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Verbal theories

Dynamic,
interactive nature
of human Formal models

psychology

‘higher level of x can lead to
an increaseiny...”

dX dw
¢ = b(X) + O'(X)E

Statistical models

y = ax + b, VAR(1), ...
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NSRGRFRENE RAREIER

« 7=~f5): Clarkfyim 2GRS (1986)

o {RAERSIET 5{AMEE (physical arousal, A) 5B RSN (perceived
threat, PT) < BIH)EMIEIL.

- [RREREESIESAMAEE (physical arousal, A) HEBRERANGHRIES; X

— i3 ERFREIESN N EFERUE M (anxiety sensitivity, AS)
« HEAMRRF (perceived threat, PT) B&ERT, MAEIE S B4 RF 9 BAH
BUiEEE, BIHINZkEEITH (escape, E) ,
. ()
..,/ Physical Perceived \ ..~
T ey

~_ 7
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Stochastic differential equations (SDEs)

%:T‘A(SPT_APT—A GHAH)—I—(TAd;f
dH APai 14
E = TH(AP.-LH —I—hi‘t; _H) + og dt
dPT APapr dW
T:TP » Parr —PT—SEPTE)‘FCTPT?
APAPT + By pr
4B _ PTUEpdW
dt e PTPrre hz;?g TE 4 dt
dAV A SPas.av dW
—ZT‘A'L( B —AV)—FG';H—
dt AS;”’” + hys v dt
S
hapr=1— —2
AFT 0.5+ AS
F:=+vAxPT

SRS

o
*IJC:LEQDJ

AGUFEBERERRGIEIL

AX _ oy o AW
a (X) + o( )E

: Arousal

: Homoestatic Feedback
: Perceived Threat

: Escape Behavior

: Avoidance

: Arousal Schema

: Fear

Arousal
schema
[AS]

Homeostatic
feedback
[H] \
Physical

arousal
[A]

Perceived
threat
[PT]
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Arousal
schema
[AS]

Homeostatic
feedback

[H]

~

Physical
arousal
[A]

AEIRAEZS (phases)

0.8

0.6

0.4+

0.2+

AS

— fear

5000

10000
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s RiGh R EZEMNBEEERASBIE AL (self-organization) a4~ [EIRYHE
7 (phases)

- XEBSARESRRE, ttAgERENA RAY

« XEHESKHEREM (stabilities) X TIEMNMAERMLTILIIFE (changing
processes) IEFEZE (Hayes et al., 2015)
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- =M (landscape) BaMi (Lamothe et al., 2019; Olthof et al., 2023; Wichers et
al., 2019)

« RGURTS — M2 LAY/ EK
» ERORRVIRARNTRE ; EBIXRYIRE" AR
c NEKIET TN ERIEREMALE

- “IRET (“IREITFT) MNRFEHIETS

o~/

o healthy maladaptive healthy maladaptive \ @@

GLR
!

maladaptive healthy
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Homeostatic’
feedback
H
..,/ Physical
a rousal

dt

ssssss

Perceived
threat
[PT]

daw
=b(X) + O'(X)—

AS

00000

anqa] o+ B

R G R =

00000

PR3 ?
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YRS RIS BE R HUE X ERT RS T

Ccll—f=*F= VU U=dX

* Zero inertia approximation Z:JEFH ?%2&&%2}5
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RTBjJIL.\/‘,zI" %?‘ %1;7%;

UE T MBS RE

o [T X IBEERE (Wang et al., 2018)
%IJFH ?Qﬁ%ﬁ lu\ﬁﬁan&/J\éé_%ﬁﬁ

U(X) = —]n Pss(X)

. S EHFRER AL

- ATAE RS

s Fo 2R Tm?

R 5 A

REREE
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MENSREHFRENT B REERH A

Simulation-based Landscape Construction for
o =) / Dynamic Systems |
Original model o o Pt (https://cran.r-project.org/package=simlandr)
[A] [PT]

Add noise to ensure ergodicity & convergence
Adjust parameters accordingly

Adjusted model Monte-Carlo Steady-state UX) = —In Pss(X) Potential
simulation distribution landscape
g .-'*il: A
Al
Cui, J., Lichtwarck-Aschoff, A., Olthof, M., Li, T., & Hasselman, 4 l' i
F. (2023). From metaphor to computation: Constructing the ¥ g .’i 1I P
potential landscape for multivariate psychological formal e |f] ;|',; A \‘;,,\
models. Multivariate Behavioral Research, 58(4), 743-761. =1 ;/ P
https://doi.org/10.1080/00273171.2022.2119927 g | =1 | N e
Cui, J., Olthof, M., Lichtwarck-Aschoff, A., Li, T., & Hasselman, Wy dos Mo 0. 20 5 g0 ‘380 >

F. (2026). simlandr: Simulation-based landscape construction
for dynamical systems. The R Journal, 17(4), 173-191.
https://doi.org/10.32614/RJ-2025-039

FTU
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https://doi.org/10.1080/00273171.2022.2119927
https://doi.org/10.32614/RJ-2025-039
https://doi.org/10.32614/RJ-2025-039
https://doi.org/10.32614/RJ-2025-039
https://doi.org/10.32614/RJ-2025-039
https://doi.org/10.32614/RJ-2025-039
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MENSREHFEREEN N

0.8+

0.4+

0.04

AS: 0.1

AS: 0.3

R 7k

AS: 0.5 &1

\

AS: 0.7

AS: 0.9

AS: 1.1

~®~ Healthy phase

-8~ Panic phase
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« AT \ENTS R G RV A B I TSR IR ?

o BRI\ HIE
- ZIGIMET % (experience sampling method)
o smiEANE][Z
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. U ——
- (BB AR E % A |
—RHOR, HE—FIFAE W
o SESELIRIRASBER A2 i £ [+

LAY

Mestdagh, M., Verdonck, S., Piot, M., Niemeijer, K., Kilani, G., Tuerlinckx, F., Kuppens, P., & Dejonckheere, E. (2023). m-Path: An easy-to-use and highly tailorable platform
for ecological momentary assessment and intervention in behavioral research and clinical practice. Frontiers in Digital Health, 5. https://doi.org/10.3389/fdgth.2023.1182175
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Eo

ST EENRBIERN X B R BT

&‘

100 4
. WikdeR: & free softwere gpphcation for mberval-based vidéc-medisted recall - [m} * 5 75
2
[
“a-‘ 50
2
o 259
S i
cene ; 3 2 6
. _ Interval
In the previous movie segment
100 9
| sawr an animal that looks most like a
: B 751
Bird 2
) o
Buniny o
= 909 \ .
Tiger T \
3 o / \ \
Mone % 25 4
04
4 8 12 16
| think they tried to show... Interval

Suppression
o - _D-
(=3 (4.3 o

(]
&

e - [N

4 8 12 16
Interval

Partner 1 =@ 2

Meers, K., Verhees, M. W. F. T., Kuppens, P., Versyp, O., & Ceulemans, E. (2025). ViMeR: A free software application to support
interval-based video-mediated recall. Methods in Psychology, 13, 100215. https://doi.org/10.1016/j.metip.2025.100215
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TR ENEHIEN XB R IA

c RGEDhEE: SRR

R

\
Maternal Behavior 2 @G -\

Infant Behavior 1 ¢ =

Infant Behavior 3

O

V3, MERE, SEWGIE

Timwi - Trmd

W R

%
~

NN

Time i Time i+1

Tima2- T3

# [1: Anhadona

® D4: Lew snangy

& S Appiriie probiems

& 0f: Worthipseness

= OT: Troubls concaniniing
& D& Poychomolor problams
& D Suicidsl issation

& AL Arocedy

& A Uncontroilabin womy
& AJ: Garerallzed woiry

& Ad: Trookia reliocng

® A% Rowledaness

& AL |mitabdty

® AT Faar of awhal dvonis
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>4
EX}

CINEIEE

SINCIEE

ZHI X B BERE A

&‘

ER}
\Im

AY

B S 2245 E (Olthof et al., 2020; Haslbeck et al., 2023)

| feel down Unimodal Unimodal Bimodal Multimodal

(symmetric) (skewed)

= Rowland I. (2020
0.5 lomera ot 2020) 14.1% 32.6% 48.9% 4.4%

Subjects: 125
Scale: 0-100 2{ ; . ; f; if
Av Time Points: 173
Measures/Day: 6
Bringmann et al. (2016)
liems: 6 24.9% 53.5% 20.3% 1.2%
Subjects: 95
0.3+ e om0 @Q ?\
= Vrijen et al. (2018)
0.2 tems: 4 19.2% 40.9% 35.3% 4.5%

ﬂ 4 = Reference: Curent
Measures/Day- 10
Subjects: 138 M
Fisher et al. (2017)

)i )i )
??/

Autocorrelation

Population: Students

Reference: Current

Populafion: Clinical

Scale: 0-100

Av Time Points: 84

Measures/Day: 3

ltems: 17 40.4% 29.3% 29.1% 1.2%
Subjecis: 40

Scale: 0-100 M S
Bringmann et al. (2013)

ltems: 5 32.1% 49.1% 18.1% 0.6%

Reference: Retro
Av Time Points: 114
Measures/Day: 4
Reference: Retro
Subjects: 130

b Populafien: Clinical

)
g

Population: Students
Scale: 1-7

0 250 200 730 1000 Au Time Poins: 59

Measures/Day: 10
Reference: Current

Lag Population: Clinical

}
$
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SRR SN CIEET= ) &

o G AN AN X L AFIE R T HA

Different Higher-order Multiple

Feedback Asymmetric

Loops Relationships ~ Time Scales Interactions  Stable States
iy
VAR
Model /‘\ \/ \/ x x x
CEMED
v X X X X

Relaxed Excited Happy

Satisfied

KB 70k

v (Haslbeck et al., 2021; 2023)

Empirical Data Data Generated by fitted VAR

AR % MWMWWWM %
oy AT ? WMA‘MNWVW %’
YW e % WWMWWW %’
o e g
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« BANREREITT A
« RVFEZIMENNF
« RS
- SO ENE T RZED
- B TR
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- BIEE/D, EEEERZEGT fitlandr
. WS 1ETT =P~
- IESHBAERT HATE (AREHER) \“ﬁ\//

A /7=

- NEB MARTERSS S, SR XBERY

IR T I B e
NN~ = = 7 7 7
NNNNN NN~ A
NN NN N N - e s s
RN T TR T R B rot ot U |
)y ; A vy Cui, J., Hasselman, F., &
/ =0 Lichtwarck-Aschoff, A. (2023).
y ¥ 4 ¥ A/ /s -~ N NN Unlocking nonlinear dynamics
¥ ¥ ¥ ¥y =~ X and multistability from intensive
VAV A A A A A N N G longitudinal data: A novel
_— - method. Psychological
K KKK K ~NX Methods.
VA ek S S N ' https://doi.org/10.1037/met000
VA g e o DN 0623

v
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ST EENRBIERN X B R BT

« HIRBIC=1H: ZE=EIHAAEIT

YK (e — %) (X1 — Xi)

A = =5 G — %)

« \NEIEIHZ|T XFEBERE: simlandr

U(x) = —InPgs(x),

Research Group of Quantitative Psychology and Individual Differences | KU LEUVEN
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POE-NCIEE

LY

EHT XS RER BT IR

o SCUFRFTREL

. B

‘ W‘ . \ b € 1
| \ R | | ‘
1 |
|
‘ ./4 \‘-\| ' \'.I ‘I| ., .
| | Bl 'Iw'l n e
3 1 | | | \ "| —wme |k
L (] \ :
| [N #
” \ lﬁq |’ ‘Ill“r \"l ‘.I \'. ‘
| i L"‘J ¥ l ]‘ |‘ { / ,"I
d
u
! " nmesab " ' physical selfworth

[
physical self-worth
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- BRERM™MERBE

EHT XS RER BT IR

LAY

a i
. u
H s
&
- variable H] 4
K]
g B0 2
g 2
&
g
i
|/
r
e " ] 3 ¢ 1 “ []
aro! time: physical selt-worth physical solf-worth
d | K 1
\
/
v/
v {
0 y‘ @ H v 5
08 rinble £ £
g £ & 4
g a0 perceved fivnss /| Fe- T .
p / 2 2
ao — physical saltworth | | ki b
20 | § 5 2
] a a
[ | ‘
/
Aug 22 5
time

& i &
time. physical self.worth physical self-worth
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SREMBIRBI T B RER B 7R

TR IO R P4 AR EY
« DI AT REFF AN R B — MLV R OSSR, =k BIERIEIRYEE (R
(Borsboom & Cramer, 2013)
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STREMERBI T BRI F E

o JEIR P LZIE IS FN ] LZ AR AY
c EEEEENNG > EXGEHREE
— FRENEFBRES - FEiN5 RN
o YA IR TEIR N ERIFRE M ?
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SR ZARBR T X B RER B A

« ZBIMTAE: KETEER MAEBIVIRES S &L IRT (Lunansky et al., 2025)

Aggravating Interventions
=1

™\ THE RESILIENCE QUADRANT C  mmmr O\
STABLE _— 75-

:I_EIOCI
=1 Simulated observations

zoomed in
v
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SREMBIRBI T B RER B 7R

T FEMZIRE
« ZMIRBI R g2 I E—F2TS (Hoekstra et al., 2026)

)

Xy =1 Xg=1 Xiz=1 Xig=1

Cui, J., Lunansky, G., Lichtwarck-Aschoff, A., Mendoza, N., &

Hasselman, F. (2026). Quantifying the stability landscapes of Dr. Gaby Lu nanSky
psychological networks. Behavior Research Methods, 58, 68.

https://doi.org/10.3758/s13428-025-02917-7 UVA/AM C
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SR FEMEIRBIAN T B BER B A
« FERGHBENE (FFRIIRES)

H = —Z]ij SiSj

(i.J)

« BIRTS: BURRIEREE
- ERRSTHEITIG

Pss = exp(-BU)
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Hamilton (energy) of Boltzmann
states distribution of states

|

‘ Distribution of the #
of active nodes

|sing network E—

A quantitative and intuitive Conaratizad /
representation of the potential function distribution as “bridge”
stability of the system : ) (landscape)
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Network
structure

Determines

STREMERBI T BRI F E

~ the probability
of microstates

A potential function)

I Potential Landscape I

1 [ [ ] [ ] I)
0 1 2 3 4 5 n (state)
e
Possible microstates
@ 9 @ with two active nodes
(10 in total)
9 Q @ || | |
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e« Isinglandr::shiny Isingland MDD()

[singlandr

BENDY
7 o

,‘r 75 10.0 0.0 25 :In 75 100 00 25 5‘2 75 10.0
Number of active nodes
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o [T XEBERBFIAF XN DIERZEIRE MM E EEHA
s T EBINNFRFIEMERS: MRSTHHAITHRIGFEMET
s FTSEHE: ERMARERT Lz
« ITREME: BEREMEMRSIMLAER

o ERDIEFIRIP AR B/ HE
- ENEAENEZFNIELRMZIRTERE
« JFE:
o [ XFBERHMA X RGN TFHERNTERE A
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ERIDIEFRIRAE T INRIE o) SRS IER

2 BENLIERERIZE 2 24 RETIEHT (Tang & DeRubeis, 1999)
o BRSEURERITHHEIRRT SER AR R E B KRR
'ﬁ'l'xﬂ'fﬂ SHEEVEEPS

d

Tijgf Tt
N-1 N
N-2
E .'{ =] Wi perienced
v Wi nced S
1 I S L L TR R T
. 4— Sudden G
5
o E {
L il Ne Nea Ne3 ~ T {
last
0 1
0 16
Session
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o ZIHMHEFMRPREIHLZINEMAIIISK (Helmich et al., 2020)
- BIRIFEE: FRBE5EHH28%, PARFESE5EHEI58%

A Defined change: One—step trajectory with a sudden gain B Defined change: Linear trajectory (no gain) C Non-specific change: trajectory with a sudden gain

51 m; 51
« I i

i

0 50 1
Time {days)
esearch Group of Quantitative Psychology and Individual Differences | KU LEUVEN
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- BHRTNES = (early warning signals) (Scheffer et al., 2012)

A High resilience B ® Low resilience
)
F

T Wiy

State (t) * State (t)

Research Group of Quantitative Psychology and Individual Differences | KU LEUVEN

m

System state

_System state
(4
s
% |

o
State (t+1)

==
State (t+1)




IBRIOCIEPRIRARETINRNE RN SR GIER

- BRAMF/MHERZRMZE (McSharry et al., 2003; Dakos et al., 2008)

d

Greenhouse-icehouse transition ~a

— 80
S 60 -
o 40 Onset of epileptic seizure
Q 200
& 20 o
0 w 0
L
E 0.90 200k
2 0.85
& 0.80
<
T T : . i} ]
40 38 36 34 32 2 103k
Time (Myr before present) 2
G
>
102 1 1 1 1 : 1
800 600 400 200 0 200
Time (s)
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ImPR OISR ARG TR M E RS R G IR
(e amctiorni EEEaR

- LIRS RHITEE SR
- FEEMBHEXRAUSERERIZEER X
(van de Leemput et al., 2014)
* (Just in time intervention)
- BEEHRRHEE T—H | ’ ] I
ap I MR/ER T HEFR AR, BFUNRIRBIR : :
(Helmich et al., 2024)

L/* B II*

-
-
-
-
-
-
-

autocorrelation
(AR(1))

variance
(SD)

03 0.8
low medium high low medium high
tertiles of change in follow- tertiles of change in follow-
up course of depression up course of recovery
‘ —— content - — - cheerful —— sad — — - anxious |

\_ J
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. . . L. [ 2.5 I
Baseline Double-blind pericd Planned post- Additional post- |
Actual start of AD reduction  assessment assessment I
1 1 at week § l l 1 2.01 :
I | Start of AD End of &0 | I | * i
Day 1 28 T reduction Treduct'lnn 127 155 2349 1.5 !
day 42 day 98 \
L I Y Y J L J
1.0 4
4 weeks 14 wesks 4 weeks 12 weeks
SCL-90-R depression subscale 27
2B
u 2.6 o 04
E 24
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g 20
% 1.8 |
= L6 i
: = |
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=
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« FHS: NERAMEGESFERETAFZH?
e 1. REFEZN—1 =l 5]F (point attractor) %
« 2. BHATNE (G SN ER B EZ™RETRT
- 3. B E G MR THINEMEENTE L

c MRNHEXLEFHSLEMABR?

b“

Cui, J., Olthof, M., Hasselman, F., &
Lichtwarck-Aschoff, A. (2025). Examining
the research methods of early warning
signals in clinical psychology through a
theoretical lens. BMC Psychiatry, 25,

261. https://doi.org/10.1186/s12888-025-
06688-5
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HIf 25 = 9%

=]

&L

e
AWy

Pz

« ZH1: REEFEN—1T=KS|F (point attractor) %
s FEMBBXARAMASRIRE M
« TNRMARPRER (limit circle) H % ?

time
Research Group of Quantitative Psychology and Individual Differences | KU LEUVEN



RHMEE SR G AR

« 11 RFEEEN—NENE|F (point attractor) H &
c MRARGZRBERH WS F?

I

uoissaidaq

Feeling Down
o
a
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-
o : Cui, J., Hasselman, F.,
‘o \o/'_/ \o/: *0»*: “"—\4 o/ h Olthof, M., &
- - - I Lichtwarck-Aschoff, A.

(2025). Understanding

|
i types of transitions in

clinical change: An

-1 introduction from the
complex dynamic
systems perspective.
Journal of
Psychopathology and

| Clinical Science,
- ' 134(4), 469-482.

https://doi.org/10.1037/
abn0000991
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Transition type

Main cause

Predictability

B-tipping Destabilization of the current Yes (under conditions)
attractor

N-tipping Sudden, large perturbation No

R-tipping Moving rate of the attractor Yes (under conditions)
exceeds the ability of the system to
follow

N-diffusion Constant, large perturbations N/A (always happening)
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Do you think your [state] is qualitatively different than before,
YA DN
1: T f—FﬂJ e 141 _F E’\J 7l< E.’l‘_‘L or are you just in this state more/less often?
° % j:ﬁ E ;H ﬁ EI l:l _'; ’%alitativety different \Just more/less frequent
—N Y o = 222 Do you think the direct event that caused the transition
% would also have caused a similar transition N-diffusion
if it happened at another time?

/

Then for the factor that made the direct event specifically lead to the transition at this time,
if it had changed slower,
would the transition have happened?

R-tipping B-tipping
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