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[Article]

Cellular Automaton Model of Earthquake
and Renormalization Method

TAKAHASHI Koichi*

Abstract Earthquakes are phenomena associated with rupture of a part of the earth crust and
the subsequent propagation of breakup front or energy front over wider regions of the crust or a
plate. Primitive Cellular Automaton Model treats this phenomenon by dividing the crust into
many small square cells and introducing interactions among (nearest) neighbours. The state of
each cell is specified by the energy (or, equivalently, the number of particles just like sand pile
model) stored in it. When the stored energy exceeds a critical value, the cell gives the energy to
the neighbouring cells. This model belongs to a conventional cellular automaton model in that
the same rule for redistributing energy is adopted. The major differences of our model from the
preceding ones lay on the choice of the initial condition and the cells to be revised : All cells are
arranged initially to be below but near critical state in order to simulate large earthquakes. In
addition, all the cells are subjected to the revision of state at every time step. We employ the
renormalization method in statistically analyzing the outcomes of the simulations to show that
this model is capable to describe the causal correlations of main and aftershocks of a single
strong earthquake. In particular, the data obey relations analogous to the Omori law for after-

shocks and the Gutenberg-Richter-Ishimoto-Iida law for seismic magnitudes.

Key Words : earthquake, Omori law, Gutenberg-Richter-Ishimoto-lida law, cellular automaton,

renormalization

1. Introduction

Earthquakes are seismic phenomena associated with a partial rupture of the terrestrial crust. The
driving forces are the friction between two plates in relative motion (~a few cm/year) and the restitu-
tion energy accumulated in the deformed crust either at or beneath the palate interface. For the latter
case, see Hasegawa et al. (1978). (The terminology ‘stress’ is more common in literature since the
rupture is believed to be of crucial process in earthquake. We instead use the term ‘energy’ through-
out the paper since it is scalar and will be conceptually easier to handle.) Either a breakup or restitu-
tion will take place at the plate interface when the accumulated energy in a part of the plates over-

whelms the interplate frictional energy. In some case, the rupture takes place at deep beneath of the
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plate interface. Thus the long-term occurrences of earthquakes are expected to be governed by the
dynamics of the plates in relative motions.

The prevailing block model simulates earthquakes of interpolate origin by sudden and intermittent
motions of blocks on a plate that were at rest owing to the frictional forces between the blocks and the
plate. The sudden motion of a block is caused by the elastic energy stored and accumulated between
neighbouring blocks. The frictional energy is assumed to be a function of relative velocity and the
state of the block, which is described usually by a single phenomenological parameter (Ruina
1983). Nature of the frictional force as well as the elastic energy of rock is extracted from experi-
ments in laboratory (Dietrich 1979).  Once the nature of the frictional and elastic forces are specified,
the block model can dynamically determine the motion of the blocks by way of the Newtonian
dynamics and consequently the seismic size by the number of blocks that move simultane-
ously. Supplemented by the data of past earthquakes, the block model has been used even to foresee
coming earthquake at given districts. For the precise structure of the model and its application for
prediction of earthquakes, see, e.g., Kato and Hirasawa (1999) and references cited therein.

Earthquake is a super-macroscopic phenomenon consisting of a huge number of individual motions
of ‘elements’ in the crust. The block model aims to understand this super-macroscopic phenomenon
in terms of macroscopic and microscopic mechanisms. On the other hand, there exists a possibility
to view earthquake as a critical phenomenon in which a small change of the state indefinitely grows
under some appropriate conditions. In terminology of statistical physics, the correlation length
becomes large or infinite when critical phenomenon occurs. The phase transitions of the second kind
observed in various matter as temperature, pressure, magnetic field and so on are varied are under-
stood in this way.

Critical phenomena are characterized by divergence of fluctuations and scaling laws. Concerning
earthquakes, the former corresponds to the growths of breakup and deformation in a crust which were
initiated at a local region. The latter is corroborated by the following rules of thumb :

1. The Gutenberg-Richter formula for the seismic magnitudes : Frequency n(M) of earthquakes

with magnitude M is proportional to 10~

, where b is positive.

2. The Gutenberg-Richter formula for the energies of seismic waves : Energy of the seismic wave
is related to the seismic magnitude by log Ei, it or=4.8+1.5M.

The rules 1 and 2 imply the scaling law n(M) « E~**® (Gutenberg and Richter 1956).

3. Ishimoto-lida law : Frequency of seismic records with an amplitude A4 recorded at fixed place is

proportional to 4~ ", where m is positive (Ishimoto and Iida 1939).
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4. The Omori law for aftershocks : Frequency of aftershocks at time ¢ after the main shock is pro-
portional to (#+c) ", where v=1 (Omori 1894) or v=1 for modified Omori formula (Utsu 1970,
Yamashita and Knopoff 1987).

Assuming that E and A are related by E' « A and noting that the number of seismic events are invari-

ant under any transformation of variables, i.e., 107" dM=A4""dA, the laws 1, 2 and 3 implies » and m

are related by b=(1.5/a)(m—1). Hereafter, we consolidate 1, 2 and 3 above to the Gutenberg-Richter-

Ishimoto-Iida (GRII) law.

In Fig. 1(a), the seismic intensity-frequency relation during March 11-May 6, 2011 of Tohoku
Pacific-Ocean Earthquake is shown. For the aftershocks with smaller intensities, the GRII law
seems to fit the observation. The power-law relation between energy and frequency is very likely to
hold in this earthquake. Shown in Fig. 1(b) is the number N(d) of aftershocks of the same earthquake
as a function of day after the main shock. The Omori law fits the observed data quite well.

If earthquakes are really critical phenomena, it will be possible to understand them in terms of a
simple rule of propagation of fluctuations in an ensemble of small domains without referring the
details of microdynamics. Then, viewing earthquakes as critical phenomena means we ask under
what condition and how the geophysical fluctuations develop and then cease. We may also ask what
universality class does earthquake belong.

The purpose of this paper is to answer the first question addressed above by analyzing a primitive
cellular automaton model (PCAM) of earthquake (cf. Bak and Tang 1989, Gould and Tobochnik

1996), although our model differs from the prevalent ones in two respects. First, the initial state is

T | T | T
coo  aftershocks/day
100 . 100 - |
Otnont's formula
10 - . 20 |
Z o -
ooo  ohservation o cSBoo o
1= 3.11-56,23011 || : o C@DO 0D AW
h op | | | 1 1
L5 tent 10 Co 20 40 60 &0
miensty day after manshock
(a) (b)

Fig. I Observation for Tohoku-Pacific Ocean Earthquake in 3.11.2011 (Japan Meteorological Agency 2011).
(a) Seismic intensity and frequency during 3.11-5.6, 2011. (b) Temporal dependence of the number
of aftershocks with magnitude = 5 per day. The main shock was recorded at 14 : 46, 3.11, so that the
original data, Ny(d), released by Japan Meteorological Agency have been modified in accordance with
the prescription : N(1)=Ny(1)+Ny(2)/2, N(d)=[No(d)+No(d+1)]/2 for d =2.  This means that ‘day’ in
Fig. 1(b) is approximately equal to 24 hours.
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prepared randomly. Second, all the cells are subjected to revision in the same time step.

One may wonder whether this model, so simple that it is quite suitable for beginners’ study of deter-
ministic system in discrete space and time, is applicable to real physics. On the contrary, we will see
that the PCAM reproduces the very characteristic aspects of earthquakes, including theGRII law and
the Omori law.

There are several variants in the cellular automaton model of earthquake. Barriere and Turcotte
(1993) took fractal distributions of cell sizes into account as a reflection of complex distribution of
actual faults. The GRII law was reproduced but the Omori law was not. Steacy and McCloskey
(1998) studied a heterogeneous system in which the cells’ strengths are not constant. In addition, the
energy of the critical cell is redistributed only to unbroken neighbouring cells. They found, in their
model, that there is no special correlation between large and small earthquakes, which renders predic-
tion of large earthquakes from small ones impossible. Nakanishi (1991) studied a cellular automaton
version of the block model and derived the GRII law with some variation of the exponent b.

This paper is organized as follows. The structure of the model is given in sect. 2. The direct out-
comes of the model are presented in sect. 3. In sect. 4, we explain the renormalization method
employed in our model. In sect. 5, we present the result of applying the method elaborated in

sect. 4. Section 5 is devoted to conclusion and outlook.

2. Model

We consider a square lattice sectioned into n X n cells.  Each cell is specified by two integers i and j,
both run from 1 to n. Each cell has its own internal state at every discrete time. The state of a
cell (4, /) is specified by a number E;; that represents the ‘stress energy’ stored in the cell.  Their ini-
tial values are given randomly. At every time, E;; is accumulated by a small positive quantity AE for
all i andj. When the value of some £;; exceeds the critical value, E,, the internal state is changed to
E;;—E. At the same time, the energies of the neighbouring four cells are respectively increased by
E/4. This last process is the smallest earthquake in the PCAM, which we call the unit event. The
unit event around one cell may trigger other unit events through the interaction among nearest cells in
case these cells were near to the critical state. In other words, the rate of unit events may remain a
constant level or proliferate under some appropriate conditions. The time scale of unit events and
their proliferations is very short in reality as compared to the time scale of energy accumulation. In

the simulation, however, we do not discriminate these two lengths for matter of convenience. When-
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ever the critical cells completely disappear, the state of every cell is increased by 4E. We regard a
collection of the unit events at a certain time interval as the seismic phenomenon we usually call

earthquake. The Decimal BASIC program of the model is given in Appendix.
3. Results of simulation

We performed simulations for the lattice size 32 X 32. The parameters are £.=4, 4E=0.0002. The

initial state of each cell is chosen randomly as E;=3.96+0.005r,;, where r;; is a uniform random num-

o
ber in (0, 1) for the site (7, /). One unit event is caused by a cell with the energy greater than £,
which we shall call a critical cell. The critical cell is a cell that is releasing the energy E.. We first
observed how the number of the critical cells, N, varies with time. The result of simulation is shown
in Fig. 2.

The earthquake characterized by a sequence of peaks in N starts at /=175 and ceases at =1925. In
between, many small peaks are observed and the heights gradually decrease on average. The initial
large peak is the main shock and subsequent small peaks are aftershocks. The average temporal
variation of N seems to be approximated by Ny/(#+c).

The active period, i.e., the temporal length 7, of the sequence of peaks, in Fig. 2(a) is 1750. Out-

side of this time interval, the system goes into a resting period. As shown in Fig. 2(b), the active

period and the resting period appear almost periodically. We note that the length 7, of the resting

(b)

.

Fig.2 Temporal behaviour of the number of critical cells. (a) The bold curve is an Omori function drawn up
to 2500 time step as a guide. The inset is a collection of snap shots of the state of the lattice. From
top to bottom : first unit events, intermediate state and final state. ~Cells are colored by the rule : black
for 0= E<1, dark gray for 1< E<2, intermediate gray for 2< E<3, light gray for 3< E<4, white for 4<E.
(b) Long term variation of the number of critical cells.




WAL RSB E  4 160 75

| =

(a) (b)

Fig.3 Example of correlated unit events. (a) One critical cell is surrounded by four cells whose states are
just below the critical one. (b) The central cell changes the state to the lowest one by releasing energy.
The surrounding four cells receive the part of the energy and become critical simultaneously.

period is only about 50% longer than 7, in the present simulation. Note that, for convenience of cal-
culations, 4¢, the unit time for the accumulation of energy in the rest period was taken equal to 4¢,, the
unit time for the energy release in the active period. (In the actual simulation, 47=47,=1) In order
for our model to be applicable to a real long-term seismic history of a certain district, therefore, the
unit time-steps in the active and resting periods should be appropriately reinterpreted. For instance,
if the simulation history Fig. 2(b) were to be compare with Tohoku Pacific-Ocean Earthquake, which
is guessed to occur with the resting period of ~1000 yr, then we would have 7,/7,~0.1 yr/1000 yr~
17504¢,/(1.5-17504¢,) or At,/At,~7000.

Taking the GRII law and the Omori law as established laws, the result mentioned above may be a
preferable one if one unit event of the model is interpreted as one earthquake with the seismic inten-
sity greater than a chosen value. On the other hand, some unit events occur simultaneously with
direct correlation. One example is shown in Fig. 3. There, the four unit events in (b) occurred at
the same time by a common cause. If the four critical cells in (b) are in contact with other cells that
are just below criticality, then those four cells in (b) will cause the next unit events. It is appropriate
to regard these sets of unit events as single earthquakes with greater magnitudes. Therefore, it will
be interesting if one can identify a single earthquake consisting of many unit events together with its
magnitude and reanalyze the statistical distribution of seismic magnitudes. We turn to this problem

in the next section.

4. Coarse graining

One critical cell describes one unit event. Therefore, in order to extract individual earthquakes
from a given pattern of the distribution of cells, we have to identify a certain type of cluster of critical

cells as a single earthquake. This is particularly necessary if one critical cell implies a release of
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energy of the same order of magnitude. In this case, the difference in seismic magnitude must be
attributed to the difference in the number of critical cells in single clusters.

Unfortunately, this is a problem of a little troublesome in two points.  First, what is a cluster ? If
by a cluster we mean a set of connected critical cells, then we confront the same problem as in perco-
lation. Identifying a connected set is generally not a simple process. Second, in our problem, a
connected set do not always imply a single earthquake. See Fig. 4, where a fictitious snapshot of a
lattice is given. There are three clusters of critical cells. Upper two clusters are disconnected and
may represent two distinct earthquakes. The third cluster at the bottom is also connected. Is it a
single earthquake ? The answer will generally depend on the history of cluster evolution. It may be
a single earthquake. However, it is also possible that, at previous times, the cluster was disconnected
and later two clusters became connected as a result of the propagations of shock fronts generated else-
where. Discriminating these situations in a given snap shot is a matter of probability.

Recalling that the earthquake may be a critical phenomenon, we shall employ the method of coarse
graining, or renormalization group method, for our end. The renormalization group method is quite
useful in the field of critical phenomena observed in the systems of atoms, molecules, spins etc. The
idea was developed by Kadanoff (1966) and was formulated and successfully applied by Fisher and
Willson (1972) and others to quantum field theory to study infrared or ultraviolet properties of Green’s
functions. For related references, see, e.g., Wilson and Kogut (1974).

Kadanoff et al. (1989) applied the method to the model of avalanches and explored the dependence
of the universality class on the rule of automaton. Bak and Tang (1989) suggested that the method
would be applicable to earthquakes. Turcotte (1999) performed renormalization in the forest-fire

model with an asymmetric coarse graining rule.

Fig. 4 Examples of connected clusters of critical cells.
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Coarse graining is to repeat fusing nearby cells into one larger cell with a state determined by a cer-
tain rule. There is some arbitrariness in the choice of the rule except that it should keep the global
tendency of the whole lattice unaltered. The rule we adopt for the present problem of earthquake is
shown in Fig. 5. As is described below, by one coarse graining, the energy transferred to neighbour-
ing cells gets about four times greater, which brings about the renormalization of the interaction
strength.

At the first step of coarse graining, the lattice size reduces from 32x32 to 16x16. We count 7., the
number of the critical (or white) cells that disappeared at this stage. Not that each of them were one
unit event releasing the energy E. so that we regard it as an earthquakes with ‘magnitude’ 1 or
M=1. At the second step, the lattice size reduces from 16x16 to 8x8. The critical cells that disap-
peared at this stage released on average the energy of the order of 4F, per renormalized cell, so that
they correspond to the earthquakes with A=2. We repeat this procedure until the lattice size becomes
1x1. In this way, at each time, we count and sum-up all the number n,(¢) of earthquakes up to M=5

in our simulation.

l:ﬂ .: critical and nencritical cells

=[] E@D

Fig. 5 The rule for coarse graining. Critical cells are designated by white, others by gray. Four cells that
are simultaneously in contact via lines or points are fused into one cell. The resultant colour is deter-
mined by the majority of the state of the four cells. In case the number of the white cells is two, the
final colour is either white or gray with equal probability.
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5. GRII law and Omori law

We performed simulations for five times by changing initial condition and took an average. The
dependence of the number of aftershocks on magnitude n(M) are obtained by summing 7,,(f) over the
period the aftershocks continue. The result is shown in Fig. 6.

n(M) is well approximated by
lowa ~1—M.

This is the GRII law of our model.
The raw plot of n(f) obtained by summing 7,/(¢) from M=1 to 5 is shown in Fig. 7(a). Since loga-
rithm of n(f) changes very slowly for small 7, we summed n() for every fifty £’s. Namely, we defined

a function n(d) by

100 ,—507" 40

n(d) n(t),d=1,2,3,

and plotted n(d) against d in Fig. 7(b). The simulation data as a whole are on the curve implied by

the Omori law, although the number of aftershocks at d=4~8 are less than the ones expected from the

10 T T

107 = 1
100 ~ .

Fi

g. 6 Behaviour of n(M).

100 - -

10

| | |
1 1
1 1n a0 110° 1 10 1an
t d
Fig. 7 (a) Solid curve : n(f). Dotted curve : 1500/(z+64). (b) Solid curve : n(d). Dotted curve : 18000/
(d+0.5).  For the definition of n(d), see the text.
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formula.

Taking a close look at Figs. 6 and 7, we notice some deviations of our results from the idealized
GRII law and Omori law. Concerning the former, the number for M=4 is larger, and, as a reflection
of this increase, concerning the latter, the frequency of mid-term earthquakes is reduced as compared
with the expected ones. This implies that over-clustering to higher magnitudes might have taken
place in our renormalization procedure. By altering the clustering rule slightly, these two discrepan-
cies will be improved simultaneously.

We modified the coarse graining rule by setting the coarse graining probability in such a way that,
when n,=2 in 2x2 cells, we form the coarse grained critical cell with the probability p.s.. The result
is shown in Fig. 8. Frequency for M=4 is reduced and the time dependence of aftershocks seems to
modified toward a linear relation. However, the number of the events with M=5 is deviated from a
ideal the GRII law.

One may wonder whether our counting of n(M) gives correct the GRII relation since all of n,,(7) at
every time ¢ are summed thereby resulting in overestimations due to double or triple countings of
events. Instead, n(M) may be defined as the sum of nonzero n,,(f) with maximum M. The result of
counting due to this definition, which corresponds to Fig. 8(a), is given in Fig. 9. We again see that
the scaling law holds on average, with the parameter b=1.

We finally present an example of the pattern of energy distribution on the lattice with size 64x64 in
Fig. 10. It reveals an example of pattern in a relatively quiet term corresponding to the right tail of
the sawlike curve in Fig. 2(a) after the main shock. The high-energy domains, 3<E; <4, with vari-
ous sizes bounded by low-energy cells distribute over the lattice. The cells with energy less than 2
tend to align diagonally, while the cells with 2<F, ;< 3 tend to form either vertical or horizontal bound-

aries. The former is attributed to the fact that the shock front tends to align diagonally owing to our

1
10
1a
10
100 = —
10

[ R N P Y
I
e
£,
|

,_.

0 2 4 f 1
M 1 10 100

Fig. 8 Results of simulation for the coarse graining probability pe..=0.39. (a) Frequency vs. magnitude
(M). (b) Frequency vs. time (d).

10
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10 T T
107 — —
100~ =
10 - =

1k _

| L
01 0 2 4 &

Fig. 9 Number of aftershocks with magnitude A obtained by the counting that avoids double or triple count-
ings.

Fig. 10 Example of the pattern of the distribution of energies over the 64 x64 lattice. The domains colloured
by lightest gray are ensemble of cells with the energy 3<E<4. They are separated by boundaries
that consist of low energy cells. The fractal dimension of boundaries is about 1.7.

automaton rule. These boundaries, which we may regard as the faults, form a connected network

with the fractal dimension D=1.7. Note that this fractality, which was expected when we obtained

the GRII law and the Omori law in our simulation, is not a condition but an outcome of our model.

6. Conclusion and outlooks

We examined the two-dimensional PCAM of earthquakes. This model, ignoring all the details of

the crustal and interplate interactions, takes the following four rules as essential ingredients into

11
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account :

1. energy conservation in unit event
2. nearest neighbour interaction
3. constant rate of energy accumulation

4. common critical energy above which cell’s energy is released

We started the simulations with the initial condition that all the cells are near the critical one. This
condition suites with exploring the time evolution of large earthquakes. Amazingly enough, in spite
of all the above simplification, the model can reproduce the most prominent feature of the earthquakes
in reality, i.e., the GRII law and the Omori law, semi-quantitatively. Furthermore, we saw that the
exponent of the GRII law does not depend on the details of the method of renormalization and that the
fractal pattern of the energy distribution results in after the main shock. These facts strongly indicate
that the system of the crust and the mantle is in a critical state and that earthquakes are self-organized
and self-similar critical phenomena.

The most significant conclusion derived from that the earthquake is a critical phenomenon is the
‘unpredictability’ of the occurrence of earthquake (Bak and Tang 1989, Steacy and McCloskey
1998). Since events of small scales have no essential distinction from large-scale events, so that
small precursors will not help predict to the coming ‘main’ shock. This view confronts with the opti-
mism that prediction will be possible by proper accumulations of data that is achieved by putting
selected target area under close surveillance (Mogi 1982). There can be various types of prephenom-
ena, if any, of large earthquake, depending on the crustal properties. Mikumo and Miyataka (1983)
discussed the classification of the prephenomea.

That earthquake is very likely to be a critical phenomenon means that the distinction between pre-
cursors and the main shock is a matter of naming and is possible only ex post facto. However, this
does not imply the unpredictability of the phenomena in any sense. We should notice that, in real
earthquakes, such precursors (or, more appropriately, pre-events) as small shocks, subsidence or
upheaval of land in fact frequently accompanied with seismic events with large scales (Mogi 1982,
Kikuchi et al. 2002). We should also notice that earthquakes at a given local area occurred so far
with a gross periodicity (Terada 1917, Shimazaki 2002). The prediction of earthquake in geophysi-
cal time scale is arguably possible with geophysical uncertainties. The important point we should

remember is that the time scale in human life is extremely shorter than the characteristic geophysical

12
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time scale.

There are several things remained to be done to refine our PCAM. Introducing nonuniformity and
anisotropy of initial condition and interaction are particularly interesting for comparison with real
seismic phenomena. In order for these improvements of the model to be meaningful, enlarging the
lattice size will also be necessary.

What determine the correlation length ?  This is the most important question on our model of criti-
cal phenomena. The answer must be the distribution of energies in the cells. If the parameter that
characterizes this distribution below criticality is identified, then we will be able to scrutinize further

the property of phase transition in our model.

Appendix

Here, the main part of Decimal BASIC program (Shiraishi 2010) used for simulation in the text is
presented (cf. Gould and Tobochnik 1996). The critical energy and the rate of energy accumulation

are set to be 4 and 0.0002, respectively.

PROGRAM earthquake

! 2-dimensional cellular automaton model of earthquake
DIM energy (0 TO 41, 0 TO 41)

DIM ir (1681), jr (1681)

DIM nrel (0 TO 20000)

LET 1=32 ! linear lattice size

LET ncell=1*¥1

CALL initial (energy, 1)

LET nquake=0

LET ec=4 ! critical energy

LET de=0.0002 ! energy given to cell in unit time
LET tmax=ec/de

LET t=0

LET ts=0

DO WHILE t <= tmax

13
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LET nrelease=0 ! number of critical cells
FORi=I TO1
FOR j=1TO1
LET energy (i, j)=energy (i, j)+de
IF energy (i, j)>ec THEN
LET nrelease=nrelease+1
LET ir (nrelease)=i
LET jr (nrelease)=j
END IF
NEXT j
NEXT i
LET nrel (t)=nrelease ! store the number of critical cells
IF nrelease>0 THEN
CALL release (t, energy, ir, jr, nrelease, 1, ec)
END IF
LET t=t+1
WAIT DELAY 0.01
LOOP
END

EXTERNAL SUB initial (energy (,), )
! initial distribution of energies
DIM ifor (0 TO 41, 0 TO 41)
FOR i=0 TO 1+1
FOR j=0 TO I+1
LET energy (i, j)=0.01*rnd
NEXT j

NEXT i
SET WINDOW 0, 1+1, 0, I+1
FORi=1 TO1

FORj=1 TO |

14



LET
NEXT j

NEXT i

Cellular Automaton Model of Earthquake and Renormalization Method

ifor (i, j)=int (energy (i, j))

MAT PLOT CELLS,IN 6, 6 ; 1+7,1+7 : ifor

END SUB

EXTERNAL SUB release (t, energy (,), ir (), jr (), nre, 1, ec)

DIM jfor (0 TO 41, 0 TO 41)

LET p=ec/4

DO WHILE nre>0

FOR k=1
LET
LET
LET
LET
LET
LET
LET

NEXT k

TO nre

i=ir (k)

j=ir (k)

energy (i, j)=energy (i, j)—ec
energy (i, j—1)=energy (i, j—1)+p
energy (i, j+1)=energy (i, j+1)+p
energy (i-1, j)=energy (i1, j)+p
energy (i+1, j)=energy (i+1, j)+p

LET nre=0

FORi=1 TO1

FOR

NEX

NEXT i

=1 TO1

IF energy (i, j)>ec THEN
LET nre=nre+l
LET ir (nre)=i
LET jr(nre)=j

END IF

Tj

FORi=1TO1

FOR

=1 TO1
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LET jfor (i, j)=int (energy (i, j))
NEXT j
NEXT i
MAT PLOT CELLS,IN 6, 6 ; 147, 1+7 : jfor
LOOP
END SUB
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[Article]

How do Language Modalities Affect the Learners?

A Cognitive Account of Ogata Program Data
WATANABE Tomoko' and WATANABE Manabu®

Cognitive science has been developing rapidly and drastically in the last few decades, and so
has cognitive linguistics as its sub-field. Theoretical advances are made as cognitive science
has tried to incorporate brain science, or neurological findings in its theoretical components and
architecture. This short article presents our re-analyses of some of the data we observed in
Ogata Program from a cognitive point of view.

The rest of the paper proceeds as follows. In sections 1 and 2, we outline Ogata Program,
and reiterate some of the major findings in Watanabe & Watanabe 2010. In Section 3, we dis-
cuss them from a cognitive point of view. Two theoretical notions pertaining to our analyses are
also provided in Section 3. We argue that spoken modalities seem to facilitate learning while

written modalities cause some difficulties. Section 4 makes some concluding remarks.

1. Ogata Program

Ogata Program is an English immersion program’, where the student learns English by participating
in various activities in English such as Total Physical Response (TPR), phonics®, games, etc. The
program has been offered at Ogata Elementary School in Ogata Village, Akita Prefecture, Japan. The
program is the school’s official “English Activities” class that is allowed within the current National
Curriculum, and is run by a private company’ on a contract with the village. The classes are offered
once a week for 45 minutes for a total of 35 sessions in a year, from the 3" grade through the 6. So
a student who completes the program will have had 140 sessions, or 105 hours of instruction, by the
time s/he graduates the elementary school. The outsourced private sector provides the native Eng-

lish-speaking instructors, along with course designing, teaching materials, and coordination among

Ph.D. in English and Applied Linguistics, Associate Professor at Tohoku Gakuin University.

Ph.D. in Linguistics, part-time lecturer at Tohoku Gakuin University and Tohoku University.

In our earlier papers, we called a similar program (administrated in Iwaki district of Yuri Honjo City, Akita Pre-
fecture, Japan), “pseudo”-immersion program because technically, an immersion program teaches other non-
language subjects in English and this program didn’t. Ogata Program is pseudo-immersion in the same way
except that the program in Iwaki was a 6-year program while Ogata Program is a 4-year one (for the 3" graders
and above). However, we choose not to make the technical distinction in this paper.

Phonics is an important component of Ogata Program. In phonics, students learn names and shapes of alpha-
bets, sound(s) represented by each alphabet, sound patterns in English and their spelling conventions, etc.
Ahlstrom and Associates Incorporated. 5-14-1 Sanno, Akita, 010-0951, Japan.
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involved parties. The homeroom teacher attends all the sessions, and assists the language instructor.

Major components of the program are TPR (Total Physical Response), phonics, and games. No
Japanese explanation is given on the word meanings or the grammatical structures of the utterances
used in activities, and the class is conducted entirely in English. Thus, Ogata Program is different
from “traditional” English courses offered in Japan®, with target expressions or grammar points
explained in Japanese, and word-by-word explanation/translation occupying a major component in
class. For more detailed descriptions of the programs developed by Ahlstrom and Associates Incor-
porated, including Ogata Program, see ¥ (2006), Watanabe (2007), Watanabe & Watanabe (2007) ,
and Watanabe & Watanabe (2010).

2. Some major findings from Watanabe & Watanabe (2010)

In Section 2, we reiterate some of the major findings first reported in our preceding paper. The
findings are presented in the following three categories for the sake of simplicity: comprehension,

English outputs, and implicit learning.

2.1 Comprehension

One of the most striking characteristics of Ogata Program is the students’ very high comprehension
skills in spoken English.  The English program is conducted 100% in English.  Visitors may wonder
if they really “understand” the instructor sufficiently. We believe they do’.

One claim that we put forward for the students’ high comprehension skills in our 2010 paper is top-
down comprehension. Top-down comprehension is a type of understanding process that is achieved
by assembling pieces of information from one’s pre-existing knowledge and physical environment/
circumstances, along with linguistic information. Top-down comprehension is usually more intui-
tive than analytical.

In fact, top-down comprehension is encouraged, and facilitated in Ogata Program. A key teaching
technique is to make the content “visible” when the instructor speaks. Typically, visible information

such as physical objects and movements, pictures, and facial expressions is provided in the instruc-

¢ Meysen Academy in Sendai City, Miyagi Prefecture, Japan, offers an English program that adopts similar objec-
tives and teaching principles. The program emphasizes learning English through experience, not explanation
in Japanese. The program is offered for kindergarten children, and is extended for elementary school stu-
dents. For more information, contact Timothy Broman, the curriculum developer.

7 We provide our analyses based on cognitive notions in the following section.

18



How do Language Modalities Affect the Learners?

tion. Therefore, students successfully reach comprehension by looking at, as well as listening to, the

instructor.

2.2 English outputs

English output manifests another interesting aspect of Ogata Program. The general tendency is
that the students’ Japanese utterances while playing the games outnumber English utterances as the
grades go up. The general tendency is shown as in the following schematic figure presented in Wata-

nabe & Watanabe (2010) :

Japanese utterance

English utterance
Srd 4th 5th 6th

grader grader grader grader

We also noted then that spontaneous (i.e. unconscious) Japanese translation appears, and Japanese-
accented English pronunciation increases as the grade levels go up. In other words, decreased Eng-
lish output, emergence of automatic Japanese translation, and increased Japanese-accented English
pronunciation take place around the same time.

We speculated such tendencies are due to the development of Japanese. As the students proceed in
grades and become older, their linguistic skills in Japanese develop accordingly. By the time they
are the 6™ graders, their command of Japanese exceeds their limited English, and they are smart
enough to use Japanese to win a game. Interestingly, Japanese translation spontaneously uttered by
Ogata students always correctly reflects the meaning of the corresponding English utterance of the
instructor: word-by word translation, as often produced by learners of English in Japan, is never

heard in Ogata Program.

2.3 Implicit learning

In Ogata Program, many skills pertaining to language acquisition seem to be learned by the stu-
dents, while the program does not necessarily focus on such skills with explicit instructions. Phono-
logical phrasing is one such skill. The 6™ graders often repeat what the instructor says, and they

repeat a phrase, such as “on the desk”, and even longer phrase such as “Don’t play with the card”, per-
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fectly preserving their phonological structures. They stress so-called content words (such as don,
play, and card), and they don’t put unnatural breaks between words®.

Word semantics and grammatical structures seem to be learned implicitly too. For example, in the
TPR session of the 3" graders’ class, the instructor said, “Point to a boy (or a girl)” without any
action. The students physically responded to the instruction quite naturally and correctly. They not
only know the meanings of point to, boy and girl, but also know the phrase, point to xxx, is an impera-
tive. In the TPR portion of the 4™ graders class, the instructor said, “Touch the desk,” and the stu-
dents touched the desk, but when the instructor said, “Touch the ceiling,” they laughed because they
were ordered to do what is impossible. No grammatical explanation in Japanese, or Japanese trans-

lations of the word meanings are provided in the program.

3. The data and analyses

So, what do Ogata students learn, and how? In this section, we present more observation data, and
discuss them from a cognitive linguistic point of view. We first provide two analytical tools for our

analyses : material anchor and frame.

3.1 Our analytical tools

Material anchor is a cognitive notion, and it refers to any cultural, and/or physical object that trig-
gers or evokes a body of mutually-associated pieces of knowledge, or skills in our mind®. For exam-
ple, clock is such an example. When we see a clock on a wall, it triggers/evokes a body of associated
pieces of knowledge that a day is composed of 24 hours, that one hour is composed of 60 minutes,
that a one minute is composed of 60 seconds, that the narrowest hand indicates seconds while the
shortest hand indicates hours, and so on. So, by watching a clock face, we not only see those hands

are moving, but also “read off” such concepts. Linguistic expressions are material anchors, too, as

¥ We have found a similar phenomenon in a junior high school English class before. (The students at this school
all learned English in a program similar to Ogata Program at the elementary school.) A female student was
asked to stand up and read the text aloud. She stumbled at a prepositional phrase “in the park.” The last
word was blanked out in the sentence, so she had to recall it from her memory. After a few attempts, she
remembered the word, and she repeated the entire prepositional phrase, not just the missing word. This indi-
cates that this student has a rudiment grasp of phrase structure. Most Japanese learners of English would only
say the missing word in a situation like this. Even when they read aloud after a model provided by the teacher
or the CD, they tend to ignore the chunking and read word-by-word. For more descriptions of this phenome-
non, see Watanabe & Watanabe (2007).

Faucconier and Turner (2001: 210-214) discuss watch, gauges, money, tombs, graves, ashes, cathedrals, and so
on as examples of material anchors. Interested readers are invited to the original book.

9
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such mutually-associated concepts will be triggered or evoked when one hears expressions like “It’s
ten thirty now. Hurry up.”

Frame'® is another cognitive notion that pertains to our analyses. It refers to a body of mutually-
associated pieces of knowledge, or skills evoked in one’s mind'. For example, playing a game
assumes a variety of mutually-associated pieces of knowledge of the game and its rules. The pieces
of knowledge are intriguingly associated with one another, and compose a ‘game frame’
together.  Skills that are manifested as motor movements are called frame, too. For example, the
articulation of the English phoneme / p / is a ‘phonetic frame’ of the speaker: the speaker coordinates

his/her oral and respiratory movements in order to articulate the speech sound.

3.2 Spoken English
Spoken language is an acoustically-represented language. In general, spoken language is an effec-
tive material anchor, and it triggers or evokes one’s frames very easily. This rather traditional view
is confirmed in our data.
3.2.1 Comprehension
Spoken English evokes a very rich frame, and this is the most striking fact about Ogata pro-
gram. The following data illustrates our point.
<Observation data 1> The instructor explains to the class how to play the game. One boy
smiles and starts to play out some of the involved movements and actions in the game. He
plays out his opponents’ roles too. The instructor, then, asks the class how to choose the winner
in the game. The same boy plays out how to choose winner in the game, too. [3™ graders,
February 26, 2010]
The above data clearly shows that the boy understands the instructor very well: The instructor’s Eng-
lish successfully triggers/evokes the student’s game frame, and his game frame is manifested by his
gestures and movements in this case. In fact, the boy plays out his game frame as if he responds to
the instructor’s words.

Students’ possession of good game frames is suggested by the following data as well, where the

' Other terms such as schema, and script have been proposed in the literature to discuss similar concepts. We
use the term firame in this paper, following Fillmore (1982), 437K and 4~ (2000: 167-168), $iH and JE &R
(2010).

This of course assumes neural activation patterns in our brain. Thus, frame is a set of neural activities, and has
a neural substratum (i.e. firing and connecting of involved neurons) (Feldman 2006, Gibbs 2006). Hall (2010),
for example, states that many different parts of brain are activated, and communicating to one another very
actively, when one is involved in mental activities such as decision making, compassion, or patience. In this
short article, however, we do not discuss the issue further.

11
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instructor and the students negotiate the rule(s) of the game for the day.

<Observation data 2> The instructor announces to the class that he is going to add a new rule to
the game : when the student loses his/her cards, he/she goes to the instructor to obtain a new
card and continue playing the game. The students understand the new rule easily. [3™ graders,
October 16, 2009]

<Observation data 3> Before beginning the please game'?, the instructor asks the class to raise
their hands and express preferences for some of the game rules. Some students verbally express
their preferences too. [3™ graders, February 26, 2010]

<Observation data 4> At the beginning of the ship game'®, the game rules of the day are negoti-
ated and decided on between the instructor and the students. [5" graders, February 26, 2010]
<Observation data 5> At the end of a game, the instructor and the students count up their
earned points to see who has won the highest points. The students clearly understand the count-
ing system of the game. [6™ graders, February 26, 2010]

<Observation data 6> In the one left game, the instructor goes around students’ groups, and
asks if they are in the first session or the second session of the game, saying “First round or the
second round?”. The students answer the question immediately. The instructor also asks who
has won in the first round, saying “Who is the winner in the first game?” The students point to

the winner immediately. [6™ graders, September 3, 2010]

These pieces of data suggest that the students have acquired fairly firm game frames, because other-

wise, they would not be able to negotiate details with the instructor. The students interact with the

instructor in English, and this clearly shows that they understand what is being asked and what is

being negotiated in English.

The students’ high comprehension in spoken English is also observed in the classroom instruc-

tions'", as the students react to the instructions naturally and spontaneously. See below.

<Observation data 7> The instructor says “Relax” to the students, when the class becomes too
noisy. The class becomes quiet. [3"™ graders, February 26, 2010]

<Observation data 8> The instructor says “Volunteers?” to the class when he wants help with

12

13

14

The please game is a type of TPR activity. ~Students perform commanded actions only when the oral instruc-
tion, expressed in an imperative sentence, is started with the adverb please. They must not respond to a com-
mand without the initial please.

The rules of the game are quite complicated. The authors were unable to understand the rules completely dur-
ing their observation visits.

This may seem trivial to some readers, but the authors have seen many university students fail to react to even a
very simple English class instruction at times. This means that spoken English has not become their material
anchors yet after years of formal English education.
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handing out class materials. Some students stand up instantaneously, and help the instruc-
tor. [4™ graders, February 26, 2010]
<Observation data 9> The instructor says to the class, “Please make groups.” The students
immediately start moving their desks and chairs to form groups. [5" graders, February 26,
2010]
<Observation data 10> The instructor says to the class “Please make a group of four”. The stu-
dents respond to the instruction immediately. [6™ graders’ class on February 26, 2010]
TPR is a very important component in Ogata program, and these classroom instructions are consid-
ered as TPR activities in an extended sense. The students’ responses to these instructions are very
natural and spontaneous'®. The students’ high level of comprehension in spoken English is indicated
in the following episode, too. The instructor’s monologue lasted about 30 seconds, and the students
listened to him focused, nodding, and amazed.
<Observation data 11> The instructor notices, upon entering the classroom, that the class has had
major seat assignment changes. The instructor points that out, and recalls verbally who was sit-
ting here and there previously. The students confirm his memory, in some amazement. [4"
graders, February 26, 2010]
3.2.2 Producing English sounds
Spoken language triggers/evokes a phonological frame very well, too. In the following data from
a phonics exercise, the students react to the instructor’s spoken instruction very naturally.
<Observation data 12> In a phonics exercise, the instructor asks the class to name words that
start with the consonant / s / or / k /. The students immediately response to the instructor, and
say words such as spaghetti, spider man ; cup, coffee, café au lait, etc. spontaneously. Many of
the words are not taught in the program. [3" graders, February 26, 2010]
This data suggests that spoken triggers given by the instructor evoke students” knowledge of English
phonology successfully. Spoken English, i.e.) a stream of acoustic sounds, helps them name the
words from their memory.
Interestingly, Japanese accented pronunciations are rarely heard in oral phonics sessions. We
noted earlier (Watanabe & Watanabe 2010) that Japanese accented pronunciations are notable in upper
graders’ classes, but this does not hold true when the students are engaged in sound-focused (as

opposed to meaning-focused) activities like phonics.  So, the following pieces of data seems to sug-

'3 If we use a more technical word to describe the phenomenon, the students’ reactions are reflexive. The students
react via a very fast, unconscious neural processing.
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gest that spoken English is a better material anchor to trigger the English phonological frames, and,

thus, contributes to controlling the learners’ oral outcomes.
<Observation data 13> The instructor pronounces a set of words, and the students repeat the
instructor. The set of words include English sounds / or / as in surfing, sunburn, bird, girl,
flower, ladder; / wor / as in worm, world; / ar / as in car, arm; / Jr / as in corn, cork. No
obvious Japanese pronunciations of the words are heard. [5™ graders, February 26, 2010]
<Observation data 14> The instructor points to a card on which the names of the months are
written in Japanese. The instructor pronounces the English names of the months, pointing to the
Japanese names on the card. The students repeat the instructor’s model pronunciation, and the
English syllable structure such as /-r1l-/ in April is well preserved. No obvious Japanese pro-
nunciations are heard. [5" graders, February 26, 2010]
<Observation data 15> The instructor reviews the names of the months very quickly. The stu-
dents repeat after the instructor. American English sounds such as low back vowel / a / as in
October, and the syllable structure /-r1l-/ in April are preserved. English consonant / r / as in
four is also heard. [6™ graders, September 3, 2010]

These examples seem to suggest that spoken English triggers/evokes the students’ English phonologi-

cal frames better and successfully. This, of course, results in producing better English pronuncia-

tions.
Another good example of spoken English as better material anchor comes from the following data,
in which English phonological structures appear to be learned implicitly'® by the students. See the
example below :
<Observation data 16> Some students repeat the instructor’s English, preserving natural pho-
nological structures such as on the desk, or Don t play with the card as a phonological unit. [6"
graders, October 16, 2009]
<Observation data 17> In a class activity, an interrogative sentence such as When is your birth-
day? is produced with a natural prosodic break as in, / When is / (brief pause) / your birth-
day?/. [6™ graders, September 3, 2010]

If these features are considered to be major properties of spoken language, spoken language is a good

material anchor, and, thus, a good teaching tool for the learners’ phonological acquisition processes.

' No explicit instruction is given to the students in the program as to how to assign phonological structures (i.e.
phonological phrasing) to a stream of English sounds.
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3.3 Written English (reading and writing alphabets)

When compared to spoken language, written language, i.e. graphic representation of language, does
not seem to be a very easy material anchor to beginning learners. In fact, learning English alphabets
may take more than a few years'’, and the learner’s intensive learning efforts are necessary. This
prominent nature of written language is witnessed in Ogata Program.

3.3.1 Reading
Generally, students may need a few years of phonics training before they feel confident in associat-
ing English alphabets and their sounds. See below the progression over the years:
<Observation data 18> Some of the students fail to articulate the sounds that English alphabets
represent by just looking at the physical shapes of the alphabets. [4™ graders, February 26,
2010]
<Observation data 19> Diagraphs wh as in whale, wheel, ck as in back, ph as in telephone, ele-
phant, sh as in shoe, shirt, ch as in chair, chicken, and th as in throw are correctly pronounced as /
w/, k11,1 [1,/tf/,and/ e/ respectively. [5™ graders, February 26, 2010]
<Observation data 20> The students look at words like table, desk, chalk, tree, pencil, book,
eraser, clouds, crayons, brush, etc., and can pronounce the words from the spellings. [6™ grad-
ers, February 26, 2010]
Reading off the English sounds from their spelling conventions does not seem to be an easy task for
lower graders, and it requires a few years of phonics training in Ogata Program. So, in this sense,
graphic symbols (i.c. alphabets) are not very easy material anchors to trigger/evoke one’s phonologi-
cal frames.

It is, thus, worthwhile to point out here that images (i.e. drawings or illustrations) help the students
retrieve their phonological frames in English. The following observations illustrate this point:

<Observation data 21> The instructor shows the students a set of big cards'®, and asks them to
say English words such as clouds, eraser, CD etc. The students say the words very easily by
looking at the drawings on the big cards. [6" graders, February 26, 2010]

<Observation data 22> The instructor shows the students a set of big cards, and asks them to

say English words that contain ck, ph, sh, ch, th, and wh in the spellings. The students’ response

'7 The authors have noticed that some of their university students may have difficulty in reading and writing Eng-

lish alphabets. Their overall poor performances in English classes may stem from this problem left unnoticed
and, thus, untreated for a long time.

A big card is a board picture card with a target sound in spelling. For each card, a few words that contain the
target sound are selected, and the referents of those words are presented visually. For example, the “ci” card
may have drawings of a chicken and a piece of cheese on it.

18

25



WAL RSB E  4 160 75

is very quick, and smooth. ~Their pronunciations are accurate. [6" graders, February 26, 2010]
Generally, images facilitate more spontaneous and accurate articulation of English words by the stu-
dents. The instructor usually keeps the big cards up on the blackboard when the students are playing
in groups with small cards containing just the letters. That is because the students may still need
image assistance in sound-letter correspondence. The students occasionally do turn their head and
look at the big cards while playing'®. Therefore, we believe that images may be better material
anchors for the learners in early stages, although, of course, we need a series of controlled experi-
ments to confirm the theory.

3.3.2 Writing

Generally, writing, i.e. associating sounds with their graphic symbols, requires much longer period
of learning. It should be noted too that students in their early stages of learning may need much
more processing time, or time to think.

<Observation data 23> The instructor produces the sound / z / to the class. The students rec-

ognize the sound very easily, and many mimic the sound orally, but it takes a while before they

figure out which of the paired alphabets Z-z, or V-v represents the sound. [4™ graders, February

26,2010]

<Observation data 24> The instructor tells the students to write sounds they hear in the English

alphabets. In order to perform the task, some students need to see and check the letters on big

cards, which are placed on the blackboard for reference. [5™ graders, February 26, 2010]

<Observation data 25> The instructor writes a number of ap’s in a column on the black-

board. He adds several different onset consonants to the ap’s in order to create English words
like map, sap, gap, zap, etc. The instructor pronounces the words, and asks the students to copy
the words to their notebooks. Some students take considerable time to write the English words

that were pronounced by the instructor. [6™ graders, February 26, 2010]

A more challenging task for the students in their early stages of writing training is to figure out how to

combine a number of alphabets in order to represent a stream of English sounds. See below:
<Observation data 26> The instructor pronounces words like slap, smap, clap, etc., and asks
the students to repeat the words verbally. The students do this very quickly, but many of them
slow down considerably when they try to write out the words. They look around, and ask one

another to see if they have spelled correctly. [6" graders, February 26, 2010]

! Observation data 24 presents a similar behavior.
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4. Concluding remarks

Ogata Program seems to provide many useful insights for better understanding of language acquisi-
tion processes, and language education. One of the most important pieces of information that we
learned from the data would be that Ogata data perfectly confirms to the widely accepted view on lan-
guage modalities” : spoken language is learned easily, while written language is not.

It appears to be rather contradictory, then, that Ogata program, and other similar English language
programs developed by the same contractor, emphasizes teaching phonics explicitly. In fact, it is not
an overstatement that many of the class activities in the program are designed to improve and enhance
the students’ rudiment reading and writings skills through a series of phonics exercises. However,
what we see here is that reading and writing skills take much more time and effort to learn even with
explicit instruction, while oral-based comprehension and phonological phrasal structures are learned
fairly easily and implicitly, without explicit instruction?'.

Our analytical tools seem to shed light to this otherwise puzzling fact. Spoken language is simply
a much better material anchor for human minds, and can trigger/evoke a very wide range of semantic/
phonological frames. Written language, on the other hand, is not a very accessible anchor, so it
demands much longer time and efforts for mastery””. Thus, we believe that there are significant dif-
ferences in the natures of the two linguistic modalities from both cognitive and pedagogical points of
view. They are not simply the two sides of one coin: they are two different languages.

As an endnote, we would like to remind the reader of the importance and difficulties of teaching
reading and writing skills. We wonder if teaching reading and writing skills to young learners has
been given enough attention and caution in the professional communities. As we have seen in the
previous section, learning rudiment English reading and writing skills may take more than 2 years for

young learners®, and sufficient exposure to spoken English prior to and/or during the instruction of

We do not know if similar characterization is applicable to other two possible modalities of language, namely
sign, and braille.

Second language learning theorists are divided on the issue of whether explicit knowledge of the target language
will lead to implicit knowledge. Ellis (2011) gives a good overview of the differing positions. Ellis himself
holds the position that explicit knowledge assists the development of implicit knowledge but with some limita-
tions.

From an evolutional point of view, the appearance of written language has much shorter history than spoken
language, which is assumed to have been in use since the emergence of modern humans, i.e. homo sapiens.

* This problem may continue into university. Some of the authors’ students exhibit difficulties in reading and
writing even simple English words. Their problems differ in qualities and levels from those of younger learn-
ers, but if the problems are not sporadic, it would be easy to guess how challenging their high school English
courses would have been for them. This obviously is a good reason to believe their performances in high
school English courses may not have been very satisfactory.
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written language seems to be a pre-requisite for successful acquisition of the written mode. From
our data, Ogata Program appears to succeed in providing sufficient oral inputs prior to and during the
instruction of written English®. How we might secure such instructional progression in English edu-

cation at Japanese schools is a question for curriculum designers.
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Ty (1987) 12& X, STICHEMORE DD L. REBMEFRFFHH I 2 — LB LT
CORBEEMICOE > TEMEZN 2O L LTEMLTE 2, U XS skdiopE T
SO ANE—DHRHIKE L 2T NIE% S 2w EWIEYE ((F3E) REMICE LTI, &4
Kistler (2000, 2006) AMEZEL TW5b, BAEi I LI, 4ETCIOhFELHS Lol FD2HDT
N2k 2B & 7 5 TH Schmid (2006) TIXEETE L o7,
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(Homans 1974), HEiEIZ X 2174 % AT 228 dR™E SN, €0 &) ik
FEATAEDITTBPLED LI L TELLZ NI T 22 L 3RE SN,
KRVAT LADOFTE R HAT 5 L V) HEkO~ 7 B AFEOE S 2 BLOFIXRBICH
FbhT&7z,

(2) 20 &9 RMENTAOEAOREK, EEOHME DT TOPFEAE TR EL OBK %
WEE L, SFEIEEH & v ) EF 2 4 Rz 3, B & ) RS T BRI H S L,
LRI SO L 2O 2#E D T, EAH SN BEOFEELICHCHEE
T 5%

b LFA DHEEFEIZHE T HBY) Robert K. Merton & Z D3 1-725° 1I2F TE A DIT B
%, RERE) 2o, HARFOHHTO I 2O ZOHBALRBTE S L) On
FROBLLHDTH L AIHARFIIBIT L I 70 BY BHAL VI ETH L2,
COREDJIR L EMEICHCRET 522000 TH %o

2. HEMZACE TR I 7OICERE B

FADZE 2 TIE, $_TD I 7 T3 L B CFIE 21RO L - THBO T S5 s,
=/ T, BMEOWED AT AEO W THABBEIOTRTEBRRD T EAHED L
ITRTCEAET 2HKIIHSFAAET 5 L VI RERIE, 20X BB —WFEL EWE
VO B CEBASHETH L, T, EITHIIGH S N ATE R KIS 5 2 L,
HEBKOBFEL L MBNEEZFHNAT 2123 THTH L. 2ELELZD L) REGROROS
HIIEENRFEAEATEL T, 20 2 HABRIIHTLFES WA b Thd, 20LH
RS EFHT B7-0121F, bhubiudi LA, Merton DV, A% OF&EIHE RO
ST (Merton 1964 : 56) # ML T4, T2 TlE, 0 L) RBEROMB & &IFHE AL
VZSEBRT TR S N7ARBAT A ORI 2 5 IR L 72 17 UL % & 2w BB AL L RIS el &
N7-47 %% (Stinchcombe 1975) DITAD LIZLIEFER I N TR o 2EAGMWED L LT
HIREINERETH S,

ZO L) RHIEEHI S LROWEDS TR EN ) 2 5IXENVZNb0ER) ) b, T

¥ 2721, &V bHiT Stinchcombe, Coleman, Lindenberg, Hedstrom 2 L T %> %° [#219 72 %% Boudon % #%
Z5 L 72\ Schmid (2006) Tl&, %7z L& Stinchcombe # B Y LiF 2o 7225, Z0Ohb ) icd%
L BAHIZTY Merton 5] &AW IZH LTV % Fararo, Mayntz, Esser #H{ Y -1F77-. Roy Bhasker
IZ#5%V > C Margaret Archer ¥ TIRE SN LMY 7 ) A MEFS F72 2 5 = XL OFRICHLEH
HT\W5h, Giddens & Burdieu b A 7 Z A AIZDOWTEE->TWh, L2 L, TOWRBIZEITEEE
ERIFI AN ZALNHAORZN M EMEL TV b, AN =X LAMWHPAOEHAOIZ-> & DILY)
ATV D b 9 —DD 5L Harre/Secord DFEEIZE T#l D (Z4UUZBI L T Manicas 2006) o
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FATRB DM 2 DT R LBIROGE L LCHMEN I 2 2RI AR LS 2w, Ih
3T AEDB G OFE L B BFBINBEHRICES LT, HROITAICETIREILED X
L THETZ20E2HoTW0AE I EEEIRT 5, 20 L) R NEREFwHmO 7 70— 71
B4 RERHIIR > CHHETH b0 RPEOFERIZL o THHESNLH R, BIROROEEL
HERELT, HCOGREZEIIZ, BEMICHERT 2, =7y MREZ PRI 5,
WDZEOWREZRIR Y |E LWV LR O BEHEORG VR E R SN T B D 7% <
EH—D%FEETZEERET IV TY) XLIKILT 5 2 LR LITHE ORI & FFE L T
Who 22K LTED L) BRHERO I 7TIIMH O S NS RRICEFN S L7z v RETE & fil# 12 B]
5LT, HECOTAORE &L ETICEFNLEED L) ICEMAT 222> T, FERE
DR 2 F o TV AITAB TH DY,

L L%, THRAO L), #HEFFOFHOR S AT 248 O 4 DIT2 TR <,
tEHEE EEHLTH L, AORMETIE, HESRENHAORENEE & FEEWEED
Hamlt, INFETIEIMA LRERO LEMEOSEN AMEHICI o THE SN TE L, [H£A
FE] Lo THEATAWICEEST 2B5HK (Boudon 1979) 1%, FTHEOMRL LT,

¢ RREEMM #8355 (Lindenberg 1985), fHif - MIFFEERG GO - WESREERN) (Esser 1993), & ¥
BEIRBEG (Becker 1976), WY 72 A HLAT & DRk 4 O (Simon 1983), FRHIAHAI O EG  (Kuran
1998), % (Homans 1974), 71 A~ |k #i5 (Kahneman/ Tversky 1979), 7 L — 2 EIROHF (Esser
2003), T4 7= BHEE (Boudon 2003), RAR/LEL (Balog 1989), FEZ L fE&LERIZL > THELN
747 %5 (Hedstrom 2005) 1, FECTAET, FRERAYICHI W AE 2 SRR A IR L T 5,
(FREERL) Merton (34 B MRAGIT 2 OGO IEE 12—k 2 ZE68IC B CRRE L7z TOFMERICE L T,
Schmid (1998 : 71ff) Z: M, fififili - BIFFHGE (RDH - WE=<BE) (Esser 1991, 1993), # i SR 4%
FEEOMA R % v LA RN (Becker 1976), il & N7z H MO A HIIFT A DRk 4 O3
(Hempel 1968, Sen 2002, Simon1983), RREEMM 7 (Lindenberg 1985), A1 A1 O GG (Kuran
1998), BP% (Homans 1974), 70 A~z b (Kahneman/ Tversky 1979), 7 L — A FEiRD
P (Esser 2003), 158 LH G (Collins 2004), 1457 BB (Boudon 2003), M L fE4 L
BRI & o TEANIAT A (Hedstrom 2005), BT 5172474 O HE (Balog 1989, 2006), 58
B 9AT 2 DG (Gigerenzer 2000), /LHE4HT (Alexander 1968 ; Schulein 1999), 143 EW=212 T8k
&% B ATAHER (Buhl 1982 ; Sanderson 2001) b 3EATHE, WASTRE, MATRERIRELZIRINL T
W, L L2 2 0RO 2 3R OMEER THICEN R WEERE RV Tw b, )
WM 72252 v R v 7 % RBUTE) & AEEATAOBEIZI Y #Er & D12, Malewski (1967), Schmid
(1993), Mark (2001), Etzrodt (2001,2003), Wolf (2005), Chong (2000), SchufBiler (2000) 7% %o
RMEHE~Y— PV Iilo C—oDOEEBIERECELT 50 LD TIULEALEKMET TITAZD
i % 22§ % 2R3 2B E ML ENBIREBE FICT 6056 TH L, 20 L) EIREEN
RINLTw5 e AT, BRSNHEEGERe NEFEWHEGR LM I~ 7 uRFiHO 3 7 o L8
I3 S v, 5T, 752 v AR (Reckwitz 2003) 7V F 2 — DY b AL, 174
FHOBBIERMDZALL B IGED T TOAITEAZHHTE % (Bourdieu 1979 : 139ff.) . ZiLid,
TAEIEOINETOERRERKE TR LI LE2MET LR TG SN 5k E Rk
SEFHD Ecklosung & LT 2 EDHIEE R b 2O BEMRAIIITAFE OIS HROETERE) & EHUIAET
DHGAOBERIZ EIVIZHEEZ T v, TR LT, NI 7T I 7 ~7 4 v 7 %4755 (Jonas/
Beckert 2001) 753 % & 9 RATHORIEMEC D E % & o 1THEDRIEDPAMEE R IT SR % A
THIENERDLEFELTCVBEN T TENDT AT 5 L 212, L2 oBEIERICHED
ZEMHRL HEN R BEIT Ao THEEFEZ Lo EEEEEUER (Becker 1982 1 3ff) X439
LEEPEFRILRETE T, oDV ITEOEE A RRFHOZIRITT 52 enthiks, L
FRO SRR P NG A YR E T E 5121E, B4 OGRS E A H 5 ORI & DR
EEBN TV LN EIFFEICERT A EDRTE LT E b RS, FANnENE & DI
RENTEEDPHEESNLIRY, ZORFITHT 2T XCOHHITMEHA L % %,
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FTTBENL L LS ZOOBEY &) ) ZHEMKE LZBRICASRIER S W L2 Bk
L7ze =07 —A TR, fTHAEIMEDITAZBISEL, BHOThEZIUIEbEL I L
WCHTBET %0 WO AHCHRRIET TIT AT 250 b 2 WHENZRET 25 & 2 2 TIaE
TERE SN T WD, FH0r — AT, ATAFEIT IO 25 S 13, EOITE) 7 v
Ly VREBIIAND LR ENE H—ESWASOKFEITEE O E % I3
%5, AETFERLETIUEZR B2, ITAEROMIEREOEEL, 1ThEHSHERN, HE
DBHCOKRIZL o THG 2L OMBRERE L LM T 28 Th o, to THRAIIHEH
AL THH S NBEOMRE BT 5 2 & 2w 500 Ltz (Coleman 1990) o
5T, WS OMEAKSE LBLE S N72AT 28 O R AR v LSRR (Blau 1977:
144ff.), A RRN#E (Boudon 1977 : 271 ; Boudon 1986 : 56ff.), ZDEIZEHIGATHE: (Sawyer
2005) b FoALSMEELIFEN S, FICHEEBERRESE T2 OEREL ZE ORIRAME
MNTEEHELTMTIED LIS L TER SNz (Blau 1994), SO EHOERKNTH
CHIENLITAEEOE A DITENL ED X HIZ L TEL S0 (Wippler 1978) |ZiEE % LS
5EEIZEBEICBEVTVWIDIRZOMOMARNEETH L. MEOHSEHR FHEMKLE &5
FUshR) AATAIC BV CIEN R EE A R72 L T2 HEZKRT LB, vy, —oD
B OM SR EOFAE T VA ERNGE SN B ATHOER SN ES, FHIZEWAST
BVHEE IR & L MO R Z IR S ¢ 2 L) BB L 21Tk 57w,
CHETOERIIHLARFNHMRHEOOY v 7 2RV IMTIE TS THL LI ICH
9o BADN — VIR L 72AT A OIS % AT 5 A OMEOAIT AMGm» L EFEHT 52 L %
T —KEOWR L LTED L) GHHZIRADPR LTI LB TE LW EPREIZHS D
WCHhBTHALI. TORDY, KBIENE 4 DODOHHART v TOVHFET 5 LIETRETH
o HB—AT v T, TNEHAVC, HOPHCORWZ AR5, ARH, HEN,
BRI FEINAKIL L €, BAATAEDOITA T % EEOITAD R LM« DFTh#H
AEE T AR L HIRICERE SN D, CNOOWEFFEET A-010, RA2IMEEDTS
DEIDFRMZZODMENH 5 Z L2 ZEE L 2 ITHUI R bR\, —TT, BBZLDTH
ML 70T 2y VA7, ITAFEIZES b OBRIGEMEZIIPT S & TR
Mo7F—4 L A3 ESHRAMNERY DEMT IR TERITNE ROV, HHD
FHI & LCFH LR WA AEDSHES DT v 2B L 2\ F TH IR TEEMN TS 2

P O TRO ODEEMIAEL B, EDIR, BEFRRIITOEEE ZOBREN TV EWHYE
ATHVHRWLTFHELTOWRD o RS EEOACICHERICITE T 21TAFE P SV LT
HELDH (Z4UZH LT, Wippler 19782, 1978b) . 5, 1724& OflifiEm, HAfFER % 52 iER
THZERL, ZOMEOEAGOHEIEENFHT SN A (ZIUZBE LT, Blau 1977, 1994), Z®
TODMWOREIRTIEISECTIE R S %2\ FIIITAEOITEIH S 2 TS )20 & 255
HEND B E W) T EIZHITEREEBZ /20
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ERHKD LRI DD T L EHHELR  SNLIRS, —BREREOHERIZIDON L, F
DEVTETIUL, MEDITHEE, EITAENHTOBEBIEORICEDRIES S W EE
BRED—DOThH b, COMLFTEBENDE TN TOMKWATAIELY — 2HHmREPIRET 5
HREIATA & L CHRSNE 90 ZOHE, RAGTFRICK o CRESNIZEEOMEATA,
TWLENSDEL L72Dh b LN WIRTEIC & o TITAEDPE W & ERBLEL TV 5 0
EI, WENEAELTVIRE ) PEREDTETH D,

WO OIT R OMEARLFD Z OKGRIE, FHPOE AT v TORBEARIBIEHZ U0
Mo TWLDTEETHL, COAT v 7L, FEERELTAMENELRMAT S5 LA
Wk 2 &9 IZE MMl 2« DITRBEDCPIZ L TEDS DT A EZ BRI 2 D% EET 5
CLIZH D IETESNIREL R 030, FBAIZINS OHFEEIEZF S A D
SANEMRZ EDHHRD, FDOANZALEI—EDORRT THNEN) b, TTHALILZE
DE)BANZALDEHRIEEHORIIE S LV, RICENONOTFELEROF ¥ ~
ZNIATHE DN S O ARG 2 ISR O R THE L L9 L 32BICEE T 2MEDORS &
WHICEAEND Z LR HMOAIER S W HEOFTAREOMER W LB L b o
72 UE & RN & & A RRE (Ullman-Margalit 1977 : 82) & R SN2 b DDOER I N B EHK
RS HBC, A REANTHERI G0, BERIEESNRED) 5 —
B LOBH D T AL LCHHT 247 G2 LTHEE T Lidiskawa 72074 ) BIEIC
ol ERMIEFE LTS, B|ETIUL, TAEIMEE & D% (coordination), #47J (coop-
eration), %37 (conflict) (ZHFEDLT CHM AWV LM OREL FTT & &I, [TAENH
HTHDIEEALRY T 4T, AHT A TREGRHNERTE 01, 1THBRICHES L
TORTHL, ZOXRT, %< OFHE (ZEBEAH LA AW, HOEMNENTT
BHEPHE ) A EOWMER ZR Y IRMET 2012583 b Loy —28HmTHL LEL
TWbo BT A L9124 0y —ay 7 L7220 LX) RATADF 7 3 v OFM 2 KB
OHHTTE, BIEESNDITAEPESOBNEFHOKE L ) FEmiztkotnclidts =
FANRIEZ S RWAEIL, B)ELEE)BEEZTRETHL, ZUI—2IZIHAIRL
MEABD R TV LD IBEORIEORMERIER L FOZEREW T 720 THY), —DIC
W3ITBEDESBF DR VI EBE VIR 2 HNCBRLY $5 L X TEZ, BELT
AETER VBB ENGIBASEL 5720 Th b,

FIRBBEDPESHPERL TV L RT3 2 MEEDIEELIETIE, HOVHLEED 2D
SALEHRBLMERTAZEIHE LV E WV FHEIZE 5> TREAD—DDLELMT

® Ullmann-Margalit (1977) 1330% %)), RPEOREL XL TW5,
" Esser 2000a : 27ff ; Little 199151ff. ; Mayntz 2004.
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Elpv, FLCEELRO, 155 2MH GERATAE) LBDY 2RO L5 IS 5BM
JHEHZEELT 22D TELLE I N TH D, I I TIEHIBAZAL L 7 VIR E RO
iz, WS ODOEERNT IS HEEERIZLT0D, &b, 15 MhE MR ICALE
THHLE LIZE EIL, ZOTAEDNTFICANLDIEEALRTBEOWMM P NEZLTH L, 2
ne e bIcKL L, FTTBEITAOHETRE L Lo 7GRN 2w LEEM A /T 20
EH,, INOLOMDPEEL CIFEEIND 2h, ENELHEAWERIZSL SN, Motk
BWSEOREF = v 7SN, FRENDD, T0 X9 W OMFHES SIS rIZAD
—IZIDHEE SN D PHFEORBT AR LI SN D, SHIIKRATHESFICHR
BHER), FTEMOLH OB YL %M S RIE% S %\, A L T A OREE, 5SEAED
EOEEZ DL, TRNTOBIUTAEDTCTNORYGIZH LT 2 LIKET 2 DIEHEITH
bo $hbb, ZOLIREBROVTNOETFTIMEL Y 7F TF~v GEfi) 705 Hoss 5
EZAUTHIG L7z & B LA BT RETH 5,

FRROENAHMEIL S NG &, HEGHRIIEEORBICEE L 72 A 7 = X LA 5
NEID, ENLZTORDORENSH LML L) ELZLTHA 9 (Schmid 2004 :
247f.) 0 72 b X, SHRBROREEDRIE ) ~OW S OB LAEMEIHM S 2089 2,
FIEBOWNIYE % FNLT 2 72D I KD SN ERE D, [TAEIERENZESEL BiET
LEIZ, N —FTTHENEI) e WTIUIE L, WIET 2 HERRE ERLT B 72012
EMNRENERENLE N E D D, THI— ZADRMRIENFENL D E S H (Coleman
1986 : 15ff.), HE L BHOMMA LTI ERRLY % 4E L 5% (Boehm 1987 ; Gambetta
1993), ZEHHHAE SN R 52D &9 A (Schweizer 1999), 15 H 7%\ LT & A0k
EMBRERNEE SN 549 7 (Bourdieu 1992 : 46ff.), FHENHE SN2 5 &9 7
(Sneed 1997) % Fk 4 RO RILR 52\ TOFMN & 10 7 OHE L SR & B,
o OMEDL T O, Ml BEIBIZO20bo T, TAEIEI %R &b —RELEN
D= RNt RPiti e B2 2 MR HL 2RO 501, LHEISOMEGIZE b
TARBWALMFE o724 B TFHETH DLV ) T—EERIEBL TV 5,

L L&dss, MEIEIG L 72AHEAT 2 ORI ZEDPATIN D 220 &9 I RFED
MWTHh Do FELUYD HMSHRIL L ALFET T AE N 2w LARNIZED M
A MRS A2 2 IR IND 2 2 LD HRL DD, hHIZHD R NEH 721§ 2 P HEE
THILEEBNLNTNLEATVDLENE) B, AL PITHRIICIZFRT X 2 W2
BLTETVD, bHEAAMMR I LIE, HEABFICHT2MVIZEZ 2720101, S512
HHDZODAT Y THRLETH LD, 3 HAITEF [REME] L) EOL L THRLEDS
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NTETVWBLDEEEL 2T LSV, COMBEORIIIITAEIMYHI AL S
WEEOIFEREISOEEFHE EZ WP L CHEET 2DV ) TATTE/ETHI L%
BT 2% 2D %) mEROF SISHEMEEIZKA L LCTRFHTH S (Schmid 2009) »
L LA A Z AL & o THIBI S M 7247213080 - AT i858 (Esser 2000 ; Linden-
berg 1977) O H.Z 2R TIEIRL, G LADH DL AN =X LADOIKITH 5 L0, HFAYHH]
DIEGHIREIRFAETH 2 ZEDHATH L L) ICBDbND, Thbb AT =X LDV —)
IZHED BT 2 O LG RS FE SN D LRENI T TICM O N TV R T IUZ R 5 %2,

L L%, BETADORFKEOREIITHEVRINS DIRMHIZHS EO X9 IT0F 5
EW, EORENLIZALTHRRTELZWLORE ) ha e L kv, iUl SHOME
Brm T Th720100F, HAZESHIZL)—DDAT Y ThLELT D, BEDEBITHD
ERDE (BHBE) PN OEBOUEIL, F L TERTDO AN = X LOFAFE, i
IR ED L ) IHBEL TR 5 HET 572010, IFIREIEZ NS OFIRIRIE (recur-
sive effect : Luhmann 1997) IZB 3 4 854 5 EHRELELT L, 1L, TAHEVHES O
MBI L 7247 2 OBRN 7RI L TR T LB L T 2w T, [TAEDES
DATEVAE DTS 2 WHEMED & 9 % FEMBERICED L ) e 2 1 = XL OEEGNRIE
BT HMOFEROMET 25 & SIZWo TERSND, FERRLL T, IRHEIR, 174
BHRED L) ERIINRIZOWT—RIIIAIEME LR FHR L pF - nw2 E, 2o 7%
EATT 4 TICEESNEZEFNIEATY, 5T, EOBEORANLELD0
12, oI nF CORBIERS S CIMBICET 2 BRIER % 5% ARICHIET 2 2 & A
Phabhnl, BLTR LW L2 L2 EETXTHLY,

S RTITAEDNACOHEO L TITAT A% 5, [TARKRED 2 OFEE EERZGANR B & -k
TR, FEEADZAL LR END, ZOBITEEOHIMEIZIVE SN g0 EARL LIS
—H LRI R SR VEADNEZ L L X2, SEOMHEZHMLTE 5,

CFTIIHIS A L DI, EEIERTEIRT 2720128 o (XS GEANIEE LB LA EH IS
bo TOWTEMED T, NIHEHROESIIHEZITHBOM 2 DITHP L ED LI ICLTED
L EEHELEOR) T THIRT S LAC& % (Lindenberg 1977 ; Esser 2000 ; Hedstrom 2005) L
M LBFEIE, A H = R LWISHREL S N7 A OEARFHRIIER - LRI OF®E L LT
%<, 2L O%E, —EDAN AN EZOREFRLEIERICFOEHGI 2V LB (3%
RENLZRE, o) FHRELTEL S, &5 7% 55ME Schmid 2006 : 169.

Y EROWTROr —ATYH, HIEZERRE VL) QB THEDIA 2T U % 5%, Z U3k
TBEOTEMNRT LT AOHT 2 BB 7215 Tk, TS OFRERIRIT O & 28
AN > TWAH I EZHIRE T 5. BREIZOM#MEH-> T2 4 X&0, 204G, #
BENZEWROMHEE BRI 2089 P& REOMVE KT, Beck EHH I N TV WAL,
A OB SN FHA TR T 2 b0, FifFEOREX KT % DIk LC, Luhmann (£ AT
ReELZxt L TSR CTH 5 .
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3. R

AN ZALBHGRHELY 4 OO AT v FITFT B LIV OO ERALE LT 5, &
HLDIFANYANDOF) T FNRHHETILEOMVEICETALD, Ob DA =X
LB O T IFE G E BT R L EELTWA L 2 —1) AT v 7 AR 5,

3.1 BKES & ERE

9, TNHPHERENTHAPLKEORE % %0 L7-3H % %3 L £k % (Hedstrom
2005: 35) RV, ZOFHNNY U PEH LN RVETIVERLL ZEFPESPIZEND
RETH D, WMMNMTBEOTEEHRAT LI DMV TH L EZHDHHDE—AT v 72
BT, AYAVOBRPGEIZ KT 5. TOEDICIET OO EEI TR S NS
VEND Do, —FHT, BMMTHOCTIOFI M 2 DT 2 AN —EATH % LD X ) ITHEE
T 22T 2B IBGEICT v €=V 5 S e DKL RNETH L BEICEATER

TVLHEOLHA N AL ]HET L, Bk ) T, FMOM LI LT AR T
NTUE, TAEICEZEBREZTAT B SOMEEAR, BXY, BHCOIZEMLZZANEBEE)
ELTH-o T 5, Fex OFEAIEZIAGRIZIE & L COMEBR, 1TAORR, RETIX
e, MEATAOER, FEHRICL S IEHBERTLLDOLRITREL T b,

ZOT—YEASED I, BHETRVESEZ 25T, O D IkA I SHEENEI %
EEELHIH D HEFET 2 2 & 2 WIS T Akl O MRk 2 — VIR e v e H1F, BRI 7%
TR KIS 5 & & 7% LITHASFH AW 2 #2583 5 2 LTk v #aRFrIRil
(X IR AT B PG (ERESRY) 27125 KT % (Esser 1993: 95; 2004 : 34,
370 MZETld, HEBREZOEN, B, B AITZE DM % O#ISHI1T 2
IZHEOWTEIH SN S & & (Lindenberg 1977, 1992, Little 1998) (ZBR- T, IS TET
Wb bDERZRENDY MAFROIERNZFENE 2, ThddbKiEN IS 2
B BIIEATKME n-1 125 2 0 JGBEIRO IS LGRS e s w2 L2 3
K Bo TABMIC, MEFFMIHPIZI 7 0IlEBE B, V0 LIZECVGY (Bunge
1967 : 26ff.) DX TIHEHRS 57

U b b EREDR LA CET 2 FSoRELRFARHIE S NS & & BN O L I3ERT
BEANLZZEREEBICH SN TE, ZOEYHICE LT, Mayntz (2004 : 246ff), Mayntz/
Scharpf (1995: 50)0 EAZRFEHETTINHLTIRT 20, TOMMERRIE T Ky 7 20
SR OHREVSE RV L AREDRH (Arrow 19787 ; Sen 1974) AT 6 202 L& T U7 5 7%
Vg,

¥ Watkins (1992: 127) 1, ST 07 5 21372 0FEE (L1F) OBRICH > THE SN S Lik<Tw
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2F ), FEVHHOERIIRICERD E OIS NTE ) R WHIZ R b T4
LS o 1 ESTABNOLHA 7 XL LTUEDOT, HAFEIFIE T 512
&, EABGEROATRIFICIR T, 7R OITRAIRIL L £ L 2 HEICE T 2 HHRrLETH
bo ZD &) IEHIE, BELMEOME ORME N & R LATA v LATENC BT 51K
TENDFRELY 2 B ICI BT T A R E WA GO TEA S NRE L S 2w, 2D 89
REITTEFITT LDV, A ATHEOINRERSES T > 7 > ¥ = v P e TIT R ED
PEATH KRBT HDEE L BTN R SR, TW R, SKEFHHOE AT v
TN, BTG OAT AR & MOLICATAFE ORI (HEN) IS 57 A MR IGHIC
SRLZTE RS RWwE ZZRo TR Z D 5.

ZFD XN RRIEDEAN X - T, For ZHRIOBED S E—KEQBHILE S N
ETMLICAS. $Thbh, TAEREITAEOEROBERRERIICEHET 2812, 4
BEANTAZERT 23070V 2y PTIFRICEHRRENE T Y T3 X MZOWTOIRR
EETWVERNT 2. ZNIE-T, KA ZOETMUITH IR OMBIMEZ S 2 FEE
BTN B IR SN ERNCIRGT L 20725 9 SIGE Ll 5. b LA T s OfiE
o TW02aArTXFAMPED L) IZ L THBOITHE DT HPHSHEL L0 L) HniZ
BEADIEIHLDE D D50, RAZEALREHT THED 2 WILREIEAER T 2 212§
BRIGEIARIL L 2 LR S 7 \ve 2D XD RIGED I, BT X 20— L2k
FTAHAZEEFZOHMIIN > TVE7EH ) EWVIHIRERZITTRL, YARKITT, HCF
EAHBEIZOL) V- VEBREL, EFT2LELRGEIIUETT 2B E R T HED
HLHTATTbEENS (Baurmann 1996 ; Schmid 1998 : 118ff.; 131ff.). LA L2275,
THIFZ S THRAIGHBEAREICEM L7z A = X4 7% v Lid (Douglas North BT D)
W=D WIHIEEZ, D) HRADPK NBESOFEEIZT T2V b TIERN 2@
ELTIER T R ET B E (ZIUIHIR 2 REEL LTEHE 2055, HATHED
THOBEMICHMRRZ 52 2) 2% LATERL2VIRTEV) 22 EHRT 5,
M LT, HHoEHE, BOMNEMTAEPBEWICHCORKFEZBRT L2 L 2T
B E LR OHANHAA (2 HUIERFETAE OB ZIT AP VWEEL 525
CEERUOMEND D D) FHETTAANZALD T AL AETFTVERET LI EICH D,

FHHDHES, 4 AT v 7, HDH AN X LOFEDSBIFEERDE LT X $HFEIC

B2 X 5 THAE T (Hedstrom 2005 : 42ff.), 5045 HOEEIEIIEHL, 5124

%o Bunge (1967: 26ff) (ZFZHIZA N = AL OEROPFT M) T, VAL 5252 L2
KT 5o FITEVGHIABEESD & ZICHRT 2 2L TE 2V,
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HDA T Z XL DR BB E AT IVNEH T 2. mEE LD, ATAICOWTOEAD T Y
7 FORMEEDOENT, FAIEI I TERILTRELEOEINHERZ W EThb, £
DD Y IZEEITH DG & FAERERE 2 FET 572012, FAZA D ZALORELBHE
WZOWTHRADHORIER SRV LB ERERL ISRt T 23070 Y2 v MR
MELEE T D,

FROZBLI o TR S NCHHGmROMEIEIE, bIERHRLLKETH L2 T
7 LERENTH H S (Hedstrom 2005 : 30f.) o Z AU ALT 2 DOFIFIZ 7213 T L P D A
TV TS Y TIETE D, BETIERATEEOITAEDTA LIRS 280 5 L
T, fTBEBEOWRERMEAKLE, A7 = XLERICHT 28, 2h o OIERNZEE1F
FEIZB L CRmBR MR il 2 85Kk § 5, FREOFHA T v TE2MAVTH I LIZL 5T,
Fx ZHHAGRHREZ TR T2 HRD, TNICE - T, EREEROMBIFTIOA T v 7T
Wb NZZBERDPEBED AT v TTINT A =5 v LEERSEMAE LCHREEL ) 2 55 L mEn
RO BN D, DR LBNTELLHIE, FEO5RLHPAT v TIXEKREDIRIIZ
FRoE S5 peculiarity (i) ICRAT AIEZLEE T5 I EDFBRENLEREZ, ZOR
EOBRPUISEEINDNARIZTG 2 ONE AT v TOWMHAEEZ T TIHEL TWb L &I
BRoCTHRET, FEAHAERADET ML Y NY D EREEAZEET L L2k
1250 5

HHOB: % 72 A7 v T OISR T 5 EE X OO EE X HO. $£—13, 1TAEKE
DU % A7 = X L O & L EEITR OB, W T 2 AT A0 Nz LITL
EAMEELATE 2 WG 3 2BBWETIVICEIRIND 2. ZOETIVIE, [F UBRNIES O
7L — AP CREENFERE, HELHEMY) LIPS 2 L&Y 5 (Boudon, Lub-
mann). B2, HOBIIOFEL L CENE S DI OMEDE D R LS IS OEE
Wi 7 BOS ORI % 5- 2 0% 6 DT A O E RN 7ZTIRY 15 O A M5B o Wi
EL7z, BEELLHEHIEZ SNV THS ) TARBUS, Fri I IIEHEA 7 HEE T 264
SHFER (Durkheim, Weber, Parsons & & D2%jk) OFIE S 2%k s 2 Lotk 5,

3

32 XHZXLWEFAOE1—-URTy IR (BELEFE CEALT
ZZTHPNTWAED I 7 0 lHEEL B CHImEOmM L TN L B L 25REE £

WLDFEN S, a3 d LA DEERICE I, FRCAES2E0) —F 07 A buRER

TUTTNIERDEH L5, EOL)IZHED LY, W ODOEELELV-LETIE TS
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EMHHDE,

9, WHAOAT Y TOTRCEFICETT L 2T IR O 2w E 2, ETMEOZKE
TERBIZANGIN) 2EBOTXTHMARFIUEL L5 & LTI s nweE I Twa
LbOE—ADWARWIETTHLY, KADPEE QIXHFE LY, HLOHOETFLIST 2 —5)
EET B ENDPOERZIET LT TOEETHL, LWH)DiE, 29 TRIFIE, b
NDIUTHAAT v TOGmIED R EEZHET L 2 LSRR L, TOT A MRl b i
RTE W5, 2F V) FAL Imre Lakatos (1970 : 10f.) 72\ L Nancy Cartwright (1989 : 161f.)
BL72E1, THOSEEAE LITUE] oI S - MM % HET 5%,

Fr DliiELHED L7201, FEHOWTNOZA Ty T THRIMREEZ LA L 210z
550D T, ATV FEROMMNT — X RG] ST I LMK NEETHEUPH S,
Z L DHEFITHRANZZNSEZHAZCEAL 2T NI RO 2WL, Vh—FT0r I 008
A DBZNEIT)RRIICP Lo TnD, LL, FAZENL ZMOET VA LMEHT
HIEHWRLLL, ABHGOTVET NV EHVAFHEZWHIET 57837 LV il & it
FNZAE DDA Z EDMHETH SHo T AREIZ, Fx DETIVLIE Heelan 12 & > THiG &
N7k — Tty NG ST 5, rd ERROMIMGEAKE 7 A~ LA Th
757w, Fmi e BEEIER A DM EZ ) 72 EBATWENPICEGENLTES 9 FRIZ
X, VYN Y N BRAIRENRE TH LA IO, LFENTHEIHEDTHEEETH 550 &
ADPEBIEICT L LT TH L, HICTEEZ FHOE L, 2o FRICKL
TLUNY MR TEPRRA o2 LI L > THHEN ) 5, ZOHFITE
NOEOHEGmET Do LBWIIHETHILTHY, ZTIUIHD BCTHEEZR F ) ¥ —F % fikki
52 LIE X, [HFFIC Lakatos (1970: 135) ORI T4 Tk a—1) AT v 7 ADFEME
7z o

ZOLEHLWAHGTETNVEINE TREGEZS72EEN S OHEBEWICT 5, LU
4 OO FAME & BEMEEZRTT 27207 AMENI B0 THL, 22T,
L (HIET T U o N7IMREDSE O & 9 12) #FERY Y — F O DS HE O TRl
bt CIRFRI 7 7 — A IR A DEFMLIZL Y S b |k E w7 DBIRIZH O % T
it S ) A HEME R &IV T\ b (Esser 2004 : 28ff. ; Hedstrom 2005 : 114ff.) . Z 41

¥ 472 LI Hans Albert (2000) O 7535 Al L E3OEARWE 2 126> T Wb,

Y EDLHHREDFIZILH Y N ERMNAIEE SN BT TR, B D I1T & A CEBDHE L W,
EFIMEOHFEORRSE 1S D, 32— 3 Yk (Hedstrom 2005) 72 LD X9
WZALE DT 55 Sozionik D3k (Kron 2005 ; Fisher/ Frorian/ Malsch 2005) 2%7R$ 2 & TE 5,

B BH4ERTIC Hans Albert (1967) A3 TICIEH LTV A X910, BAMPMOLLZ AL LawvE &,
FADETINVT—VBIEIHFORWIES> THEETE 2 WS ERT 50 Kxfic, g sz
T A= ZENE—OHPIEIRAETHRY, A IIRBAGHE AW T2 e TE S,
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FUTIAMO, BEEEL, ZORY CHHIM & RO EE ORE L TR T 5 Bk
B NTREERE ) —F OFE A g D B <

MR OERIZATABREARICLEH EN L, ZOBET, HERENS T THS OB
BERE LW EB o T L0ITAD EARNGED, Fie RIRENED L H 1L TREIC
BHEEONLPICELTHABICELERZVE VW) HEL LN ORBEAEL 5, FIL
Esser (2003: 70f.) & & 12, ANMOITAHGRO—HHERIZE T2 INE TOTRTELIL
WESINI D EFE LTS (Schmid 2004 : 24ff ; 2006) . Fx Dk 4 /8T 4 ADZED X
) AR ERT DI LB BRENE ) D, Fa AR 2 BT AR T & B
Edl, ATABEICA N = XA LANEEN DR ) % W72z 9 L3 54 (Lindenberg
1992 : 19; Stinchicombe 1993 : 35) (23T, HEREAYHE B DK THINAY 20 52 % 1725 12 B
T5HADREDPIRP ENEIEFE THE L LD D> T Do 2D L) BAIIATHETH
D, BFLVWOTHIUL, [TAHEGRON— FI7OREZBAHEL Z0%E 2 5N DILEE I
ETLILIHEMZIZT v ATHS (Stegmiiller 1980 : 377) . [FIFIZ Lakatos O ZBk
TORETRER ) —F Ta 7T LFEBRT L0, FTTAREDY Y N2 REDOF T2
FTLIFECIELR I ETH S,

RBIS, AN = ALWHHTE 7T AOEELRFTEELBAALALREELS ThHIL, KA
7o E oS BR AR A 2 AL 2 BRI HHHE G525 T LTHRAITHEWIIHA 2
ANZALD—DIEL LTHEETLEIICKDLILICE ST, BEW,IL)H—F 71
I8 XHT LI EITBEYTHL L ERHHETE 2\ TON—UADERE L 2\ W ERIL
HARHEORPIZAO MRS SN D 2 L0 WHEEHMT 2, LeELAAS, A
IEHE S AN, 20 &) RANERAE ISR 2 F A EAT SO TR CORME)E—
DAHZANZE S TIRREN) BEERT LI LICERT 23T TH L0 ZoFERITME
ERFEERICHI 25720 T, TAMERRRT 2 2 FRENSFEET 52 LIS
AL, WONICHESTWD, T, HEZAHETH->TH, HADA D =X 20
FERHOZLRIIEM LT 20T, BLH L, HAMTH AT =X L O— AL e =&
7V (Esser 2002) OE B S N/KEEALICKEA ) —F 707 I LS5 2 LITH
ool ThH I,

" Gary Becker (1982: 3) 12& > T, §XRTOLHEBRITTIHEHRTH 2 DIH LT, #EEFHITE -
TE, RUOFEHEROTIZ LT BRO—2DEREE RV L, vy A EH#EIH-LLFOT
RCOPG % ARG OBNE A% T,

VORIE, TR L T~ EERIEMET 5000, BEFEET TR, A% F0 L) hwEERE
IZFE AL TWwD L3S (Schmid/Maurer 2003) o
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FMIREDFTE (FREERR)

FORFEHEOHBG LA SFE:, ZORTHHSELBEREINROME TR TE T
Bo [ZOX¥MEHBAREE LTGEH L TWL00, CAREKRTEHL TN 20
A S OB ENE, [EAOMEZ HRFFNITEOBT 245 ) TR iR, ANBEATZ2OIEE
HIZE VB OBl Z B L C, 22265 S SNIRDODBNT A, 2 F 1) [#EE25547 (Winch
1958), &t~ Y7 v 7L MY B NsHt (McCloskey 1998 ; Brown 1987), A (Kluge
1999), %5 (Luhmann 1992 : 147ff.), A% (Danto 1965: 233ff.), MEVER (722330/brY %)
HkFOFEHER (Weber 1968), #&M7% b DDOAT R &2 B LETCHOI Y AT 4 F 2 —
v a »5r#Ht (Luckmann 1992), & %\ EEH O ALF 1T (Abel 1983: 3) D721,
AR EOLANCERE 2 B2 HIE B ISBrE o n/z] THadHI NS,

FIDT T, L ONTREL ZOWMFLELBHTLOTIERL, INFEFTIFEALEH
ENTI o T ENATOMAFICHES LT, ZO20FICFTEIIMLIZL O LKA
FENL—ODITRHK A FEMT 27, ZOBMHERENFTHHOESL ZHO L v ) LR%E
FTHRY, PR EbRONET —L BT RETH L, [HEFEPAMITAEED T~
A x7 M FELVY Y 7 MEERICID MG Z LD IE LW 51, 2iUd—20%K
HERFHMEICER L CW 2 HIR D — T, SBBELOFMIVEDIE, £EHD
il (BATAE) TERLY, <7 olEEHIAE (Wbw 2t amibsk®, £463
%) ThHILEERTH D, MHT, BATAOIRIMKIMT 22 &2 LIS, A
EDXHTERL, REIIER SN, BRI PICEEST L LdHkR V] 20>
WICHETOMAWLEN S, [HERFZOBFINIL, v 70 liskFoI 7 0iliERE B0
ToHAE LTHED 21T HBIERICER L S OfEb N5 COBATAENZTOYT 2D C,
HO DA% PRISZ A L) ICEWICAEDLE L, EFHRREA N A L~DOSRIE, #
PRAHORINZE > TEELZEREF > TV 5] DT %0

I8FE (JREERR)
M ARHF S IZE TN 2 TEN 3 (Homans) OIED & 5% wL, (Blau 2MELE L 72 &
I 7%2) ATHBEDTNTOITE %8S L5 % FERE T 2 A S AV I D TRA R S

B BT OB L WS IZE L Cid, Salmon 1984, 1989.
MARHEAI I BT 5785 L)V a2 L CTld, Hayek (1972), Bunge (1997,2004), Little (1991,
1998) DEVENZED Do FAIZBIDENE (2006) THS 3 ADEEZY o T b, BINE LT,
A H = X AWHHOME OfFEBIZIY #lEe Manicas (2006) & Z81F 720,

YOI ARG, MR IR b S, FAUE, AR EN T THEOR S ARE D LT X X
FOSHIFRE L LR IUE R H vk b,

20 42y SR F o) FEE O ff ] Balog/Cyba 2004 ; Balog 2006, 481450 HIZE D ffi 13 Popper 1966.
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e B LAZIUEY 7 ORIk E L, BAIEIITABERNOS R L 75 HEL 9
LEOECTHE L HOHENEET 2ITHEOT O ORIZIAER L LTI 7 o
WCHBALZTIER S v, OB, Bz Ay OV OEENEREIETVIZ, 4200
HWIETTERWHMAT Y T Lo TURMW R LREET VIR I NS, v 7 uBlf
T B 7200F0 & 9 KR (Mayntz 1997 : 319) O Fe ST — D OfEE 7% )5
BB EWERL e HRL, Ziud, HAOEEZHIMTERL)TCoEL, BB
TRHADSS RIS NV L ZIETET 5. TIUE, FEOHROFEL WIHHFI
FCEHSINTI Do E bR b BEOREEOMELERL VAL HMT %,

7z & 213 James Coleman (1990 : 11f), Hartmut Esser (2004 : 40 ft) 2525 L 72 & 5 12, F 4
DARBOITBIEDLEOMIT %) T, k22T EHOLHE T A MLk R% e
T270FEOET VAR ERLT A, 4 d Lakatos (1970) O ) H—F 717
T LIHES TV D TORBIOITHIEIR, AL > TERS NEESTICETO T
BAZEDOLDERLEIND, THITIENZED, KRBV I —F 707 T A~OREEPRFESN
ABLONEID, ENI B ETNEEDOREFTT, BAEDOY Y —F7ur I L0ERFIN
FCRESNTCELATAHGORNRORE LA X2 FTH5 D% (Hechter 1997 : 152), &
VBRI LI LT SN D13 T TH L. BAHENT 2L ZATIE, 7Tu7 T ABEN AN
ZZAADPOPITHEISKE DT SN D0IE, 0 L9 R REL LIRS L > THO THRE
ENb, TOMCOFIHOBIZ, MEERIIZOHINNIEAFLEL B\ Beix ) —F
TO7 5 LB OEENS—DODRH—ENZP Fa—NVEFVIZEETE L L W) 2 &I,
FHHEAZIIEIIZ Lo SHoB EINTIEVR v, Br0HEHZ 7Ty L a7 s s
LOxRE V) SHORWTIE, BANZMZE Lo ofid (2w LiId&FEMADSL <A
RH) DIDIZENDHFEDNDNE ) B, EMEETIVEBTE L 2w, £2T, ENRET
RSB b e, TR EDNENL T EIER, OV ORISR ED
BTSN ENTE 2L THOTH A ),
WEDFEFTHWONIZ LI, PEI)IIHEFTHRVEMLEZBED SN R T T 7 T LD
fie GBAL) 24z %7212, (Hans Albert (2000) AMR%L72) HHIMEHEROLRNE
ZIZEDDIE S RO RE L2 18T 5. 20O®ICIE, HERFOM—1E, SRR
EHGHR TR TORMBEZ - — W len y 0 7% HIETEAI DL, oW %
FEELL T REZ HEEIC Lo ) L2fee 2 — ) A7 v 7 OFITME L T b, HEE,

T HOMD E T ATIE (Schmid 2004 : 93ff.), Ritsert (1975), Richter (2001) S LTW25 X912,
&%, ATHIRMEICIE Y — VRONT S A DTS FEEL 20,

# Z 7711 T Thomas Fararo (1989a; 1989b; 2001) FE 2 CTW5 X HIZHR 5,

B 20 &S BB OHE Schmid/Maurer (2003)
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