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0o ABSTRACT 0O

Stress detection using machine learning techniques is considered one of the most
promising research areas due to the direct impact of stress on mental and physical
health as well as human performance, particularly in intelligent work environments.
This study aims to develop an explainable model for stress detection based on
physiological data obtained from the SWELL Knowledge Work Stress Dataset. The
XGBoost model was adopted due to its high suitability for physiological medical data,
which have complex nonlinear relationships and interactions among different
biomarkers.

The model’s performance was evaluated using a set of standard metrics,
including the confusion matrix, ROC-AUC curves, and precision—recall curves, which
provided a comprehensive assessment of classification quality. Experimental results
demonstrated that the proposed model achieved high and well-balanced classification
performance across the three stress categories, with an overall F1-score of 95%.
Moreover, the model exhibited near-perfect discriminative capability, achieving AUC-
ROC values of 1.00 for all classes.

In addition to predictive performance, explainable artificial intelligence (XAl)
techniques were employed using SHAP to analyze the contribution of different
features to the model’s decisions, enabling an in-depth understanding of the most
influential physiological factors in stress detection. These findings confirm that the
proposed model effectively combines high accuracy with interpretability, enhancing
its reliability and supporting its potential adoption in real-world applications and
healthcare decision support systems.

Keywords: Stress Detection, Machine Learning, XGBoost, Explainable Artificial
Intelligence, SHAP.
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lojlate Aolgs 38 Aad ) Jpeagll I dadine Clealud) o3 ol dlgdl 3 Basale Sl ik
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Masy Al il by Jaee il e Jelin ez 3l sldie) $iS g Les f(X)=0.703
Al Liall (g5isn e o))

ﬂ.X)
LF_NU +0.31
MEAN_RR
MEDIAN_RR 0.1
pNN25 0.08
HF_PCT - +0.07
KURT . +0.07
- RMSSD_REL_RR . +0.06
SDRR_RMSSD 0.06 (i}
26 other features +0.26
0.0 0.2 0.4 0.6 0.8
EIRX)]

.(Interruption) ciiall (e 8asaa 43 dial zigaill JIE Hoks o3 SHAP Waterfall Jabaia :(1) J<ill
Criall (o 230 A3 )8 Al Zhgaill 23l i N SHAP Waterfall Jabias (V) JS&) s
Glajde baugie Jidt Allg <E[f(X)] =0.797 z 35eill dad giall dadll (1o yaesdill dilee (3Lt (N0 stress)
oS sampen s HR s RMSSD_REL_RR s HF_PCT <y ¢ il BYSSINCATIA e e zigaill
(il b adl ol ) elady) Jlaa) Julis ) ol Lea gz isalll il pmid 8 LY il L]
LS Lot ol Lyl IS 0y ¢ 3l Aed 23 3 SDRR_RMSSD s MEDIAN_RR (fie s caanles
o3l (Ailgl) Aliand) & Tasane Ll T8l copelal (Rilaa] e Y1) (93Y1 Clipall degane o
£(X)=0.292 lajlaie 305 dad ) Jseash ) Lo jlaiall cilaalindll

fix)

v rer

HR 0.1
sampen m
MEDIAN_RR
LF_NU m
HE —0.04 .
MEAN_RR —0.04 .
SDRR_RMSSD . +0.03
26 other features —0.03 .
0.3 0.4 0.5 0.6 0.7 0.8

E[AX)] -
.(nO stress) ciiwall ¢sa Badaa duyh dial g igall) )8 i M) SHAP Waterfall kahda :(V) J<il)
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Bame A3 Aual Zdsalll Glajia idy @M SHAP Waterfall i (A) JS& ey Tpal

Jia Al E[f(X)] =—0.598 z3sail dndgiall daill (o el didec fag o(time pressure) ciiall e

JSY Qi S (HR) Q) cilbpen Jare of gilill jelid bl aan e zdsaill il e dacgsie

Jie Qlill Sy Jaee il Aadiye @i 4l origall @l 43S sl palu Cus dulay Db

Jie @) Jladl O caged (Badl 3 .MEAN_RRs pNN505 SDRR_RMSSD_REL_RR

Jp3na e (Ldla) Bae Y1) il did WS EEN IS WS L gl ded mis 8 TP LFy HF
F(x)=0.004 L st 5lgs 55 Aad ) Jyensll () Aaslaiall laalisall sda ol edlgd) 3 Tness

fix)

i
"
SDRR_RMSSD_REL_RR

pNNS0 +0.09
MEAN_RR
:
U.ub

TP

SDRR - +0.06
SDRR_RMSSD - +0.05

26 other features -0.02 ‘

-07 -06 -05 -04 =03 =02 ~-01 00 01
E[AX)]

.(time pressure) ciiall ¢y Saiaa 4a3h dial zigaill J)3 Hads o3 SHAP Waterfall kahia :(A) J<il)

s i G zisalll )i il SHAP Decision Plot cilahis aladiu) Lad (Se
bl e alie Ve JsY Decision Plot Jahde () JS&) jeda zdgaill Gl 3A3) jlse cillaladll
z 35l Ll Ladll (e Teay Adial) clid) Glealus oS5 40 laiaga (interruption) diall dually
il i Cus (SHAP values 1 Sl pdll @Y1 o) (e die IS0 Sl ganl) il ) Yseas
Al i Lew i) ) olal) Jlas) 5ol sad 5l ads ) @lpdl ) (e lil) Ll
Lipe el Gajed bl Dpaall WL Jlaad) 13 i Al clbadl ) (aedil)/3)39) 0slIL) Al
oladl A cplall ) aslinll sy chleall el o i S WS gl luad) (8 Lgiaal s
zasall I o gy ccbaal) il DpeS ) depdal) k) 13 Sym cple OSE Lclad) Gu (gl
e lee el @l Jaee sl (alliad Bae G Judidio delds ey e 5aaly Bhae o ading Y
Basxiall el (e (Ao zagall dudlady LAl ASalin agd
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pNN25
MEDIAN_RR
LF_NU
pNN50

HR

KURT
RMSSD_REL RR
HF_PCT
MEAN_RR
SDRR_RMSSD
VLF
MEDIAN_REL_RR

HF ’ }," ‘l :l" |

higuci
SDRR_RMSSD_REL_RR

i wn

DY

. I (] I|
VLF_PCT l/
SKEW | )’
LF_PCT [ |

-2 -1 0 1 }
Model output value

.(interruption) &al il cllbu) e clie Y+ J5¥ SHAP Decision Plot Jakia :(4) J<id)

Ao gana Cradiid Al Al luhdl e 2305 Blall Labyal) (s ALl 45)lka (Y) Jsaad) ey

Cin XGBOOSE z3sai alasiaaly laitiye Ll 210 Zlad) Aayall el | lgasit SWELL-KW Uil

Gluhall p€e e «(PR) SHl-45215 ROC clinie (e X1 4l 40d i ae %90 caly 383 (38

B elihal) S L may Adlall Luhall e oda @bl degena o cilee I (58]

) Ayl Aaalioe o S35 ¢ paeniill Wiy Sl Adgise §jmr Laa (SHAP 4 aadiuly il

ansla Jale sag ¢ yueainll Ll Al 283 age Ol Gasd ) iy oda oY1 e i Y
HaaBlgll Lgaally dnlall landall 4

SWELL-KW Ul de gasa cradiiad g:m layallg Alal) Al oy ASjlaa :(Y) Jeaad) )

Jaditl) 4018 i) L Aaddioal) 4ua clibull g3 byl de gana Ay
y 98% Accuracy | RF, SVM, KNN HRV SWELL-KW S'Qggze;)a"
SWELL-KW + .
0,
y 1£C((:t?§c@ RF HRV PHRENIC + K'Z'Zt(‘)’l%t al.
y COMFORT (2019)
MyWear smart T- Prakash et al.
0 -
Y 99.25% Accuracy shirt + SVM HRV SWELL-HRV (2025)
Pty anl . .
SHAP 95% Accuracy XGBoost HRV SWELL-KW Agllal) da) yalf
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:(Conclusion) ~<&ll g

Gl paibad o bilde) ool 5l eVl RAS) jpadll My alSie T} Auhll sda culs
cygll SWELL-KW clily dcgene e XGBO0OSt zisai alaiial (HRV) il cilbja Jaee
S ey Lose e cddinall algayl Gl e Olsiay adiye Ciieal ol Giny ziRall zisal) of bl
sle Ade 58 e lae Al 4us AUC-PRs AUC-ROC ady %90 cuialy dale 8y cilad Log
SA) i ad agad ccgpil) oY) Cula ) Aegiie Jidn Cagyl caad Al eV (Sl
caldly Sl Aas) Gl aghy zisall Ldls a3 3 SHAP slasial (XAI) _pedill Bl elidaiaY)
il by Joee Lo ¥ QlEll Gljpen Jaee lil el (ailadll of SHAP cllas cujglal s
Gilsy Lo say ¢ gl cllay gl & 5,90 sl el pNN255 MEAN_RRs MEDIAN_RR s HR
Gl city LS L paall daadl cn @B andl Slead) alanil Ay jell Lnglpudll Guad) aa
G desane Gm daay Ghd e deli o dh Buiie chdge o s Y gisall @l o) ddbid)
K5 alie Astia Cihas 3ae Gy B acd 33 ddas zigall 8 AED e M) eV bl
Aalail skl Tacly laladl ey dediiad) il s Lgdl) AN Al z3la Gn geadl of il o3
oy Ryl daally S Jdeall @il 8 Law Y el lind) 8 olaedl ALEy A g S
e lagie Llad a5l Y1 6 asly clly desene o slaeVl dagyall 25l (e a2l
las zeds elga¥) Clualial gl dalally Glesand) saie ) je e ade bl Ko
Adee Bohd A3y ¢ el ALy Asal) A8 Gy Bsadll du B Aubl sde aged cdlll L Ldli) by
- Gdaill Blla g A g g Adlad ST lga) (RS Lakuil gas
tGbwagdll 10

Glly desane o dlie¥) G sagane J Ll ) duball o3 Lgied ) saclgll il a2,
Glily Glegans o 0 daia o @il o Jeallh ag N Ldlagicas L Ay Ay Ladd 5aaly
aglonall CHLEY) (o pend s culldd GlaSiuly algaY) bl duegl) dadaill dubg saoie
G Gulll LLE e b Akl aleay) Lalal Jadal peedil) DG Jdat mag g B LS LS,
Aadlgl) i)
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