjing 210037; 2.College of Landscape and Architecture,
Nanjing Forestry University Nanjing 210037; 3.Research Institute for Sustainable Humanosphere, Kyoto University Uji 611-0011)
Abstract:[ Objective 1 This study examined how material sensory properties contribute to psychological and physiological restoration
in indoor environments, focusing on how sensory differences shape comfort-mediated restorative pathways. The aim was to clarify
restoration mechanisms in real settings and provide evidence-based implications for the use of wood in biophilic architecture.
[ Method] Visual stimuli comprised coated and uncoated Chinese fir wall panels, while tactile stimuli included solid Chinese fir
board and melamine-impregnated paper-overlaid particleboard. Three visual-tactile wooden environments differing in perceived
comfort were constructed, together with a control condition using latex-painted walls and ceramic tiles. Sixty-four university students
performed a cognitive fatigue-inducing task in each condition, and post-task physiological responses were recorded using
electrocardiography (ECG) and electrodermal activity (EDA). Psychological restoration was assessed with the state-trait anxiety
inventory-6 (STAI-6), subjective vitality scale (SVS), and restoration outcome scale (ROS). Environmental perceptions were rated on
Likert scales. Group differences were tested using ANOVA and non-parametric methods, and associations between physiological
indices and subjective ratings were examined using Spearman’s correlations. [Result] Relative to the control, brief exposure to
wooden environments significantly enhanced post-task parasympathetic activity, as indicated by increased high-frequency power (HF)
and root mean square of successive differences (RMSSD) (P<0.05). Surface gloss differences induced by coating produced no

significant physiological effects (P>0.05). Tactile contact with melamine-overlaid particleboard significantly reduced skin
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conductance level (SCL) (P<0.05), despite no corresponding change in perceived naturalness (P>0.05). Psychological restoration
scores were positively associated with perceived naturalness, comfort, and preference (P<0.05). Increases in HF and RMSSD were
also correlated with higher naturalness and preference ratings (P<0.05). [ Conclusion] Short-term interaction with wooden visual—
tactile environments effectively facilitates psychological and autonomic recovery following cognitive effort. Visual exposure to real
wood primarily supports parasympathetic restoration, whereas comfortable tactile contact-even when artificial-modulates
sympathetic activity without undermining perceived visual naturalness. These findings suggest that restorative effects arise from a
synergistic integration of visually mediated psychological relaxation and tactile-mediated physiological modulation, rather than from
a single dimension of perceived naturalness.

Key words: wooden environment; visual-tactile interaction; psychological restoration; autonomic nervous system; Chinese fir
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2025a) , KOG AL 5 75 R AR RS OB @, A TTRE S ELE A R4 (autonomic nervous system,
ANS) DIRERM, BEMGIATEHIIREZEL. MRS AT AE (Sheth ef al., 2017) o CABITRY,
AR Cshinrin-yoku) 55 H SRI 5 5% 5 vl I MY 5 Al A2 22 (parasympathetic nervous system, PNS) i
5. PHIAZ AL (sympathetic nervous system, SNS) Mifi, (€35 0MKE, HBIT4EH: ANS s
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Tab.1 Experimental conditions for each test group

; FHKEE Roughness (R,)/um
JFEE —

415 Group PB4 Visual stimulus ) i 5 4384 Tactile stimulus i LR,
Glossiness (GU)

Parallel-grain ~ Cross-grain

VU-TF (n=16) #2AKH50H CGRIRMD Uncoated fir wall 6.4 A2K Chinese fir board 3.23 9.57
VC-TF (n=16)  FZAHEH CGRifi) Coated fir wall 51.12 #27K Chinese fir board 3.23 9.57
VC-TP (n=16)  AZANIH (i) Coated fir wall 51.12 IR ARG T U /£ 4R Paper-overlaid particleboard 1.31 5.48
VL-TT (n=16)  HFLIKERET Latex-painted wall 2.1 ZERE Tile 0.57

IR E 1 R, AR . BHR., B BEFEREMEZA (Cunninghamia
lanceolata) FE , A M TR IE w75 %5 F @ SURIRE MR FA AT o IR HX 6 B BVLVE A A2 A, BHUIE A 200
mm (%) X20mm (&) X1500mm (£) , PHEAHZEAETE 1200 mm (F5) X 1500 mm (&) AR
BETH o BT — R PR, Y50 2 e, RHmiRREEHITE 80 gm?, [AIFF 24 h, WRIif5E T =ik
RSN T 72 h, W ORE R S A A . BE I 5 — R FFCIRIIIRAS - S0 (E B ANEEE 20°. 60°F1 85°
JEEERIEY  (GB/T 9754—2025) 20K, SKHMEEDGEEZ T (LS197, WYk BRI RA R, $E)
15 60° U264, oGO A& DY MAIEBEE 5 AN AT G BN E o ol ORI A2 AR RIS 53 4R T
WIFEAR FIRETCBEE, RSFA 400mm (KD x90mm (%) x 18 mm (&) . SZI&HT, Frastpis T siEim
PRI HARIE 60 K, DAVHBRFTRESR B 0030k, K EeE T 74,

1.3 SERWHRE

SIS AE R MO K MR R 22 5 TAR S BER SE M Se 00 AT . SEIR AT R FFSEI E R BN, SR (R
S N2 SRIEN T ERREE)  (T/CECS 1357—2023) , R 6 JU/ ks B2 1 5T &
MBI, DR IEE N TR I TFIRSRES, DL OR TS 5o UK IO VE £ T PLAss il £ nl 632 30
I . seig e feisad N s giRe = W ERE GREE 2243 C, AHXHEE 50%+10%) , HHHFiRE
FETHRE SR W -5 {0 3% S i RV B s
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Coated fir wall Uncoated fir wall Latex-painted wall
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Chinese fir board Paper-overlaid particleboard Tile
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Fig.1 Materials used in this study
SEITTIR, Z5F AL E, ISR S IFRZ MRS S, HEEAEENE)E,
TESEES N APRBI N R B Celectrocardiogram, ECG) « FfkHL (electrodermal activity, EDA) {&/#&%s
A AU T S5 AR AR BEAS INE 2% 5 PR S W B 2 B

IHMESS Y A Aot 52 X R 2 U i 5 LS

Cognitive task phase Visual-tactile interaction phase of the wood group Visual-tactile interaction phase of the control group
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Fig.2 Experimental setup and procedure
HERTBEE NG, Z5FEN 180 s FHEM B, LI ERRES . 5 BA5HCRERTI A B AR SEil
b UM TR 1 RIE, JEESEREE 330 s (9 ECG Al EDA 5. H4EsxtE, 5% 58 Stroop
OARTHAESS, (EXSHRERN: A 6 FZity, —HuKRHEIAN 0.2, WIRIAIFGHR 0.5 s, ZRJHr B &
30s, IEZIA 300 s. Stroop 14545 WU fa SLRI N #RAE] T E4E 55 (operation span task, OSPAN) , £E&°K
INEEN 3~T, FERE —NEE KNN3 B, 2 DTS S FERT 2 660 s. (RS2 EERUE, FXIE
M, FEIES A S E AR ARE IR S FE B3R (state-trait anxiety inventory-6, STAI-6) . FMiGHER
(subjective vitality scale, SVS) FE MG R (visual analog scale, VAS) . AT 5, LI
N GRS BRI AR BB TR R AR AT, 25538 e AN o B & RO B B, #7758 600 s IR IR A REE S5
MR, AFEMENE, HS STAI-6 &K, SVS &RV LIKE 4R EK (restoration outcome scale, ROS)
RN ER; ERES NG, EEIHT Stroop FHEEMET LS. SEBSLBRAENE 3 .



ECG. EDAERAIR{ESI05R ECG & EDA recording

HEZMER Preparation phase SEIG B ER Experimental phase
Ties PHESSIITAE | BEH %Zﬁ%ﬁ.ﬂ INEME S AT WAk B INEHESEN
Sensor fitting Procedure Rest Baseline Pre-task Visual-Tactile Interaction Post-task
briefing (180s) |  (3305) (660's) (6005s) (660's)
s5RERIAE R 1.STAI-6[3] 4 LSTAI-6l5]%
Demographics Blood pressure STAI-6 questionnaire | [ STAI-6 questionnaire
measurement 2.5Vsjal 2.5VS ]
SVS questionnaire SVS questionnaire
3.EHVAsE TR 3.ESVASER
Stress-VAS Stress-VAS
4.ROSEFR
I 2 ROS scale
Blood pressure 5 INMBENRIEE
measurement Environmental
perception survey
mENE
Blood pressure
measurement

3 LRAAERE
Fig3 Schematic diagram of the experimental procedure
14 AEERNE
IO AL S (BITalino HearBIT, PLUX Biosignals, Portugal) KE&ER S5 #1) ECG #dl, Kb
N 1 kHz, KA I FETRiER. FRIBEHELE Python 3.9 Hf H] NeuroKit2 (Makowski et al., 2021) i
ITTRALTE, FFHYE R-R (AT S0 R A8 2 (heart rate variability, HRV) o HRV 2} Hr 0 55450 Al 158 2
ANYEFE o AU TR A Welch VAL B D)2l % B2, $EBGE S (HF) LLRARS Stk (LF/HF) , HF Jx
MR AZ A A5 B 7K, LE/HF F TR AEAS 8- Bl 58 B 28 R G (WA S o I3 o0 B 2 HOE i 2 1 o4 )
HWIbRUEZ (standard deviation of normal-to-normal intervals, SDNN) AIAHAPE 1E & 350 Co 48 18] A 28 135 5 AR
(root mean square of successive differences, RMSSD) , 437 st LB A 5 3= piit 48 8 15 7K P RN I A A 283
gy (Laborde et al., 2017) . HF Ml LF/HF & 4w 0 A, Geit o047 it Hab A7 B R0 Bk e
BRI ECG 1B K200y 330 H1 600 s. ydt sl Az e ik, HEAHEEUS 300 s 145
e s BRBNKE I E EE G s A] fe b T PRE RSN AR B, B A 300 s #4750 H7
DA LG AN [F) 2% At R AN AR 8 R SRRSO 22 3 o 12 I A2 BRI 0o I 2 e AL 36 R 5 AR B 2 S T
V40 5 T ik 38l RN A3k 73 A7 OB [B] 223K (Task Force of the European Society of Cardiology and the North
American Society of Pacing and Electrophysiology, 1996) . HZ¢itH % HRV $5 b5k & #AF X T 32k 01 %=
B, HTIPM AR E MR
FIFH Bz H A& 2% (BITalino EDA sensor, PLUX Biosignals, Portugal) R&ER S5 # ] EDA ¥,
KRR 1 kHz, WA T 258 FE R RE RN bR X, JR 623 FFES A NeuroKit2 #E47 il
A, PEERPRIE AL Ay (phasic) FIZEMEARAL 4> (tonic) , 43 F T 8 & ik 8 5 s 3 (skin conductance
response, SCR) FIRZHKHLF/KF (skin conductance level, SCL) , SCR Btk 3555 i i Il 38 (1) 3
I, SCL AR EEAR A PRI K- . EDA ok KA X735 ECG —3. Ib4h, NHE%E SCL 4 mA2
B, H4eFE EDAE SRS NEA 60 s Fl 1, FEitHEAN % DR SCL 1A
1.5 DEERNE
1L 15 22 5 AR (semantic differential, SD) A% A MK &L 23 1O E fR /& 73 23 (indoor
restorative characteristic scale-extent, IRCS-Extent) (Shibata et al., 2024) VAt S 5 #5540k 5 )35 1 32 W
AN, Hrp, SDVERA 7 & kRN, L& UHREERXNLRZ 55N EMITES. HET



BT HEASZIS (Ma et al., 2026) , 35 5T #5 k% Nakamura 25 (2022) AT FTIEEL 4 I 25300 (£ 2) .
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Tab.2 Bipolar adjective pairs used in the semantic differential scale
P4 H AR #PIERE HIHE WA
Evaluation dimension Natural association Comfort Preference Rarity
TEAR %) ANREIRAR B B AR PR - REIRAR B SR 85 ANETR-E7 R W IR-EX WM

Cannot associate with natural environment

Uncomfortable-Comfortable Dislike-Like Common-Rare

Adjective pair . . .
- Can associate with natural environment

N RINFIE DT, RH Stroop MHEAET FEAR A ANEIAESS, 3 0l DPAR I 555 R r #0428 o1l B 0 1 45
EFEE (Habay et al, 20265 Wu et al., 2025) VLK INFUNE 55 6 2 AT 55 9 U5 43 BL FOA7-fifs 8 70 1) 461 3%
(Wereszezyfiski et al., 2025; Westfield, 2024) . b4k, KA STAI-6 (Marteau et al., 1992) . SVS (Ryan
etal., 1997) . ROS (Du et al., 2022) . Jk7J VAS (Lesage et al., 2011) %25 LMK AR ESHEA4T
W&, S MCIRAS R TGS IRE 45 RANE JJ7KF 4 J7 18 s B SEBai f= 10 B AR AL .

ARG OB AR PR SCVRO I B FR AR SR 3 R

®3OLE, AEWBRRCE

Tab.3 Summary of psychological and physiological measures

20 Category

FEh5 Index

ZRAE Characterization

Bl I G B KT

HF
Parasympathetic nervous activity level
AL JRR- B AE AP 2 AH T
‘ LF/HF ] ) )
DAL Sympathetic-parasympathetic balance ratio
Heart Rate Variability (HRV) SDNN R AWK
Overall autonomic regulatory capacity
A8 AT A 05 B KT
RMSSD . ..
Parasympathetic nervous activity level
40 A 22 BT R K P
Fe Tk HIES) Sympathetic basal arousal level
Electrodermal Activity (EDA) SoR M S SRS A A2 IR 28 S
Transient stimulus-induced sympathetic response
& IELENRIAN
AR N Environmental impression evaluation
Environmental sensory evaluation A5 WAL e BT AN
IRCS-Extent L . . .
Subjective environmental spaciousness perception
st )42 1 e
100
IWFIE T 5 K P Inhibitory control ability
Cognitive fatigue induction TRz E=
OSPAN , ,
Working memory capacity
RS FERRT
STAI-6
State anxiety level
VS FE K
RS Subjective vitality level
Restorative state evaluation ROS - EAE
Restorative outcome
FWEAIKF
VAS

Subjective stress level

1.6 Zitor

I Python 3.9 4mfEih 5 MG FEATHAR Gt o0, DS I & 2614 51 R IR L2 7R 7 B A Guit
FREME T AR, EATHESEAWE IS BRI A R bR 2, #8581 Shapiro-Wilk £ 5050
EAHZEME M ESTE XN T R B AEdE, KRABREZRTTZ 5 (one-way ANOVA) A B4 firh it
B RN 25 E RN R, WHE— 5t LSD kA7 a6 56 . X T AN 2 1E &0 A 8t SR
Kruskal-Wallis JESHUGI0H 8 3208, AT A RO 2 B IR OEFEARFEIFEKH Kruskal-Wallis JEZ



BRI AL LN, BN R, WBHT A e, R Holm VAR IE 2 LU P (. BEAh,
i3S Spearman BRAR LI M 0 M G156 %% FE A [R] AR AH O 1

2 GRS

2.1 AEHEBIRER

2.1.1 HRVIURLR  LF/HF W3 BAg i 48 5 Bl AT A 205 sl K-F 4 o B 4 7] %0, %20 Aln(LF/HF)
A8 + FRUER 4> B~ VC-TF=0.1940.15. VU-TF=0.14+0.14. VC-TP=0.06+0.14. VL-TT=0.2240.17,
FHELTHE AP By, %4 Aln(LF/HF) XA /Mg BT, Ui B B 3200 2 P70 ok e 7] 52 /2% 32 5 183 Shapiro-Wilk
IEASVERTIG AN Levene J7 25550, 4 BRI G IER DM (P>0.05) , HFZEFIR (P>0.05) o #i—
T RN R T 0T, BRI EMNA R (F=0213, P=0.887) . X% VC-TP 4l Aln(LF/HF)¥{H
ICTHAMLE, (H2ERARIXG I BEKF, RUIASF SLL0 S5 A0 58 85 R AT I 28 (1) B AR~ 188 0 Wl 35 R i

HF )3 [ B 38 AR A 35 sl 7K 1B 5 7T 40, 2520 AIn(HF) F 2 (EEbR HE 1R 53 318 VC-TF=0.41+0.12.

VU-TF=0.28+0.11. VC-TP=0.3420.12. VL-TT=0.00+0.12, i8] 5 A F A B33 B Al 2 HF T, 1
S B AT AP LTS, (A R . 83T Shapiro-Wilk 1IEZPERIGAT Levene J7 2 - EAG S, 4 4LBIR 7T
HIES A (P>0.05) , HIFZEFIR (P>0.05) o 3BT R 200, A& 3208 i 4% W
+ (F=2374, P=0.079) , BAHTEYNE (5>=0.106) . %$T I, 4k8:3H4T Fisher’s LSD 3 )5 Wi LL 4,
VC-TF A VC-TP A5 VL-TT A% 7 s 8|4t W /KF (P<0.05) , VU-TF A5 VL-TT A ZE R
18 0.1 ZKFFEZE (P=0.091) . M4, 3 NARMAZRBHTLREZR (P>0.05)  BAIME, VC-TF 45
VU-TF AR EZER (P=0.44) , RIEALIRZ TR, 5 E 7L R L5 S AR R A2
AR ATEEI Y, VC-TF A5 VC-TP AR EZER (P=0.66) , R fill U 5 N B SR Ak
5 M A AR A8 R 20 1 AR A

K4 %4 Aln(LE/HF) K5 %4 Aln(HF)
Fig.4 Aln(LF/HF) among different groups Fig.5 Aln(HF) among different groups
*: P<0.05.

2.1.2 HRV E3#Z R  SDNN JRBUEEAR F F LK. HE 6 nIA, WS M54 SDNN BRI
H 0~20 ms $2F, %240 ASDNN HIBME+ARAERS AN VC-TF=8.49+2.14, VU-TF=5.20+4.16. VC-TP=
4.39+1.65. VL-TT=4.32+3.37 ms. Sk & HEHE /A R IESIER T 2535 K5, BRERTE iR, HE
KM ERNA G (F=0.429, P=0.733) , #4081 ASDNN L& %R

RMSSD 5 HF AH[E, B A S e A8 ph 28 J0 H 2 REGE A 2 0600 22 8 715 PR PRty S A $E b, HAE T
R R EI AT BN VG B 38 3% o (] 7 T, 2540 ARMSSD (B AR HE 1R 7379 VC-TF=3.81%1.50. VU-TF=
5.80£1.42. VC-TP=4.13+0.98. VL-TT=-0.27+1.38 ms, [ VL-TT 4Im&H F&E5h, HAhdl RMSSD 76 1% & 1A



BRI P, TR OUEB 5 AR U R R A fi b 58 L] 3 R R AT SRR g B, R B2 T I

Shapiro-Wilk IEATER IR B, 4 HEHE I VU-TF AARKE IEASDAR, B IIER | WEEEL /N T 2,

AR ARLEZS 734, IR Levene A3 7R 77 2255 IR (P>0.05) o BT Z 0 Rn, MR 2%
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Fig.8 SCL temporal change among different groups
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Fig.11 Subjective impression evaluation of the visual-tactile environment

*: P<0.05; **: P<0.01.
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Fig.17 Correlation coefficient matrix of psychological indicators
*: P<0.05; **: P<0.01.
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Fig.18 Cross-correlation coefficient matrix of psychological-physiological indicators
*: P<0.05.
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Fig.19 Schematic diagram of two possible ANS-regulating neural pathways induced by visual-tactile stimulation
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Tab. 1 Bipolar adjective pairs used in the sensory perception experiment

PR fint R 1518 5 (m B VF 4
Visual characteristics Tactile characteristics Affective-preference evaluation
W 5650 HRS-IE [H-%r WIR-ER
Matte - Glossy Rough - Smooth Old - New Dislike - Like
Xof L 55-% Lo -1 NIL-R% JIE-F-15¢
Low-contrast - High-contrast Hard - Soft Artificial - Natural Dirty - Clean
-5 g HP5-HE 8 Bk Tk
Dark - Bright Cold - Warm Unrefined - Elegant Tense - Relaxed
JE- i EFIR-EF IR Beth- & 5t
Thick - Thin Uncomfortable - Comfortable Cheap - Expensive
- WA 48 AR 8 T
. . Can associate with natural environment
Sticky - Slippery Common - Rare

- Cannot associate with natural environment

PPN B AT R R VL R 7 A AT SR 1 DR 2 B, BREUH IR RAIT” “ FAREBRAR” “ R RANME”
IANBLEN T, Ht AR 74395 - VC-TF 415 VC-TP 4075 3 NEFE_E 9754015 0 Bt 26 2 ATz - Wilcoxon
Fro Mt e R0, 2 4U7E 3 N LA RI SR E K. ST 2 B maEmErE . B RERR
AN ME IR R E E R, W&EFE VC-TF 5 VC-TP 1E A 1E 208256 B A A0 fik 5 25 2 038

MR2 BEERTFHASER OELFER)

Tab.2 Factor scores of each dimension (mean 3 SE)

A5 Group  1HIERHIWT Affective judgment I JRIXAE Natural association i fifit{H Value perception
VC-TF (n=24) -0.54+0.13" 0.39+0.19" -0.714+0.10"
VC-TP (n=24) 0.76+0.16™ —0.084+0.19" -0.904+0.14"

¥E: *: P<0.05; **: P<0.01. Note: *: P<0.05; **: P<0.01.




