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Biological autonomy and control of function

in circadian cycle
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[Purpose] The present study explored biological autonomy and control of function in circumstances
that assessed a presumed relationship to an environmental cycle. An understanding of this behavior
appeals to the organism-environment system rather than simply the organism—we seek to expose the
laws that underlie end-directed capabilities by measuring biological characteristics (motor synchrony) in
an environmental cycle (circadian temperature). [Methods] Participants (n = 24) at the University of
Connecticut (Storrs, USA) and the Seoul National University (Seoul, Korea) served in the study. The
production of in-phase bi-manual coordination was examined at different circadian points (allowing
comparison of day-night temperature effects) in two experimental designs; (1) normal temperature
embedded in a 24 hour cycle (5:00, 12:00, 17:00, and 24:00), and (2) normal versus abnormal
temperature [artificially decreasing or increasing] while embedded at two points (5:00 am, 5:00 pm)
during the circadian process. A typical bi-manual stability measure varied significantly as a function of
the day-night temperature cycle. [Results] While (i) circadian effects under the artificially perturbed
temperature manipulation were not straightforward along the day-night temperature cycle, (ii) the
circadian effect divided by the ordinary circadian seems to be constant along the day-night temperature
cycle. [Conclusions] The discovery of direct and robust relation between biological aspects (body
temperature and motor synchrony) an environmental process (circadian temperature cycle) may echo
adaptation of our biological system to the environment. This relation supports the claim that the
organism and the environment should be considered as integrated system in which biological (or
physical) dynamics takes place as a mutual factor.

Key words: Physical intelligence, Bi-manual coordination, Circadian rhythm, Thermodynamics, Context
dependency
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Fig. 1. Representation of the circadian rhythm. The plot on
the upper denotes circadian process oscillation. the plot on
the bottom denotes temperature process oscillation between
the circadian temperature (horizontal axis) and the body
temperature (vertical axis).
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Table 1. Experimental design 1

Trials at Task/rest

(min)

Circadian

Condition Participants .
points

circadian

5:00
12:00
Normal 8 17-00 6 1/5

00:00

Data collection for the experiment 1.
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Fig. 2. Reflection of a potential function (HKB model).
The plot on the left denotes the intrinsic dynamics of the
potential function [V(¢)], and the black balls symbolize
stable states (attractors) and red balls correspond to
unstable states (repellors), $2—¢1 =~ 0 denotes a condition
of nearly synchronized in-phase, and 02—¢1 = = (= 3.14,
-3.14) indicates this in an anti-phase. The plot on the right
represents the observed relative phase or phase relation
between two oscillators at ¢ = 0 deg (in-phase), or ¢ =
+ 3.14 deg (anti-phase = m). The movement speed denotes
control parameter and the arrow indicates attractor.
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Fig. 3. Graphical representation of the data analysis 1. The
plot on the left denotes the frequency range of the
amplitude (horizontal axis = time series and vertical axis =
displacement, with the upper figure denoting the left-hand
side and the bottom denoting the right-hand side). The plot
on the right illustrates the discrete relative phase synchrony
(horizontal axis = time series, vertical axis = relative phase
checked peaks).
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Table 2. Experimental design 2

Trials at

Condition Participants Cll’C?.dlaIl each Task/rest
ponts circadian (min)
5:00
Normal 8 17:00 6 1/5
Abnormal 5:00
(heat) 8 17:00 6 I3
Data collection for the experiment 2.
Table 3. Experimental design 3
T Trials at
Condition Participants Clrcz.;ldlan each Task(rest
points circadian (min)
5:00
Normal 8 17:00 6 1/5
Abnormal 5:00
(ice) 8 17:00 6 15

Data collection for the experiment 3.
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Figure 4. Illustration of the temperature according to the
experimental design. The horizontal axis denotes the
temperature check time (TO = take off the ice/heat vest
under the perturbation condition). The vertical axis is the
level of the temperature change as normalized calculation.
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Time t

Fig. 5. Graphical representation of the data analysis 2 and
3. The plot on the left denotes the estimated entropy states
(vertical axis) according to the time series (horizontal axis),
corresponding entropy forces (plot on the right).
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Table 4. Experimental result 1

Circadian  Circadian  Circadian  Circadian
5:00 12:00 17:00 00:00

Pue  SDO Pue SDd Pue SDé Pave  SD
PI 11 60 08 52 15 67 60 43.1
P2 40 431 28 108 50 62 38 16.0
P3 112 67 40 60 15 54 39 177
P4 267 773 17 837 66 101 76 6.7
P5 6.18 407 3.0 136 27 113 46 20.6
P6 195 380 56 59.7 58 333 462 4l1.1
P7 352 40.1 44 209 08 6.1 38 552
P8 425 173 55 400 19 359 7.1 441

1.5
1
@0.5
B o
N
= 5:00 0Q:00
50.5
z .
1 —@— ¢ (rad)
1.5 —A—SD @ (rad)
2 —¥—Temp (C°)

Figure 6. General tendencies in the normal condition.
Normalized = standard score (Z calculation), blue line =
fixed point shift, red line = variability as a function of the
frequency competition, Temp = temperature (Celsius), 5:00,
12:00, 17:00, and 00:00.

rlo

o B4 &g Wego] wape thaAw A f413
A 24X7F e F715 w21 9 Aoz et
(circadian 5:00 and 17:00 points variability =
p € 0.060))= Aol

Table 5. Experimental result 2

Circadian Circadian Circadian Circadian
N 5:00 N 17:00 Ab 5:00 Ab 17:00
N() 8 8 8 8
AVER(H) 0.410 -0.165 0.564 -0.809
STDEV(H)  0.651 0.664 0.627 0.745
SES 0.230 0.235 0.222 0.264

T(C") 36.6 36.8 37.0 36.6

Each type of raw value for the normal day-night
temperature effects. P denotes the participants, numbered
1 ~ 8. ¢,.= fixed point shift, SD,= variability as a

ave

function of the frequency competition. T = core body
temperature (Celsius).

CAE AR
F71° wet Fig.
7 3 MF gy

23k 7PAA L Fig. 69] ghghal Mz} w
A Zo] AU, FEE FES A9 2%

DO

I~
>
)

]
%

Averaged entropy production from normal and abnormal
(heat based) day-night temperature effects. N(I) =
number of case indexed by the calculation of (traill +
trial2 / 2), AVER = averaged entropy(H) production:
STDEV = averaged variability from the entropy(H)
production: SES = standard error score.

Table 6. Experimental result 3

Circadian Circadian Circadian  Circadian

N 5:00 N 17:00 Ab 5:00 Ab 17:00
N(D) 8 8 8 8
AVER(H) 0404  -0.172 0.608 -0.840
STDEV(H) 0.446 1.031 0.518 0.993
SES 0.158 0365 0.183 0351

Averaged entropy production from normal and abnormal
(ice based) day-night temperature effects.



Normal vs. Abnormal Normal vs. Abnormal

= Normal 5:00

= Normal 17:00
Heat vest 5:00

05 Heat vest 17:00

= Normal 5:00

= Normal 17:00
Ice vest 5:00
Ice vest 17:00

00 05 10 00 05 10
Time (a.u.) Time (a.u.)

Fig. 7. Entropy forces. The plot on the left denotes the
entropy forces of the heat-based normal vs. abnormal
conditions, which data was from the results 2. The plot on the
right denotes the entropy forces of the ice-based normal vs.
abnormal conditions, which data was from the results 3.

AlzEle] SFYAS B A} dubAQl 2 0A
£ 9A A AR 24417 o2& 718 wEa YE
Aoz Yeiytt, AdYdez A 255 IV/MIAS
4% (Fig. 7, 9%), 94 247 &= F7] 295 w
23 At 2 AFH o2 A 5Alo] g Fe
o] AL YubAQl KT} "ol7l | 0% 5X
o dukAQl ARG F7bEAY GbEQ 2219
Aoz AU 2=5 A7 A (Fig. 7, 28
)N E Ak 20 2 Jag gyt Gy
ATt AerAQl 2 A VERE A AL A 24
AlZE 2% 718 21 Qe A2 Yyt aevy
AHoz AY 228 ANAS A dAukzez
2417t #7158 w23 IR, AfE 5Alo g S
o] AL dubAl A HTE A3t Hh | 05 54
de YRkl 2AHEY 7k AT

o - N b

B Crcadian(T)
i EER Nor(H)
Abner(H)

Fig. 8. Illustration of the three-different experimental results.
The contour (black ~ white) represents the 24 hour circadian
process (T = temperature, H = entropy) as expressed by a
sine function (pi/2 = 5:00, pi = 12:00, pi3/2 = 17:00, pi2 =
00:00) according to the optimized value of the system’s state
with arbitrary units of -1 to 1.
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SCN) w2 dha} vhe] 2447 &5 F7|15 A9 &
A W23 917](Aschoff, 1983) wWj&Eoltt. &4, 2
WA AA 5 AeHoEAM V|EAY & S

A
(elementary bimanual coordination)®] +%% <t
AAoltt, divkstd A&7t =& A 2 AX A=
St v f7AI s e 2 A 52 M 2
& 7S 24 (movement) &2 FETH 53], 9A
W 5E AR #HE o]g (locomotion)S 2%
yegt b2 f7IAdAE F85e Aoz, sAdS 2
= AlZtoll w2 ARl #-§-(limbs synchrony)<& -5
i) 2 Aol A 7] WA (Kugler, Kelso,
& Turvey, 1980)°]7] wj&o|tt.

ATFE HPstHA 2 7HA A (E A-, A3
A, o B AR 24, e B3, FEe Al
statd 2t 73 5) Abgo] LA AA R, A4
Al el AlEgo] HESE HedA AEE
b B4 A3 $2] AAE 2443 25 F7] AA
FARH 23 ST, SrE& 5]
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w H
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Do
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Auj
3L
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rir

Whajo] 24417 & 710 b
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e 35 2
negative) &<

vE F e AoE At
o] $-2]9 AA F7l= 4y o
224N £& F71E mED AN, 25 o FAA
o2 Hd % 49 9 (Thun, Bjorvatn, Flo,
Harris, & Pallesen, 2015)94%E w28 1|
(Marcheva et al., 2010)°l ©]27]174A] 24213t F7]
o AHE B2 dFES A S et bE2A U
Bt 244120 7] 395 Husta itk QA
(morningness, eveningness), YMZ(et leg), &&
(age) 57 22 TR theFet 7MW Qa5 w3 F
of ZA tFofof dvta ZFxsta Uth(Borbély &
Achermann, 1999: Goldstein, Hahn, Hasher,
Wiprzycka, & Zelazo, 2007: Waterhouse et al.,
2005). A AIF @53 22 gEAQ FAE A
%= o, o] 2 o} (before 10 AM) 219 A4 Bl&
3} 9145 43 5= (working memory & mental
arithmetic performance)& A2 2HEdkA] &3tk
3 742 (Blake, 1967) st= WA, 4F= 537} g5
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2014). #9H3l Hole AL 379 2% F71< F4
Te 54 e Hol=(Carrier & Monk, 2000;
Monk et al., 1983) 713& dwtslsir]dl= ZhA| <}
FPare] 54, agla olF = A Wd
(different effect in circadian rhythm)e o]&
(methodological heterogeneity)2Ql F#o] @o] &
ofSiths Ak AjtE Wr1a ke Aeolth(Edholm,
Fox, & Wolf, 1973; Walther et al., 2002; Thun
et al., 2015). ¥ A7 A= AR dF50] W7l
A= ol g FA|f FaRte] B4, 181 o] & FeRd

wol dokl=Al

o

FoR, AT
7133} ej7t 544 A3} A o
359 W3l (Kugler et al., 1980)5 &
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rule) = Fele AAA Fostd 23 (Rosen,
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A9 0% HEol S A9 Agehe WAl tha
BT AL Beel A7lel et ol AR
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T o), @] frlAR By §71-8 Al A (organism-environment system) 2t QAR = 2 A 3
% (directed behavior)9 ©JalZ Yall, 24117t & F7] WA WESHH EAS f@@ii A AA A
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of Connecticut, USA) ¢} A-&t8tul(Seoul National University, Korea) 249 2] g4 % Oii o] Fo| A
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