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Contrasting Approaches to
Perceiving and Acting With Others

Kerry L. Marsh, Michael J. Richardson,
and Reuben M. Baron

Center for the Ecological Study of Perception and Action
University of Connecticut

R.C. Schmidt
Department of Psychology
CU”{‘}Q{’ of the | {t?f_l/ Cross

How and why the presence of a person directly affects the perception and action of an-
other person is a phenomenon that has been approached in a limited and piecemeal
tashion within psychology. This kind of diffuse strategy has tailed to capture the
jomitness ol [‘rii_LW“TII'II.II!\i~1L tion within and between i*t%i‘*lr. In L-‘Ii[lllkilwlll1tlii*Il.
the authors ofter a perspective that retains both integrally social features (e.g., involves
interaction) and yet adequately exploits the current state of knowledge regarding the
ecological properties of perception—action, while at the same time drawing on aspects
of dynamic systems theory. In this article the authors review the best dAttempts (o exam-
ine how one individual aftects another’s perceptions and actions in the emergence of a
social unit of action. Two important approaches, the individual-level and cognitive dy-
amics approaches, have yielded insights that derive in significant degree from princi-
ples of ecological psychology and/or dynamical systems theory. Prototypic of the indi-
llJrLE;Ifhkw.ir{f"lkill“ !Iﬁklihlﬁllhil*Ta.HEi‘r]‘UfLVIKLn]'W thlt%lrﬂkkﬁl]TIH'JIH]tﬂ
uncovering how the dispositional qualities (affordances) ot another person are infor-
mationally specified during social interaction. In contrast, the cognitive dynamics ap-

lynamical characreristics of cognition and psychological influence

]‘tha!IHIHIHlJ[t~x
HIT}:TEH' H!HL1TIIHL"Hi¢11lﬂ|1hWE\Jltﬂ‘riIT!EL‘HIIUIJL[tuHIL%IHJIQUH~*HItﬁtllhki*ﬂlptﬂlLﬂlf
parts. T he authors argue that these approaches involve, respectively, insufficient mu-
tuality and insutficient embodiment. Conseguently, a social synergy perspective is dis-
cussed that approaches the problem of socially cooperative interaction at the rela-
rional, nonreductive level, using novel methods to examine how social perception and

iction emerge through self-organizing processes.

ro Kerrv L. Marsh. Department ot Psvchology., University of Connecticut.
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ing at the traditional psychological topics of perceiving, acting, and knowing as

—

 FalTa®l

ries of ecosvstems rather than isolated animals. (Shaw. Mace. & Tut

Direct p al contact with other animals, particularly humans, matters a great
deal for shared perceiving, acting, and knowing—it allows us the deepest expres-
sion of comfort, understanding, connection, intimacy, and aftection, as well as hos-
tile challenge and aggressive intent. But direct physical contact is not the priman

MMecans |"*‘1. 'u‘».l]ln |i T||L‘ Iﬁ}]"-”‘ik.![ “resence of another 1s more commoniy a'\.l‘t_‘!lL'Ilkml.
. | !

Rather, visual and auditory contact with others is much more frequent and ubiqui

tous in everyday life. And yvet we know very little about how the physical and

| |
psychoperceptual dynamics of one individual

ittect another. In tl
\!IL"*“ !11&' lI ) 1-_1 Juestion Ol -{i'ul-\i”1: "»\!l (L CTICria 1| ‘Hlui E‘x‘ LIHA{ 1OT
way ondc ll:-\il‘a'hlll 1[ PCTrCeplions .th ACLIONS .I:ll-}lk.ill*‘li““ 8]

ind action possibilities of another individual in social interaction.

\:\L' T.Il\k' 1S a starting assumpuaon I!'I.IT the ' Minant S« 'ki.il COgniave |

tive in social psychology has little to ofter with regard to these issues bec
focus on the individual as the sole unit of analysis and its default assumpti
inferential processes are the only acceptable explanatory mechanisms.
FCVICW PCTSpeClIves that we Tk‘t.‘]. Ii.i"u - .llfL‘II:}‘Tq,: bei ‘-. il mite
derstand social perceiving and acting from an logical or ..i\.u.mm | systems |
[ he purpose of this article is to describe the two primary perspective
 generated research to date and to introds
ctive. In doing so, we wish to provide some imj
 social perceiving and acting that can provide

|
Of research

y -

| : . | . !
[11&' LITST 2D vears since an L’kl‘]"‘-,_flk 11 SOC

duced (Baron, 1980, 1981: McArthur & Bar

Hm_l d numbper of stimi [ iiny TIIU‘HTIL ] S{Aaten

perception a_.\h Arthur & Baron, 1983) and

cial processes (Baron \Im

ver, empirical r

tures associated 'axit]] we: Mark, Shaw, & Pit

social judgments, and how kinematics (m

lawful constraints that determine various acti

(e.g., gender and identity; Runeson & Frykh

dvnamical systems to simulate societal-level

majority and minority opinion) and to describe individuals’ cog
i\ﬁ‘t‘y.iL Q\\i” Ixin_‘l. l.-““]“*)f. lit"\\k""- CI, OUTr recent rescarcn in two dare
Huiﬁ 1( I‘i IIH \}‘ulu[ HHICON | COOTY +iI..iIL MMOVEIMment 4! k w.l'{]‘t'»l ! d COUI
tor dynamic (Richardson, Marsh, & Schmidt, 2005; Schmidt, Carello
I“)”C) .ilhl Ol Il'ltg cmergence ot kn‘t'["rr'.tf_l\ ¢ ACTION ITom an art 'Ikiw!ur_

(Richardson, Marsh, & Baron, 2005)—Iled us to realize that the p
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were taking differed in some significant ways from that of previous researchers. We
have come to the conclusion that the coordination research is not just an exten-
sion of motor control research (Bernstein, 1967) to social psychology, but rather
the emergence of an alternative core for social and, perhaps, ecological psychology,
based on real interpersonal or synergistic perception—action systems. T hat is, we
have come to the conclusion that our way of viewing aftordances as emerging from
the social animal—environment system, as opposed to the egocentric animal-envi-
ronment system, provides a way to take more seriously perceiving, acting, and
knowing as “activities of ecosystems rather than isolated animals” (Shaw et al.,
2001, p. xiv)—where the ecosystem is composed of multiple, cooperative con-
specifics. This article introduces this perspective as well as two other perspectives
[l"llll 11-.!\"._‘ :k‘llk‘fliTi'J I'L'“‘L"irk_ll Lo J.lh',

One perspective, which we refer to as the individual-level approach, examines
how others influence either perceptions or actions using the individual as the unit
of analysis. Figure 1 provides a schematic that emphasizes that the unit of analysis is
I]h_‘ lThil\'h]H 1]‘ {th TI‘LII percepuion and ACTIOT PrOCeEsses are ].'l'l"l'l_“‘*l_'ﬂh.'kl ]‘\.' -..li.‘wu.'lll*
nected arrows rather than a perception—action ltu*]‘. This reflects that PL‘I'{U[‘UHH
PTOCCSSCS dlc \IHJIL‘-J In IH‘I._iIlu*H Irom action processes. ‘Hk‘ t‘![hl_‘l“ ]"‘UI‘%["L‘L'H\'L‘,
which we refer to as the cognitive dynamics approach, focuses on the internal, psy-
chological dynamics that occur when other people influence an individual. Figure
2 illustrates that the internal dynamics of a solo individual (rather than, for in-
stance, interactu nal \.i'xlllill‘lh_'\) 1S T]lL' PEHNAry TOCUS i'l-llllﬂ }‘L‘I"*["L'LII"\'L'.

We then introduce our third perspective that derives in some part from each of
the other two, but also differs in important ways. In discussing the three perspec-
tives, the criteria we compare them against is how well they capture the fundamen-

tal qualities of any perception—action system, as we describe later. Moreover,

Aactor action , Atarget

perception

What emerges:
--individual perceptions for the actor
--individual actions for the actor

of the target on the actor's pet
the individual actor picks up informa-
arch tradition, how the behavior

| BY re '
ns by the acton
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A

What emerges:
—intemal psychological states out of time-
evolving general dynamical principles

nitive dynamics approach, tl
t dynamical principles witl

ire artected

throughout much of the article, by way of illustration we often use the example of
the formation of a macroscopic, cooperative social unit—a dyad or a larger group,
or, as we term this, a “collective” of some size. This is not the only phenomenon we
wish to describe from this perspective—our interest is in understanding the per-
ception—action processes involved with social interaction more generally—but we
use it as an illustrative example of the emergence of a social unit of action in which
individual actors become part of a larger social entity, a collective, because it char-
acterizes social interactions in their most abstract and basic form—how two or
more individuals function as one entity. For a human’s ecological niche, other peo-

[“IL‘ ATC dll L“’*“"k']”fd' [“,H'I Ol [llL' t'li‘\‘irﬂlll]ltllf. mn_l.ll interaction i1s 4 Hiijlilflx.xil’lf

source of meaning, and a collective is the minimal unit of survival. Thus explana-

1 0
i

tion of the essential nature of sociality (M. Gilbert, 2000) is a particularly usetul
test of each perspective, although the researchers’ purposes in most programs of re-
search were admittedly not these.

Qur criteria are based on the tfundamental features that are characteristic of
perception—action systems. \\k sugeest [}LII T}IL‘HL' aI'LIL.l}ll features HUL'J NOL I“"L‘ [c-
stricted to individual perception—acution systems, but can also be used to determine
the adequacy of each perspective for understanding a perception—action system
comprised of more than one person. These features are explicit or implied in cur-
rent understanding of ecological psychology and human movement science with
regard to what perception—action systems involve: mutuality, reliance on dynami-
cal principles, and embodied processes of meaning.

As Figure 3A illustrates, perception—action processes are viewed as involving
mutuality of animal and environment rather than being solely tocused on the ani-

mal (e.g., the animal’s interpretations) or on the environment (e.g., as a stimulus
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for triggering responses). 1 his attribute of mutuality is captured by the concept of
an ecological niche. When one considers that other people are a significant aspect

of one’s environment (see Figure 3B), mutuality implies not only the intertwined

perception—action processes that occur in an animal’s interaction with a non-

animate environment, but also the mutuality of one person’s perceptions and ac-

tions with another person’s perceptions and actions. (At the most basic level of
sociality, mutuality translates to mere formation of a temporary unit of social inter-
ACl10n: L**""I-\.i“l-trk'hi action. At a more L‘I]“lk"“hk’ul IL"\'L.'I HI. “t"Ll.i[]i\. ‘lit..}'l d Unicy
would involve cooperation—reciprocal influence between individuals that also in-
volves outcome dependency.) A second implication of the term mutuality is that
the collective illustrated in Figure 3B is a “coordinative structure”! that is not
merely the sum of the individuals. A collective is mutually linked with the environ-
ment, forming a social niche, as Figure 3C illustrates.

A second crucial quality of perception—action systems is that they are dynamic
(Figure 3B). A social perception—action perspective would be considered dynamic

1

not onlv because it describes chaneges over time. but also because the described

changes are consistent with natural law and principles of selt-organization.
Whereas a traditional approach to explaining change only looks at the correlation
between variables over time, an approach that builds on the current knowledge ot
LH!H]‘IL'\' JHI.!IHI& al systems llL*k_'Li* (O xit.'*t.l'll‘t how l'g]‘mrta *I'.i] 1!1”11{;11&_ - TF"L‘TU. CCll

L

individuals “balance” and tend toward equilibrium states (Boker & Rotondo,

2003; Kugler, Kelso, & Turvey, 1980). From this view, a collective is selt-organized.
it is not “directed” in some way by ‘ﬂ‘rl]lL'[lllIl‘;_f OT SOMCOINC, but the }“.l"‘ik ‘HHL'“HL‘UI-
the social world is viewed as an extension of the stratified structure of the natural
world in which atomistic units interact at a more microscopic scale to produce co-
operative states at a more macroscopic scale (Iberall, 1987; Kelso, 1995; Kugler &
lurvey, 1987; Soodak & Iberall, 1987). A “social physics” view on dynamics, for in-
stance (Iberall, 1987; Iberall & Soodak, 1987; Iberall & Wilkinson, 1993), suggests
that a basic social unit emerges in response to natural attractive forces among
atomisms (i.e., individuals) that pull them toward each other temporarily (i.e., a
brief social exchange, perhaps) or in a more lasting fashion (i.e., formation of a rela-

| _
tionship, perhaps). In addition, pressures from the environment (i.e., the need to

: o
WFCONtIrog iutera

A UnNnirary runcnh

'.-fi].l'n WIth S
- II‘- ’ i ] T ¥ Ir r
|-I-"\ 1I| - 1114
v —_— | |
A 11‘*-'1“-;\-1[‘*7!1(1 ]
Lij'“TT.'r\.."L"I 1IN PAatierned ways across a rang J | \L'ltbk”-'\ > | 1uUnd

1

|98.2), so are the actions of a soccer team distributed (Jordet, 2005), the movements of termit
t- 5 : I 1 \ \ y; ! | 5 \

a nest distributed (Kugler & lurvey, 1987; Resnick, 1994)

crew distributed (Hutchins, 1995). What patterns and tu

(Fitch, luller, & Turvey, 1982) is presumably information
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complete some goal) provides the increase in energy that allows patterned move-
ment to emerge (the “social eddy” of an interaction) out of previous random move-
ment of individuals moving in disconnect from one another, much as heating a pan
of oil leads to patterned flow of convection (convection rolls in the Bénard instabil-
ity; Anderson & Stein, 1987).

I'he tinal quality of perception—action systems is that they involve embodied
PIOCCSSCS Of meaning. 'I_h;l! 1S, [hL‘ L‘u‘*lnﬂlt,xll nppnmuh (O }“'L‘I'EL‘I\"H]}_‘[ ;md ;ittin}_!
uses external, behavioral observables rather than mentalistic psychological pro-
cesses and measurement of internal representations to explain how mind exists in
nature. Applied to the challenge of how one should conceptualize an emergent col-
lective and describe social niches, embodiment means that a perspective will not
rely merely on internal properties of social systems such as thoughts, feelings, atti-
tudes, and belief structures to explain a social unit. Rather, following Gibson (1979
1986) and his concept of atfordance, one needs to acknowledge that meaning is in
the world—in the relations between the person and the environment and between
an individual and other people. A perspective will be embodied to the extent to
which it examines actual behavior rather than measuring and describing internal
properties solely. We believe the task is, ultimately, to explain real interaction
among embodied selves, and not only the interactions between two cognitive sys-
tems (or interactions within a cognitive system). Rather, a social perception—-action
perspective that is embodied will ideally explain the dynamic interaction of indi-
viduals as well.-

The prototypic example of the social phenomena of interest to us is illustrated

in an example provided by Asch (1952) over 50 years ago when he wrote about two

l"t VS TTHON itlt_f dan ulur_‘h IL_-:

The bovs are titting their actions to each other and to the object and are involved in a
oive-and-take requiring considerable sensitiveness. The two do not apply force in
succession, or in opposite directions; they bring a common force to bear simulta-
neously. If one moves somewhat faster or swerves slightly, the other adapts his move-
ment correspondingly. There is an immediate, direct communication between them
through the object. The amount of movement, timing, pace, and direction are regu-
lated and continuously checked by the corresponding action of the partner. Here is a

unity of action that embraces the participants and the common object. The pertor-

v embodied approaches to understanding sociality will recognize that bodily expressions of

states have particular primacy in cognitive processes such as person perception, attributions,

otions, attitudes, and social cognition (Barsalou, Niedenthal, Barbey, & Ruppert, 2003; Feldman
Barrett, Niedenthal, & Winkielman, 2005; Zajonc, 1980). Such dpPpre aches are deficient in that they
ire not grounded in ecological perception (Gibson, 1979/1986) and thus fail to understand the percep-
tion—-action cycle. Strongly embodied approaches, in contrast, will also recognize that internal proper-
ties are embodied in observable actions both individually and in regard to reciprocal changes in action.
Most important, st -HL’I\ -\'H:I‘- hill..‘x{ I PPTOAC hes will ofter NCW {‘I’IL‘IIHII]L‘I‘.J (O measure -qllulllflt“* T}LH

capture relational teatures of physical social interaction.
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| 1 1
mance is a new product, strictly unlike the sum of their separate exertions. ... Neither
| |
I‘t '\ \.\NE;H ACT 1N 1uUsl llu' sddine wav 1n II]L‘ il“‘w'lla e Of the « ﬁT]'u;I'; 1’\]].17 L'.h.,!l contriputes

s a function of his relation to the other in the task. (pp. 173-174)

We regard this example as a case that represents fundamental issues that social
psychology should be able to explain. Other examples abound in relatively uncon-
strained, simple dyadic actions such as “taking a walk together” (M. Gilbert, 1996)
or in highly polished and complicated acts of multiple-person coordination such as

1 ]‘1.1\111*__' d PIt ﬁIL‘HIHH..lI SOCCCT ganc l_]UI'LlH. ZUU)D). \“ C\.iIn]‘IL'* |1,1\ L' IhL' ea-

YL
Cures in common that we u[t.‘\t_l"il"t_'xi I"‘I'L*I'lm"llxl‘\.. In k'.ik}l, the perceputions and ac-
tions of individuals jointly influence each other and there is an “embodiment” of
social influence and a grounding of these individuals within an environment that
entails joint action. Moreover, each of these examples recognizes the intrinsic
uniqueness of the social unit that emerges out of such joint perception-action in-
fluence. A coordinative structure at a new level of analysis (i.e., the social scale) is
created from interacting components (i.e., people). In Asch’s example a simple
physical action such as two people lifting a log captures the essence of the emergent
social unit as the creation of a new product, a “unity of action” understood at the
level of the animal-animal—-environment relation. Another aspect of these exam-
ples is that they all illustrate in some sense a simultaneous, joint commitment of in-
dividuals as a body to cooperate. For example, even in an antagonistic or competi-
tive exchange such as competing against another team, one social unit (team) is
necessarily pulled to coordinate with the other in the goal to compete. The philos-
opher Margaret Gilbert (1996, 2000) argued that the nature of sociality requires
that “individual wills are bound simultaneously and interdependently” (1996, p. 185)
to commit to be a plural subject in the course of joint goal-directed activities such
as moving a log or even walking together. Gilbert explains that

_—

if a goal has a plural subject, each of a number of persons (two or more) ha

1

*"”L'IL'._i i,ga H.IH O iL i }"‘!N O d PO "I O 'ﬂl”* F!; (L 1S 'L*L ITL»..i. 1S ONe, 1O that

| hus what is achieved is a binding together ot a set of individual wills so as t

tute 4 ~~EI]Lf]L. 2 "!iif.i] EKIHH x{k'\lh. !Hxl 1O A DArt !;; |1
I E

In addition, our paradigmatic examples involve dynamic social actions. Rather
than a static, discrete series of decisions to cox pPerate, they I'L'I]L'k! a continuous flow
of adjustments in the actions of one individual in response to perceiving the actions
of the other and the flow of information from the individual's own movement.

In this article, we use the criteria detailed previously to evaluate the approaches
to joint perception—action influence in social interaction. Our conclusion that
these PETSPeClIves ofter the only serious contending t.'\[“‘“'dll.iflﬂ ns of JOINT PCTCCP-
tion and action, in contrast to current social cognitive approaches, is not a novel
suggestion (McArthur & Baron, 1983; Valentu & Good, 1991; Valenti &

. o
hlt‘”l'L”_lt.'ll. :k. Cl ). ll] i"lll'l we offer 1n ll]l‘* LiI‘[lLlL' 14 H[‘J.IIL‘ Ol IllL‘ current state ol
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knowledge in addressing such problems. One conclusion that can be drawn in the
|5 years since the last review of such issues in this journal (Valenti & Good, 1991)
is, on the one hand, that insufficient advances have been made overall, but on the
other hand, that the start of the most promising directions of current research
made its first appearance at about that time (e.g., Schmidt et al., 1990).

INDIVIDUAL-LEVEL APPROACH

The individual-level approach, the first attempt to apply Gibson’s (1979/1986)

theory of ecological perception to social psychology, was a dramatic improvement

over previous social psychological research in that it investigated embodied mean-
ing using the concept of social affordance. When an ecological approach was first
introduced in social psychological theorizing (Baron, 1980, 1981; McArthur &
Baron, 1983; Newtson, 1980), one particular area of promise was in the possibility
that individual dispositions might be directly perceived in interaction with others.
The suggestion was that an individual’s psychological attributes (e.g., personality
traits) could be conceptualized as atfordances—attributes or properties of an indi-
vidual with implications for good or ill (e.g., helptulness or hostility)—and could be
perceived by an observer directly from embodied information without requiring in-
terential processes. This application of an ecological perspective emphasized pick-
up or information relevant to action, with little focus on the action *hJL‘t\fIl1L‘[“UI*
ception—action cycle. In contrast, research that has examined action effects, for
example, how individuals mimic or synchronize with another’s movements, was
ouided solely by the descriptive orientation of nonverbal communication research-
CIrs O i‘\ II'!C coeniave L'I]l}“'l,hh OF SOC i.il 1‘\\"«_'|hl|t‘1u1*~[*~. 5[1(11 rL‘NL'.lrL']] iﬂl]ﬂl’ta In-
formation pickup and the mutuality of perception and action.

Thus, as Figure 1 indicates, one focus of the individual-level approach is on an

individual’s pickup of information about another individual’s qualities. Mutuality
of an individual’s perception and action is not apparent in research based in this
perspective; instead, social perception and social action are studied independently.

Moreover, the focus is on the individual and thus rarely speaks to the emergence of

a collective. This is not surprising because the goals of the researchers were not

framed with that problem in mind. Nevertheless, considerable knowledge about
the direct perception of others and the eftects of one individual’s actions on an-
other come from this first perspective and inform us about issues relevant to under-
standing social units as a basic perception—action system. Therefore we review

Lﬂlkll Ol T'lU\L"ifLﬂi“t‘t FC\LHtrL]] 11 TI]C SCCLIONS hilh\iklllu.

Social Perception

For the individual-level approach to speak to the emergence of a social unit, the

challenge is determining what information specifies another individual’s willing-
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ness or intention to cneagve In a L‘tu_lpcr;l(:\'v L‘XLILIHLIL' (CIthL‘r tmnpur;ml\'. (O €n-
gage with another in a brief joint task; or more stably, to form a relationship). For

example, how would the individual-level perspective approach the pickup of infor-

mation between two basketball players moving a ball downcourt! Information
(Gibson. 1979/1986) refers to structured distribution of energy that is lawfully re-

lated to aspects of an individual and is specific to that source of information. In the

fast-paced action of a team sport (Jordet, 2004), a player is presumably more likely
to determine that a teammate has readiness and willingness to receive a pass if the
Informanon “*Pk'hl“k"‘ Illlii T]]L‘ Tr.l_]t‘t;[t!l"\' o Ii‘zc (cammate appears to not 1[“‘(: nl‘*-—
structed by the time a pass would arrive, and the trajectory of passing is outside of
an opposing member’s likely trajectory should the pass be initiated. Thus, the rich-
est information relevant to emergence of a social unit will likely involve dynamic
change in another’s movement, as occurs when interacting with them. The validity
of our speculations in the previous several sentences is unclear, however, because
the focus of research in this area is relatively unchanged in 15 vears (Valenti &
Good, 1991). As Valenti and Good noted about research to date in 1989, research
is generally about social perception of specific person attributes and not about the
uncovering of information within social interaction.

One advance in 15 years, however, is in perception of affordances for others.
Some recent research examines whether perceivers detect the animal-environ-
ment relations for another actor in the same way that they do for themselves. Re-
SCAT( h SULZZECSES that att rdances (action }H'?*«*«Il‘lil[ 1€S) 10T « *I}'IL*I'?*- AlC JL‘IL'LLil“‘lL‘ -—TUI’
example, whether a surface is sittable (Stoffregen, Gorday, Sheng, & Flynn, 1999)
or whether an object is reachable (Ramenzoni, Riley, Davis, & Snvder, 2005; P
Rochat, 1995). However, sensitivity to detecting atfordances for others is more
readily perturbed by situational variables (Ramenzoni et al., 2005) than is sensitiv-
Ity 1o ;it'[L'L:Ht‘; ftordances tor oneself. For accurate detection of atfordances tor
l"[iiL"[“‘, PIrCsSCrving relational features l“L‘H\'{'L'IT 111110 il ‘IIIL{ cnvironment in I}'IL‘ xll‘*'
play of information (e.g., showing both environmental features and the animal
within the same display) is particularly crucial (Stoffregen et al., 1999).

In contrast, person perception research examines how perceivers pick up infor-
mation about the other person, which presumably implies social fit rather than fit
of their attributes to the physical world. Such research, for example, demonstrates
strong social consensus in the perception of extroversion (Kenny, 1994; Kenny,
Horner, Kashy, & Chu, 1992; Levesque & Kenny, 1993) and indicates that such
judgments relate to physical features that are plausibly linked to extroversion
(Borkenau & Liebler, 1992). For example, judgments of extroversion are associated
with an actor’s frequency of smiling, loudness of voice, and dynamic and rapid body
movements (Borkenau & Liebler, 1992, 1995; Kenny et al., 1992) as well as head
nods and gestures (Giftord, 1994). Evidence also supports the possibility of direct
perception of some traits. Namely, perceptions of traits such as extroversion can
occur rapidly with minimal cognitive resources and no significant social interac-
tion (Ambady, Hallahan, & Rosenthal, 1995: Ambady & Rosenthal, 1992, 1993:
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D. T. Gilbert & Krull, 1988; Kenny, 1994; Kenny et al., 1992; Levesque & Kenny,
1993; MclLeod & Rosenthal, 1983). Making rather immediate assessments without
analytic, cognitive processes indicates that perception is not mediated by
[h(1Ll}.31'lf’iﬂ[l.‘ﬁ?~1\'t.‘ ProcCesses, but of course it cannot rule out that perception 1s me-
diated by automatically evoked cognitive heuristics. Additional suggestive evi-
dence indicates that there is surprisingly little variability in skill at “reading” other

¥

people (Buck, 1988); perhaps some social “invariants” exist that are detectable by
all, much as physical invariants of objects (e.g., an object’s unchanging form), from
an ecological perspective, are available for pickup by all members of a species. In
general, direct pickup of information is most plausible for traits that are highly rela-
tional, such as extroversion, power, and dominance (Dovidio, Brown, Heltman, &
Ellyson, 1988; Dovidio & Ellyson, 1982; Ellyson, Dovidio, Corson, & Vinicur,
1980; Exline, Ellyson, & Long, 1975), or ones essential to species survival, such as
sexual availability (Gangestad, Simpson, DiGeronimo, & Biek, 1992). However,
even for attributes that research suggests are the most promising candidates for di-
rect perception (e.g., extroversion), it is impossible to verity that the features
picked up are equivalent to the features that are in fact regulating behavior.

In contrast, research does indicate that faciai features that specity aging are
picked up by perceivers. Because gravity is a universal and dynamic constraint that
operates on growing organisms, it creates a cardiodial strain transtormation for
craniofacial features such that aging is veridically specified by individuals who see
faces that have been transformed (Mark et al., 1988). Adult taces that show the
east cardiodial strain (prominent forehead, diminutive tace relative to cranium,

L3

arge, low-set eyes) are perceived as “babytaced,” which Zebrowitz and her col-

leagues have shown has important consequences for perceivers’ judgments of inno-
cence and honesty (Berry & McArthur, 1988; Zebrowitz, Tenenbaum, &
Goldstein, 1991). Moreover other research on facial attributes indicates that facial
attributes that are associated with physical attractiveness are correlated with per-
ceived health and intelligence (Kalick, Zebrowitz, Langlois, & Johnson, 1998;
RI'IHJL‘\ Cl iI :CCI, ZL'I‘-H WILZ, Hl“ .‘\htl']“‘hL & Rhtkitﬁa, .}.COE\.

Using the individual-level approach to examine how a cooperative social unit
emerges would require a technique that captures dynamic information rather than

HH]‘IP]L‘ static reatures, however. T his has been achieved using _luhtmhhnl‘l‘a (l“)?n

point light technigque, which involves filming individuals in motion such that only

reflective points at the individual’s joints are visible, obscuring surface features that
convey identity and gender (hair style, facial features, attire). Participants’ percep-
tions of these point-light videos have been used to demonstrate the principle of ki-
nematic specification of dynamics (KSD; Runeson & Frykholm, 1983), which states
that the kinematics of movement style veridically specify the lawful constraints
that determine attributes that a perceiver picks up. Such attributes include gender
and identity of a walker, and activities such as dancing and moving heavy versus
light objects (Baron & Misovich, 1993a; Berry & Misovich, 1994; Cutting &
Kozlowski, 1977; Johansson, 1977; Richardson & Johnston, 2005; Runeson &
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r L]

Frvkholm. 1983: Shiffrar Lichtev. & Chatteriee. 1997: Stevenage, Nixon, &
Vince. 1999). The KSD research that is most relevant to understanding the emer-
sence of a collective looks at relational attributes conveved in an individual’s

movement. For example, kinematic features of female walkers lead them to vary in
how “muggable” they appear (Gunns, Johnston, & Hudson, 2002; Johnston, Hud-
son, Richardson, Gunns, & Garner, 2004). Being perceived as muggable presum-
ably makes one more vulnerable to being pulled into the orbit of another, albeit an

unwanted, predatory interaction rather than a voluntary, positive one.

Although KSD studies cannot eliminate the possibility that judgments of

| i |
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though some of the research is kinematic in that it looks at variables changing «

time (KSD research, perceptions of aging research), it does not draw from more
general principles derived from modern dynamical systems theory (e.g., Turvey,
I‘)kiﬁw‘. l]]k' STronygest |1!Iil[.ifh n Ol l]ik‘lllkllhExi'!»{-.illIk‘rxﬂlt_L' 1 PProac E}?t INnforma-
Th‘HLWkLHrkthECKELI*Ih!TlIJIW*IHWIIH-JKQIHIHMJhT\,llh'ﬂﬂhﬂﬂt?uanﬂ.lwﬂf
cial unity of action is typically not examined, for instance. One considerable chal
lenge, however, is that information in such a situation would be “subject to

constant transformation” (Valenti & Good, 1991, p. 83) because of the circular




PERCEIVING AND ACTING WITH OTHERS 13

causality involved, with the information emitted abour one individual changing as
he or she responds to the information emitted from the other person, and vice
versa. Individual-level research, however, has not had to address this problem be-
cause it focuses on the individual’s relatively passive perceptions of specific attrib-
utes rather than mutuality of an individual’s perceptions and actions with informa-
tion uncovered through exploration (e.g., social interaction). We detail research

on the effects of others on social action (e.g., mimicry) in the subsequent section.

Social Action

Researchers concerned with action influences investigate more inherently rela-
tional phenomena such as mirroring, mimicry, and interactional synchrony; such re-
search, however, is not motivated by an ecological perspective. As Figure 1 indicates,
in the individual-level perspective the eftects of one individual’s actions on another
are studied without reference to the information pickup processes integral to these.

Research shows that perceiving another’s mannerisms or gestures can lead a

perceiver to mimic the behavior unconsciously (Bargh, Chen, & Burrows, 1996;
Chartrand & Bargh, 1999; Dijksterhuis & Bargh, 2001; Johnston, 2002; Kawakami,
Young, & Dovidio, 2002: Sanchez Burks, 2002: Wheeler & Petty, 2001). Young ba-
bies tend to imitate the facial expressions of caregivers (Anistield, 1979; Field,
Woodson., Greenberg, & Cohen, 1982: Meltzoft & Moore, 1989, 1997). Similarly,
adults imitate the facial movements or expressions of others, including yawning
(Provine, 1986), pain (Bavelas, 1986; Bavelas, Black, Lemery, & Mullett, 1987),
sadness (Bavelas, 1986; Bavelas et al., 1987; Strack, Martin, & Stepper, 1988), smil-
ing, and frowning (McHugo, Lanzetta, Sullivan, Masters, & Englis, 1985).
Chartrand and Bargh (1999) found that interacting individuals mimicked even
more salient types of gestures such as nose rubbing and foot shaking. In addition, by

having confederates mimic the body posture of participants, Chartrand and Bargh

tound that mimicry leads to increased liking of an interaction partner (for reviews of

TatTay.

this research, see Chartrand & Jefferis, 2003; Dijksterhuis & Bargh, 2001). Research
has also demonstrated temporally coordinated similarity in movement, posture, and
oesture (i.e.. “interactional synchronv”™), in which individuals who are interacting
show a higher degree of synchrony than noninteracting individuals (Bernieri, 1988;
Bernieri, Reznick, & Rosenthal, 1988; Condon & Ogston, 1967; Kendon, 1970;
LaFrance, 1979, 1982: LaFrance & Ickes, 1981). Synchrony has been associated
with rapport and liking as well as healthy relationships (Bernieri & Rosenthal, 1991;
Charney, 1966; Chartrand & Bargh, 1999; Julien, Brault, Chartrand, & Begin, 2000;

LaFrance. 1982: LaFrance & Broadbent. 1976: Lakin & Chartrand, 2003).

Critique of Individual-Level Approaches

Although the underlying assumption of the individual-level approach is concerned

with how one individual’s behavior affects another, it inherently views each indi-
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vidual as a discrete unit rather than analvzine the mutual relations between inter-

acting individuals. Although the language of synchrony research often emphasizes
interactional dynamics (likening temporally coordinated behavior to a “dance,” for
instance), the methods are only applied at the level of the individual—not at the

level of the relation between members of the social unit. For instance, mimicry is

explained as priming a cognitive representation tor the action that then leads to
fht' [“‘k‘ﬂ.k‘l‘* cremitringe *II‘I]II.tI' i“L'll.l\']HI' 111 1T LG ‘1 T}]y SAINC WAy das dih action ¢dl ]“’L'
primed by cognitive means (e.g., an unaware participant walking more sl
in “elderly” stereotype is activated, Bargh et al., 1996). T'his approach
effective in explaining coordinated actions, despite researchers’ sug;

N 4 \ 1 1 y 3 ' 1
should (Dijksterhuis & Bargh, 2001). How two or more people tightly coordinate
Illk'll' MOVEMCIts TL‘IH[“!*I !H‘-. \‘\thll | SOCCEeTr vamnce, or KK}EIIL' W |I|\II'1L_Z ) kiEII'IH'-__'

| i 1 l
moving an object together is poorly described by such perspectives, in part because

the notion of self-organization of coordinated action is not a part ol

tional explanation of physically cooperative movement. Thus, such

rCquires unien t}“‘la' 1\*!1]11.{“‘[1-..‘31*~ .i.}‘t'lll tCmport 'H T]ll”ll'«.i’\“li_: ?}u'

previous motions, namely, being able to simultaneously project the others’ move-

Ments 1in anme tomae one s own I“n u’\ svnchronize or co ur\_h!t_m- ![‘L'-Iw;*li_i[vn.

Despite many important exceptions (e.g., Berry, Misovich, Kean, & Baron,

1992; Zebrowitz, 1997), some researchers examining perceptual processes similarly
1 .
L'Hl[‘l'l.iﬂl:t mediating ft.';‘f_k"t'f”._ill*"H‘ll PTOCCSSCS 1O k'\.}'] 111 SOC] !I interaction. l )¢

spite its limitations (Zebrowitz & Collins, 1997), a Brunswikian lens analysis is typi
cally used to examine how individuals pick up and interpret clues regarding an-

other person’s attributes (Gifford, 1994). Nonverbal communication researchers

i f ! 1
similarly emphasize the separateness of two individuals, viewing the interaction as

. B |

. . “ - — aall 2 . . - : J I
1 PTOCCSS Of One PCTSON  SChding dan cmouona mec |1UC didd LHhice Ootnel individu t}

“receiving’ it. Such a perspective, in which each isolated unit tries t
other person and decipher the emissions of another, does
which the act of communication is the message, tl
tion of communication (e.g., Clark, 1996).

Not only does the individual-level approach explain relational
decomposing a social unit into two or more discrete elements, bu
proaches the perception and action of two or more interacting individuals with
similar fractionation. With the exception of research on the direct perception of re
lational processes (e.g., Kean, 2000; Van Acker & Valenti, 1989), research examin-
Ing person perception processes—the pickup of information about another’s physi-
cal, social, and dispositional attributes—is isolated from research that
influence of another’s physical movement on one’s own (e.g., mimicry). In ge
the individual-level perspective does not use mutuality in explaining internal prop-
erties (person perception) or external properties (etfects of action—e.g., mimicry
research). Moreover, although some of the research involves the pickup of infor-

mation over time (e.g., point-light studies of action), this approach does not ad-

dress general principles of dynamical systems to explain how social interaction is
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structured. On the other hand, the individual-level approach was a dramatic im-
provement over previous social psychological research in that it investigated em-

bodied meaning using the concept of social affordance.

COGNITIVE DYNAMICS APPROACH

i l’IL‘ ‘w‘u*lhl way I!l.il SOINEC TeSCAarc llL‘I"‘* 11 S H_i;ll Ph\'(l’h"lﬂﬂ‘»' |1;1\'L' ;!T[L‘ﬂll"lt‘xi o Jf;l'
matically break tradition with the current top-down, representation-driven social
cogniaive PCTSPCCUIVE 1S TO USse Illt* l.ll:'_jll.i*_ﬁt HE. kl\rllu”]}ik.ll svstems 1o LiL‘H(I'”"L‘ ‘Ilhi
simulate social psychological processes (Arrow, McGrath, & Berdahl, 2000; Baron
et al., 1994; Nowak & Vallacher, 1998; Vallacher & Nowak, 1994; Vallacher, Read,
& Nowak, 2002). In contrast to the individual-level perspective, this approach
looks at dynamic interactions of variables and examines emergent mutuality of a
social unit as unfolding over time rather than focusing on individual-level pro-
cesses. Although this approach abandons the strong assumption of representa-
tion-driven processes, it acknowledges that many social cognitive processes in-
volve selt-organizing mental dynamics evoked in response to one'’s social
environment. Much of this research involves computer simulations (Vallacher et
al., 2002), which reveal the untolding of system-level phenomena over long time
spans and how social structure emerges rrom self-organizing dynamics—a process
difficult to examine using more traditional measurement techniques. As Figure 3
indicates, however, the emphasis is on describing the dynamics of one’s mental pro-
cesses, not the dynamics involved with perception—-action processes between two
or more individuals.

Whereas the individual-level approach to cooperation was mute on the nature
of the CMergence, ds \ ell as on the time-scaled PrOCCSSECS central to L'Ht*}”‘k’l'f_lll"x't' dC-
tivity, this second perspective approaches the problem of cooperation by describing
its emergence as a dynamical system. In particular, this approach describes how ini-
tial conditions (e.g., payoft matrix, individual level of commitment to a relation-
ship) and external constraints (e.g., amount of situational pressure) lead to the
cmergence or a k]ll._illl.ill\'k']\' Nnew state (e.y., U*HPL'I'.IIIHI'I) out ot ]L"‘*‘* HI'LLIHI"_”L'J
iInteraction.

[0 date, these approaches have been restricted primarily to modeling social
cognitive, affective, and attitudinal processes that are self-organized over time
through interactions among more microlevel elements. Thus this approach focuses
primarily on internal (mental) properties rather than external properties of social,

dynamic systems. More specifically, researchers adopting this approach identity

how the properties of complex dynamical systems (Kelso, 1995; Turvey, 1990) such

as sensitivity to initial conditions, phase transitions, bifurcations, critical slowing
down, critical fluctuations, hysteresis, time dependence, and nonlinear equations
Ldll I“L‘ ll*ml O k.'l‘l'.ir-it.ltl'l:t_‘ [I]r PSSV Ih *It J 34 (8 *tl PTOCCSSCS I}HI OCCUul Jurmu LN rpcr;r

rive interacuaon.




16 MARSH. RICHARDSON., BARON, SCHMID1

['he importance of this approach is that it demonstrates how “organized pat-

terns of social thinking can emerge without the need for a higher-level cognitive
mechanism” (Vallacher et al., 2002, p. 267). Computer simulations using cellular
automata and neural networks to describe dynamic patterns have simulated a vari-

1 1
ety Ol thlhﬂlh?LL hlL*WH}WHLT ﬂ?HHLthﬂh.uaITwHiIl”t*.ﬂk‘Ph?QPH1HWLt bdﬁfd
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TlUH*ltH:utnhiiutllwﬂIt'HJ\L‘PH\Hl\Cutﬂﬂkﬂﬂ='THtﬁJIHl'LUH{CHT‘wlhibllﬂily*

peatedly through a number of sequences examining the untolding dynamics and

resulting structure over time. For example, one cell might represent an individual

with a particular opinion. This individual's opinion is hypothesized to be more

]
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nity) than by distant cells or neighbors. Thus the total number of cells of individu
s who come to hold the same opinion, as well as the initial weights (opinion val
ues) and distribution of who has those opinions, has an eftect on the final stable
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tion and pockets of minority opinions emerge (Latané & Bourgeois, 200 ] tané
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& Nowak, 1994: Nowak, Szamrej, & Latané, 1990; Vallacher & Nowak, 1997).
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cesses might be described by dynamical and ecological approaches (Baron &
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used to model how external pressure operating against a relationshi

scribe the course of romantic relationships, leading to substantial leaps
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dicted dynamical characteristics such as hysteresis were tested in experiment
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With respect to the emergence of a cooperative social unity of act

LIV a.!\l] LIILICS .I[‘[“‘I'l YAl ]l Il.i* I“’\'L'II ll\k'\l (O examine cCis L”I“L'['.ITI' n 1N came theo

1 | ‘ 1
Tx~k~.hlhlhtéfiwhx |?thH\t‘¥H1Hﬂgh1Hﬂst?"!i’_ﬂ:hW-JtytTth~H‘dfiH CHoiee

each individual makes. Dilemmas arise trom the contlict between what is the best
personal outcome for an individual versus the best joint outcome and also from the
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vidual's choice will be (Axelrod, Riolo, & Cohen, 2002). Computer simulations
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well as their probability of cooperating contingent on their partner’s previous
| . After each lated -plays with four others, actors adjust their strate

Choilce. Alter each simulated JtIN[[ AVS WIith I« LI-HtuIN‘JkENI*JLlnhtIMLtihHLHL~

gies to imitate the most successful strategy of its four neighbors. Using such a simu-

]

lation, Axelrod et al. examined cooperation in systems with a correlated struc-

ture—much like a geographical neighborhood with overlapping influences in who
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influences whom (because neighbors of oneself are also neighbors to each other).
Tht:‘_s‘ discovered that I‘L‘_ﬂdn“t)aa of whether the system has a correlated structure or
a random structure (nonoverlapping interactions, where one’s neighbors’ neigh-
bors are not one’s own neighbors), cooperation spontaneously emerges. If, how-
ever, the random structure is reshuftled at periodic intervals so that there is no his-
of the

¥

torical consistency as to who an individual interacts with, no “learning’
advantage of cooperation occurs. In sum, such approaches richly describe how
group- or community-level cooperative processes unfold over time and examine
mutuality in terms of interdependent outcomes—but not in terms of an emergent
collective that has its own reality apart from the individual members. Moreover,
the processes studied are wholly unembodied. (By embodiment we mean, as
discussed earlier, that actual movement is involved rather than only internal
["THL'L‘“LW.)

Another example demonstrates the usefulness of a dynamic approach for de-
scribing emergence and change in dyadic-level cooperative exchanges (e.g., inti-
mate relationships; Baron et al., 1994). From their perspective, close relationships
can be described as emerging from a pull toward engaging in cooperative behavior
(a magnet effect) in competition with a pull toward maintaining one’s own behav-
jor (a maintenance tendency). Baron et al. (1994) used theorizing about close rela-
tionships (Levinger, 1980) and group socialization (Moreland & Levine, 1982) as a
basis for illustrating how psychological tactors (attective intensity, stress, perceived
contribution of group to one’s satistaction of needs) can serve as “control” parame-
ters that serve to trigger qualitative shifts in relationships—for example, from a sta-
ble relationship to one that deteriorates and ends. Shifts in group socialization are
affected by similar shifts, for instance, from being a prospective member to a full
member or ex-member of a group. The underlying variable that summarizes degree
of organization or order in a relationship or group (i.e., the “order parameter”) is
described as degree of commitment to the group or degree of exclusivity of the rela-
tionship (Baron et al., 1994). Other notable qualities of dynamical systems are also
illustrated by examination of cooperative relationships. Baron et al. discuss the
asymmetry in an evolving relationship such that changes in one direction (e.g.,
from intimacy to relationship dissolution) are not reversible—a situation in which
the history or past trajectory affects subsequent possibilities (i.e., “hysteresis”). Co-
operative relationships can progress from committed to dissolved, but ended rela-
tionships rarely traverse the same developmental path backward from dissolved to
committed—or at least, such reversal requires substantially different levels of the
L‘nmrn] PArametcr. .\lnr::m'a:r. rescarc ll SUpports Ih.l[ JL‘\‘L‘I{‘-PH]L’ l'HIL*?* In a group,
and developing intimate relationships, do not reflect gradual, linear shifts but are
better described as dramatic reorganizations in degree of commitment and roles
(phase transitions), occurring at critical values in the control parameters (Baron et
al.. 1994).

In general, however, one can argue that the cognitive dynamics approach either

simply redescribes social psychological concepts using the language of nonlinear




18 MARSH. RICHARDSON, BARON, SCHMID1

dynamics (Arrow et al., 2000) or runs computer simulations to examine whether
certain mathematical models, input values, and rules result in predicted dynamic
patterns. In addition, the majority of experimental research conducted by re-
searchers adopting this approach has employed a narrow range of methodologies
for collecting data. For instance, Nowak and Vallacher (1998) have extensively
used an experimental procedure that assesses the intrinsic dynamics of social judg-
ment. They use a continuous measure of the distance an individual moves a com-
puter mouse over ume (e.g., !‘L‘IRH&)UI] % ~\Illl”'i that [CPICSCILs ~L¢r tllkix nic I!IWE

TU[“{UHL11T~ I”"lfl\L'lL\'hI!:“), AS KktWI AS \.1r111:au"“1‘MLA1..ilnl.iLx eleranon of move-
ment. l]tl~llh‘lnlln‘}1,iH Hnrl}‘wtﬂlllhvulTa*L”\JILiTH'k-*-j‘rIJIi\k‘tkfllﬂ;'*[Tiif CITICT -

1

gence of a collective but has focused on describing dynamics of internal psycholog-
ical states. However, researchers have hypothesized about the dynamics of
individuals’ behavior over time. lts invariant features, the researchers report, are
hypothesized to be described by one of three basic forms. Some behavioral patterns
are hypothesized to reflect a fixed-point attractor—attempts to converge on a sin-
r state of affairs; whereas others should display periodicity—tluctuating,
for instance, between two extremes (e.g., attraction versus repulsion); whereas still
other fluctuations in behavior will presumably appear unpredictable and chaotic
(Nowak & Vallacher, 1998).
1 he primary emphasis of this approach is to demonstrate that social cognitive

r

¥ 1 1 1 [
i‘}hfhn'ﬂlkﬂlt Are dvnamic and *tif'i'f!.H:]Qru:. NOWINEY charactrerisric patrerns ol
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the data. T his perspective ofters substantial advances over heavily representational

Hi*hit[~ O SOK LI]}“\kiI-J"SIk ) PTOCCOSSCO)S,
CCSSECS Must Lk*i!TM!UT‘I u*ki.t~xlrIL1W11H1t11 by

associative network model with spreading

principle. The challenge for this approach is 1

social psychological phenomena can vield novel pi

experimentally—especially to model actual interpersonal behay

ternal psychological processes. That is, this approach remains at the

of description and has not yet yielded empirical behavioral data tfor making predic-
LIONS Tk“jiThiHIL'L‘Hlkﬂtjrisfl‘kwiJ\ 1or that occurs at the L'Lmll.u{\.hlik,' ! ~:h.J] ]

. . _— T TR T R WD S TR
level in actual interaction with others. In sum, this perspective is vigorously
tl

Ilqﬂllh_.tlhltﬁiiLii t!Willa-ﬂ .J\k VS ) Hl\"]\L“-Tiu;T LY. [W*Iajk.ﬂll}ﬁty Al 1ICOTCTIC
approaches involve mutuality in terms of individuals’ outcomes being interdepen-
JLW]T.I[~W\t\t4;TIHJTEHL.HAIIKL‘CHIENI|l%ﬂ1*~ih :T.L]HUI!LTIIL*J]E\TIKL ”1»11~ H1O1) -
equivalent to the summation of individuals’ responses. Moreover, all of
proaches described under the cognitive dynamics approach are wholly deficient in
the embodiment criteria. They look solely at mental dynamics rather than the
physical dynamics of movement in an emergent cooperative social entity.

In sum, no attempt has been made to describe the dynamics of actions such as in
our primary example of moving a log together and whether such actions show simi-

lar conformity to the dynamic principles that they use to describe cognition. It is
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difficult to see how simple cellular automata approaches (flip to state A vs. B in re-
sponse to neighbors, or choose one strategy vs. another in response to neighbors)
could L‘,\I‘*I;llll the c ordinated actions on a SPorts t€eam, because it I'L’L.illirk_"'* SOIMC-
thing more than mere mimicry of neighboring teammates’ physical state. The same
is true of our other paradigmatic examples. However, simple cellular automata ap-
proaches seem better adapted to gross movements of a group of organisms moving
as a body (e.g., a tlock of birds moving in sync in response merely to the motion of
neighboring birds). Moreover, approaches that describe cognitive dynamics in the
language of dynamical systems might similarly be used to try to describe the emer-
gent physical movements of interacting individuals. Thus, from our perspective,
the next step is to use such dynamic principles to model external qualities that in-
volve dynamics of action and perception rather than focusing on describing and
*1!1111].”11:‘-_: dynamics of HHL'I‘I]..II, disembodied ¢ NITIVE ProCesses. The most Prom-
ising emerging approaches, which may well allow this to occur, include perspectives
on multiagent systems (Macy & Willer, 2002; Walker & Wooldridge, 1995) and
methods that allow actors to engage in joint action such as simulating fighting and
dancing (e.g., by controlling “bugs” on a computer display) while simultaneously
generating information that veridically specifies the actions to perceivers (Blythe,
[odd, & Miller, 1999).

SOCIAL SYNERGY PERSPECTIVE

An alternative to the individual-level and cognitive dynamics approaches is our at-
tempt to understand and measure the influence of one person on another at the re-
lational level of a collective. Such an approach recognizes that individuals perceiv-
ing and acting together are a synergy (Rosen, 2000, p. 308), an implausibly
coherent organism that is composed of diverse individual parts. The emergent so-
cial synergy is a wholly new perception—action system that cannot be understood
merely from understanding the individuals from which the system emerged. Con-
sequently, rather than simply asking whether there is information that another in-

dividual displays that lawfully specities his or her attributes (veridically specitfies

personality traits), this approach asks the tollowing: What are the emergent prop-

erties for action that are self-organized by means of another individual or individ-
ual’s actions (both psychologically and behaviorally)? What are the physical task
constraints that bind a situation, as well as the goals (both dvadic and individual)
that can integrate a social unit? What are the aspects of the environment (the so-
cial situation—including others present) that lawtully specity the affordances for
creating a social synergy! And what kinds of situation- or context-dependent infor-
mation (social aftordances) are social agents sensitive to! In addition, rather than
just focusing attention on dyadic relations, which essentially equate a dyad to an

individual + individual, the concept and experience of “we” is also addressed

(Baron. 2002a. 2002b). A social svnergy. we argue, can never be understood from




20 MARSH. RICHARDSON. BARON, SCHMIDT

the mere summation or svnthesis of each individual's influence on the other nor
from the decomposition or analysis of “we” into its linear parts.

Asch’s (1952) example described earlier, for instance, captures the problem of

cooperation at the level of the relation between two individuals. Out of the simple

physical action of two boys carrying a log we can understand the essence of the
cmergent S cial L'HHTJIH;HI\"H. Out of two sOlo perception—action systems, a joint
perception—action system emerges. Such a synergy emerges through the internal
circular causality of each individual's impact on the other (Campbell, 1990) in
combination with the actions of the system being influenced by previous (Caporael
& Baron, 1997) and ftuture and final (Rosen, 1991, 2000) states of the system. In
other words, just as perception and action are mutually and causally coupled to be-
havioral aims at the individual level—Dby the detection of information to constrain
action and by the control of action to order perception (Kugler & lurvey, 1987;
Shaw & Kinsella Shaw, 1988)—the perception and action L‘i[‘ﬂtl“i]lfh'“ of the social
unit are mutually constrained, ordered, and dynamically coupled in the satistaction
of an emergent (dyadic) experiential (Csikszentmihalyi & Nakamura, 1999)
goal—Asch’s (1952) “mutually shared social tield.” Each individual's perception is
coupled to his or her partner’s action as it is to his or her own, and each individual’s
action alters their partner’s perception just as it alters his or her own. A social unit
Or a joint perception—action system should thus be recognized as a “new individual
with an identity ... and behaviors ... of its own” (Rosen, 2000, p. 308) in which the
relation of perceiving and acting is truly understood at the scale of the living system
(one not constrained to biologically integrated or physically connected matter),
and the perceiving and acting of those individuals within the social unit are caus-
ally entailed to form a distinct and irreducible system motivated by a mutually per-
ceived 24 al.

T'his notion that cooperation involves the emergence of a higher-level social
unit is supported by research on interpersonal contlict, social-cognitive develop
ment, and intergroup conflict. For instance, in the classic “Robber’s Cave” study,
Sherif and his colleagues (Sherif, Harvey, White, Hood, & Sherif, 1961), in an ef-
fort to understand how to overcome conflict, created conflict between two camps
of boys. The researchers were unable to find a way to overcome the induced con-
flict until the situation forced the boys to cooperate, when a truck got “acciden-
tally” stuck and required the efforts of both groups of boys to pull it out. Only when
the situational constraints required that they become a higher-level acting unit did

cooperation occur. Another illustration comes out of understanding an embodied

cognitive account of how children develop skills overcoming perseverative reach-
ing for hidden but moved objects (Thelen, Schoener, Scheier, & Smith, 2001).
Valenti and Stoffregen (2001) suggested that the skill development does not neces-
sarily require embodiment in an individual’s neural system, but that the behavion
that is learned could be based in the information dynamics occurring in a par-

ent—child system of coordination. A third example is of Aronson’s “jigsaw class-

room” manipulation for removing interpersonal and achievement barriers between




PERCEIVING AND ACTING WITH OTHERS 21

children of different ethnicities, which creates a situation in which producing a fi-
nal project is impossible without the contribution of individuals who have un-
shared pieces of information necessary for the task (Aronson, Blaney, Stephin,
Sikes, & Snapp, 1978). Such research emphasizes the need for interdependence,
essentially creating a higher-level social unit, a synergistic “we,” before cooperative
action can be observed.

An important supposition we make is that emergence of a higher-level unit, and
likewise cooperation, is self-organized out of basic physical principles and simple
motives (e.g., to remove an obstacle). From this perspective, the primary questions
regarding perceiving and acting in the presence of another become more salient:
How is the nature of “doing” changed by the presence of another person? How does
a “we” emerge out of a simple situation involving two individual “I”s? What is the
nature of that emergence—by what social aftordance information (visual, audi-
tory) and under what environmental demands (e.g., goal and task constraints) is it
selt-organized? Such issues have received some attention in analyzing formation of
large -scale units: how civilizations formed in the earth’s earlier history (Iberall &
Wilkinson, 1993). Our interest, however, is at a more modest level of formation of
social units than a civilization—how a social bond is temporarily created and then
broken in the brief-lived structure of a social interaction, as well how more stable
formation of structure (relationships) occurs over time.

An additional assumption of such social structuring is that once the individ-

ual-level interactions (local dvnamics) lead to the emergence of some collective

perception—action system, the collective emergent property exerts downward cau-

sation (Campbell, 1990) such that the behavior of the individual components that
gave rise to the collective is changed top-down (Baron, 2002a; Caporael & Baron,
1997). Thus, not only does the emergent collective have unique properties distinct
from the properties of the individuals involved, but also, individuals are in some
‘k‘ll“k'ihll.illLufki I‘\'[Iﬁt: CXPCTICTIC ¢ Ol }“a‘lllu }“llrl Of a C« Jltfk ‘1\'L'.; Sitﬁ\\'[‘t‘ﬁﬁll‘llilikf‘ flrr
an individual to act are created, and others are destroyed.

Analyzing the cooperative level requires methods and measurement that difter
from those generally used in social psychology, which has used individual-level
measures; it requires procedures and behavioral measures that are inherently rela-
tional. Newtson (1993, 1994), tor instance, developed measures for assessing the
combined amount of behavioral activity in a dyad by using measures taken on each
individual (number of joint angle changes between subsequent frames in a film of
behavior). He found that an individual’s stream of movement complexity has a pe-

riodic nature, with fluctuations in amplitude of position change that reflect a slow

mplexity as being a situation in which
ientation (sense of “17) and sense of groupness
tween individual-level and group-level behavior,

s

ne'’s individual and group identities has boundaries,
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“behavior” wave (Newtson. Hairfield, Bloomingdale, & Cutino, 1987). His theo-

rizing and primary analyses, however, are at the level of the social unit. For in-

stance, conceptualizing interaction as a coupling of behavior waves, he used de-

railed analyses of filmed sequences of interactions as well as computer simulations
to demonstrate behavioral waves (Newtson, 1993, 1994). A cooperative interac-
tion (two people moving boxes) displayed ditterent patterns ot coupled behavior
waves than did a competitive interaction (two people playing basketball; Newtson
et al., 1987). In Newtson’s view, interaction is hypothesized to be regulated by the
relative amplitude or magnitude of information flow (e.g., log of amplitude of
summed position change and vocal intensity) between pairs of participants’ behav-
ior waves (Newtson, 1998). That is, he speculated that people strive to maintain a
certain level of relative information flow in an interaction by changing posture or
changing vocal amplitude. From his perspective, nonverbal variables (amount of
movement) and paralinguistic variables (e.g., loudness of speech) are substitutable
for each other. Thus people can regulate the feeling of complexity in an interaction
(e.g., when trying to understand difticult conversational content) by decreasing
the amount of some movement—resulting also in a damping of the other’s activity
in response (Newtson, 1994). Apart from demonstrating that filmed interactions
can be analyzed and simulated in terms of behavior waves, his remaining hypothe-
ses have not been tested.

From the synergistic perspective, a social unit must emerge “lawtully” in the
sense of being self-organized by animal-animal/animal-environment interactions,
whereby social agents are, or become, attuned to information that specifies both
potentials for action and constraints on action. | he focus is thus not merely on in-
formation at an individual-level, but on information that specifies animal-animal
animal—-environment relations—social affordances—and does so without requir-
ing eftorttul, error-based, inferential processes. Thus, the methods and measures
employed must be truly dynamic, because information about emergence of a higher
social unit is likely to be carried by change over time—shifts in movement—path,
speed, changes in speed, variability, and instability by which one gets from one
state to another. In sum, this approach is dynamic and interpersonal rather than
static or focused on individual-level attributes emitted from one individual and de-
tected by another. What is not required is knowledge of an individual's inferences.
Rather, possible mechanisms are grounded on lawtul principles that generate a tlow
of information between animal-and-environment and animal-and-animal and that
lawtully constrain social behavior.

For example, when a researcher ofters a mechanism to explain the complicated
task of behaviorally coordinating one’s movement, an appeal is typically made to
I'l.'[‘['L“*L'IIIJIIl‘I'Lil PTOCCSSCOS. ”l‘urwn'mu AN ACT10N acruvates (}'u' IHL'IH.iI I'L‘I“H‘w‘lllll-
tion of this action, which in turn leads to the performance of the action”
(Dijksterhuis & Bargh, 2001, p. 8). If such an approach is taken seriously, such a
mechanism is ultimately untenable for temporal interpersonal coordination. Par-

ticipants in an interaction would have to gauge the others’ changing body positions
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In space—time, project that into the future, and then move their own limbs and
body in a similar fashion. Rather, it seems more plausible that stable macroscopic
patterns of movement between people emerge as a function of the dynamic balanc-
ing of individual (microscopic) components of the system. Kugler and Turvey
(1987) provide a relevant example of social coordination in their discussion of how
termites coordinate their behavior to construct complicated nest structures by
means of pheromone gradient fields. What is so remarkable about this kind of so-
cial behavior is that the whole nest-building process results from the termites fol-
lowing two local principles operating at the individual level: (a) move in the direc-
tion of the strongest pheromone concentration and (b) deposit building materials
at the strongest point of concentration. Essentially, the control constraints that or-
ganize the coordinated building activity emerge from the link between the low-en-
ergy pheromone field and the behavior of the individual insects. The linkage forms
a circular act—perceive—act information loop that brings about symmetry-breaking
instabilities (attractors, saddle nodes, etc), which in turn facilitates further cooper-
ative nest building. In other words, the cooperative behavior of nest building is the
result of the pheromone field on the microscopic level, which by means of a direct
information coupling results in the emergence of cooperative behavior at the
macrolevel. In essence, this is a purely dynamic and self-organizing phenomenon
with no calls to stage-based cognitive abilities.

This, then, ofters a more plausible account (than a cognitive representation ap-
proach) of how movement coordination is achieved at a social level by assuming
that the information (optical, verbal) available to people actively interacting with
their environment (including other people) directs motion by maximizing certain
meaningful patterns of information tlow (Bernstein, 1967; Gibson, 1966, 1979
1986; Kugler & Turvey, 1987; Turvey, 1990; Turvey & Carello, 1986). Thus the act
Of catc !11!‘:1_' A li” “lik' 8 HHTICLEUI I *T[‘-lt'I'E'lﬂ’! 1S a‘\H'L‘I}lL'I‘a' ONerous 1 we assume IlLH
outfielders using mental procedures must calculate the trajectory and timing of the
ball and predict its ultimate location. Alternatively, the task can be explained as
one of merely moving backward and forward so as to keep the optical expansion
and/or the optical acceleration of the ball at a steady rate (McBeath, Shatter, &
Kaiser, 1995; Michaels & Oudejans, 1992). No prediction is required as to where
the ball will land, nor must the catcher calculate the rate of movement needed to
get to the required location. Rather, a higher-order informational property of envi-
ronments acts as a constraint for achieving a goal.

In a similar way, recent research (Richardson, Marsh, & Schmidt, 2005;
Slitltl-\lk‘\‘ dSantana, X FOW ]L‘I'. 2003) *-H‘J:_'L‘*-IL1! that INICTPCTS nal coordination can
be guided by simple mechanisms that involve online animal-animal information
couplings emerging from the ongoing flow of perceptual information between in-
teracting individuals rather than based on calculations or inferences about their tu-
[ure motion. We «[‘L‘(HLIIL' [Il..ll SUC h information \\l‘lllx_i |“L' I"Hlll w[‘L'klflL' (O IhL‘ I"'L"

havioral control and coordination of individuals within the social unit as well as

the patterns of coordinated behavior of the social unit as a whole—a circular pro-
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cess of causality operating between the micro (individual) and macro levels of the

.

social perception—action system (Baron, 2002a). Correspondingly, we speculate

that other individuals, as well as the social unit as a whole, may provide frames of
reference not only for psychological states of mind (as traditional social psychologi-
cal research shows, others are a source of informational influence, Deutsch &
Gerard, 1955, providing a frame for assessing the truth of our views), but also in
terms of orienting individuals physically and perceptually in a social, physical envi-
ronment. If 5O, CeTtaln patierns Ol INLCrpersorn | 1I'|-.._l H‘*LEJI L*""I'JIILHIHH \C.L., IIM.‘
notion of being in sync) may prove to be a stable result of appropriately maximizing
the patterns of information flow required for a successful social encounter. Move

ment irom TEIL'MI!&L'!' Mma\ }“‘I" '\ hiL' a4 MOoring 1ol T:'n; I OWI Unconstr iII!L\] ~.]L"_ff’k'L“w'T
freedom, attecting the phasing of their own movements. When two or more social
\gents are put into matching frames of reference, similar ways of viewing informa-
tion in a situation (see Kugler, 2004), such as when walking together in a synchro-

NOUS Manner (a matg hing il'lL'I'TIlil [rame oOf rererence), Ii]L‘Il INnformanon specifc to

——
.

the environment and the other individual(s) can be exchanged or picked up with
minimum uncertainty. Indeed, it is hard to imagine how two people could hold a
conversation successfully with one individual walking at a different pace than the
other. Similarly, Newtson (1998) speculated that it an individual is striving to

Mmaintaln a certain HH}‘I]TLIJU Of i‘{_‘ 1AVIOT 1| VOCal ACtnivin I'L‘[ 1rive 1O anotner, svn-

chronizing of movement might make assessing relative amplitude easier

l }Ji“ .||IL'I'11.1H\ -

perspective to the local, physical (individual-level), or abstract

and macroscopic (cognitive dynamics) perspectives previously discussed takes as a
starting point what is known about the laws that govern solo perception—action
systems and uses that as a starting point to conceptualize how joint-perception—ac-
rion systems might be similar when two or more individuals are co-acting or are co-
operating. To date, little research has explored the implications of an ecological,
perception—action perspective for joint perception—action systems using this ap-
proach. However, several recent avenues of theorizing and research that we are
conducting provide an appropriate starting place for examining the similitude of
]

collective perception—action processes, and determining how the added complex-

ity of social interaction reveals novel findines.

Affordances in Social Interaction

We suggest that one important issue from a social synergistic perspective is that there
ire new possibilities for action that can be realized—attordances—that exist only in
the synergy. Research on how action possibilities are perceived, acted on, and how
they can be assessed from the relationship between animal and environment
(Carello, 1989; Fitzpatrick, Carello, Schmidt, & Corey, 1994; Hett, 1993, 2003;
Mark et al., 1997; Warren, 1984) provides an approach to understanding how the

presence of another person changes the attordance structure. Each individual brings

to a situation certain eftectivities (action capabilities), and thus when one moves
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trom solo action to having another person present, there ar: new possibilities for ac-

tion that can be realized—aftordances at the level of the new synergy. In part, this ap-

proach builds on the logic that transitions in solo actions are predicted by a
body-scaled parameter, a “pi-number” (which, like pi, is dimensionless) that reflects
a measurement of the environment taken with respect to the individual’s physical abil-
ities. For instance, for gripping objects, a pi-number that captures the relationship
between hand span and object length (Cesari & Newell, 1999; Newell, Scully,
lenenbaum, & Hardiman, 1989; van der Kamp, Savelsbergh, & Davis, 1998) could
be used with two people. To the extent to which another person extends an individ-
ual’s action capabilities (i.e., effectivities) quantitatively, allowing the individual, for
instance, to pick up larger objects, shifts in behavior from solo to joint action should
also be predicted by a similar animal-animal-environment relational variable. Thus,
just as the pi-number determines shifts between how one picks up an object individu-
lly (e.g., with one hand vs. two), so might there be a pi-number at the interaction

evel that determines a shift from solo to joint action. We find that the basis of this

pi-number is the relationship between pair’s arm spans (e.g., matched or mismatched

in height) and their arm spans relative to object length (Isenhower, Marsh, Carello,

Baron, & Richardson, 2005; Richardson, Marsh, & Baron, 2005). In this research
then., we successfully use what is known about how affordances at the solo level for
moving objects (shifts between difterent modes of lifting: one hand or two hands) are
dictated by a relational variable to predict how shifts between solo and joint action
Al C HIII!][_!I'\ Jla[.HL‘J "\. . I'L'l.il’lt ?Ii.tl \.EHJ}“‘[L'.

For the synergy of an interpersonal perception—action system, however, we be-
lieve that a social pi-number will also require an accompanying quantification of

interpersonal coupling—the degree of connectedness or degree of “teamness —to

capture a unit’s unique social effectivities. Such a quality might be analogous to the

stiffness or elasticity of a movement system, or coupling strength among systems
I’]l:_*ll eitectvities 1n reamness would mean I‘ll*_‘.ll awareness ol the other’s move-
ments, easy anticipation, and responsiveness to the other, much as teammates on a
well honed basketball team can show immediate awareness of the motions of team-
mates, and quick ability to respond to their moves. For the task of plank-lifting, de-
oree of connectedness could be based in something as simple as whether the pairs
are strangers or know each another.

For some contexts, the presence of another individual should lead not merely to
gquantitatively extending effectivities but to the emergence ot qualitatively new
possibilities for action. In addition, environmental demands and deficiency states
may increase the press for unity of action. Just as inadequacies in food sources force
chemical chanees in an individual amoeba such that it moves to become joined
with others to create a slime mold capable of finding new tood (Garfinkel, 1987;
Goodwin, 1994) and hunter—gatherers experiencing environmental pressures be-
oin to coalesce in civilizations (Iberall & Wilkinson, 1993), so are humans moti-
vated by unmet needs (€.£2., an bstacle that cannot be I'L‘IHH\'L‘J al ne) IH}‘UL‘HIHL' d

S "LI.’I] LINIL.
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[aking as a starting point a methodology for which we can make explicit and
PICCISC PFCJMTM*H* wbuui Iht nghnﬂ YVLML*H~MU‘ JHJ INCTInNsic j\LJHHL‘ )
ffordances at the individual level, we can determine how dual perception—-action

systems are similar to and differ from those of individuals. For example, recent re-
search sugeests that joint action systems can be understood in a way co

individual perception—action systems: as a function of qualities of

ment, taken with respect to both those individuals considered jointly

experimernits examining how pairs of individuals shift from solo to jo
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tists from biology, biomechanics, and psychology have argued, the basis of much of
biological movement is oscillatory. That is, movement is often periodic—as is the
case, for instance, for walking, breathing, imperceptible swaying during standing
still, beating of heart muscles, and swinging of arms in walking (Ariarathnam &
Strogatz, 2001; Haken, Kelso, & Bunz, 1985; Kelso, 1995; Kugler & Turvey, 1987:;
Mirollo & Strogatz, 1990; Rosen, 1991: Schmidt & Turvey, 1994: Strogatz & Stew-

3: lurvey, 1990; von Holst, 197 3; Wintree, 1967; Yeung & Strogatz, 1999).

Prior research leads to the suggestion that interpersonal movement coordination

art. 1YY

can be explained by the pickup of information about the overt (Goodman,
[senhower, Marsh, Schmidt, & Richardson, 2005; Richardson, Marsh, & Schmidt,

chmidt, O’ Brien, & Sysko, 1999) or subtle (Shockley et al., 2003) phasing
t others’ movements. In a sense, this information that individuals acquire may
PTOA ide a mu Orimng 1ol I|IL‘!I UOWT) iITIa-'Tl‘TI'.iHIL'\l LIL'L’_I'L‘L‘N Ol II'L‘L‘J* m, affecting ll]l.‘
["1!.1*2!':;’ Ol IIIL’H own movements. Human movement may l"k‘ |.l\‘sTll|]\ U"HHII'.HIH\]
by other people’s movement the way other animals have been found to be con-
strained by conspecifics. For instance, firetlies have their own individual rate of
blinking, but a coupling principle from statistical dynamics (hypothesizing perhaps,
that seeing the blink of another has an energy impact on the firetly) means that a
firetlyv’s own rate of If‘|’Illh.:I!;' 1S 1l'“x1 in the direction of other ftiretlies ;Ilt‘lllhi. rc-

1 1 . 1
sulting—when there are sufticient numbers of firetlies—in pulsing masses of fire-

1

1 1 T B

linking in synchrony (Strogatz, 2003; Strogatz & Stewart, 1993).

Research testing coupled oscillator theory for the coordination of simple rhyth-
mic movements (e.g., pendulum swinging at the wrist joints or rocking in rocking
chairs) for pairs of individuals has revealed that individuals who are instructed to
coordinate their rhythmic movements intentionally are harnessing a coupled oscil-
lator dynamic. For example, participant pairs who were instructed to coordinate

T!la'!!' movements |‘“C Out Oof phase k.i!112§“|‘: 1S¢) .HIJ were Iul'x_a.\{ (O 1NnCcreasce I}IL‘H'

|
!
&

speed of movement showed a breakdown and shift into in-phase swinging, an out-

come that is generically found in coupled rhythmic systems throughout nature
(Schmidt, Bienvenu, Fitzpatrick, & Amazeen, 1998; Schmidt et al., 1990). In addi-
tion, Schmidt and his colleagues have demonstrated that this same cou-
pled-oscillatory dynamic underlies unintentional synchronization between indi-
viduals. Pairs of individuals even become unintentionally phase-entrained when
Atiempting to maincair their own individual (Cmpo m SsSwinging ]"L‘lh{llltmh
(Schmidt & O'Brien, 1997). Moreover, coupling dynamics between individuals tol-

!' W -'T].'tk‘l ‘“'It'x!]k[ll ns consistent with coup L‘Ll H‘*Ll“;ilt‘r !llL'l‘fI"».' ‘*1“_11 AS '\‘{llL’l] tWO
t !

movements are phase locked but have unequal inherent (uncoupled) frequencies,
then the inherently taster oscillator leads within the cycle (Schmidt & Turvey,
1994). In addition, transitions from out-of-phase to in-phase modes naturally oc-
cur with increased values of the control parameter, that is, with forced increased
frequency of movement (Schmidt et al., 1990). Measures that capture more subtle
and global behavior (postural sway) similarly show that an informational coupling

of individuals (e.e.. through conversation) leads to increased behavioral coordina-
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tion, as assessed by cross-recurrence quantification—the amount of overlap in the
reconstructed phase space of individuals’ postural time series (Shockley et al.,
2003). In addition, recent research suggests that conversation may be an important
medium for informational coupling of physical movement. Shockley et al. found
that even when individuals could not see each other, greater coordination of pos-
tural sway occurred between individuals who were conversing than between
nonconversing individuals.

The important aspect of this research is that it uses truly dynamic measures rather
than eliciting judeges’ subjective judgments of synchrony or coding static features at
multiple points or providing more nearly continuous but extremely time -consuming

coding of objective features (e.g., limb positions of two individuals; Newtson et al.,

1987). More important, it uses measures that are not of each individual considered

separately and then correlated in some way, but the key measurement is of the rela-

tion—for instance, whether the pairs are in-phase or antiphase, or how much shared

1 1
activity there is in the postural time series of the individuals’ movements. Recent

{ ]
i)

“*t’lhi!k"* I'l.i\ - It"lll‘ull Tl"l.ll *llt.ll movement I"E':a‘TI[I-.. IAOL0Z1ES h"ltl - ‘I]“wll.{L'I' !}“]L’ romise
l

for understanding the dynamics of emergent social psychological processes such as
those involved in cooperative versus competitive tasks (Johnston, Richardson,
Schmidt, Marsh, & Miles, 2005).

We believe that the logic of emergent phenomena of coordinated movement at
the dyadic level should also hold for larger groups of individuals. Moreover, looking
at larger groups of individuals will allow us to examine multipurpose approaches for
explaining collective group movement. Predictions regarding larger groups of indi-
viduals require references to research on group movements of organisms such as
schools of fish and flocks of birds using mean field theory (Toner & 1u, 1998; Wong,
2000). The organized movements of these collectives can be understood as being a
consequence of direct information about the movement of one’s immediate neigh-
bors. This provides a force that operates on the direction of a fish’s own movement
and that of the school as a whole. Coordinated social interactions might similarly
be self-organizing systems founded on such laws. More recently, Neda and col-

leagues used a similar approach (Neda, Ravasz, Brechet, Vicsek, & Barabasi, 2000)

in an examination of synchronized clapping. More specifically, they were interested
in how an applauding audience often starts out clapping in a highly unsynchron-
ized way and then after some period of time suddenly makes the transition to syn
chronized clapping. Of particular interest was how a clapping beat spontaneously
emerges, disappears, and reemerges despite the fact that every member of the audi-
ence has a preferred clapping tempo and there is no external beat being brought to
bear on the audience. The results indicated that the mean noise intensity brought
about the changes in synchrony, with the clappers making spontaneous transitions
from clapping in an asynchronous manner to achieve higher noise intensity and a
synchronous mar.ner that requires less effort. Furthermore, the common tempo of
synchronous clapping emerged as a result of each clapper atfecting the other, lo-

cally as well as globally.
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STUDYING THE STRUCTURING
OF SOCIAIL BEHAVIOR

In sum, we believe that the synergistic approach provides a unique way of ascer-
taining the essential social nature of interaction as involving mutuality of influence
in which novel qualities emerge in a new unit: the synergy of an interpersonal per-
ception—action system. |his perspective, we believe, best considers all three fea-
tures that are essential aspects of social interaction: the structuring of social behav-
lor through mutuality of influence; a concern with embodied (rather than merely
IHCHT.I]) al *[“‘ix:I'HL"~ u ‘T.IIHL'{'JLH* A -1II~_i | TC ]].in C Ol ll!ll\'L‘I\.l] l WS Of I“'lt *IH';_IILJI. LI"\ -
namical systems. Just as the presence of another individual provides unique possi-
bilities for action, so does it create new physical and psychological constraints on
PCTCCPUION—actlion systems. f“;ilt_lll a4 System }].l“ S ‘H._I.II ettecnvities IlHT CINCTYC I‘L“
cause of unique properties of the involved individuals, and yet the social
eftectivities that emerge cannot be decomposed into the eftectivities of the individ-
ual actors. Moreover, we believe that such a perspective will illustrate that dynami-
cal principles that operate in an interpersonal perception—-action system have qual-
ities that are universal to complex dynamical systems.

One tinal issue bears mentioning. The advantages of the individual-level and

cognitive dynamics approaches are that they involve less radical reconceptuali-

zation of what interpersonal behaviors and social psychological phenomena are ap-
propriate behaviors of study, and they ofter an immediate focus on tamiliar phe-
nomena (personality traits, social cognitive processes). | he synergistic approach
Uternatively uses more unusual methods such as having people swing pendulums
together and move objects together—procedures that are rather distant from the
immediate measures of psychological attributes and processes commonly measured
in social psychological experiments. Thus a reader might reasonably question
whether the procedures we are advocating have any ultimate bearing on under-
standing “truly” social phenomena such as judgments, emotions, attitudes, and
relationships.

We believe so. Despite the tact that the topic has been relatively neglected in in-
TL_'I'}‘k'I'MrH.rl interaction, the basic issues these tasks examine, such as the emer-
sence of a basic social unit, are at the very essence of what it means to be social: to
z

be changed from merely being an individual to being something qualitatively difter-

§ ] i
ent. Moreover, the procedures may allow us to make rather novel predictions about

rather precise points at which psychological experiences will shitt. For instance,

feelings of uncertainty and biturcation points at which an interaction can shift into
one that feels much more intimate or much more distant will occur at those ven
points at which the animal-animal-environment relation predicts that shifts in ac-
tion will CINCrge.

Moreon CI, WC Cdl IH.i'\L' I’L'l.l[l\ ki PICCISC i‘fL'JILIIHII\ .l|“‘t1lll IllL' nature of pPat-
terned movement we expect. Social psychologists also concerned with similar phe-

nomena can make only broad predictions, such as the fact that mirroring behavior
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(termed the “chameleon effect” by Chartrand and Bargh, 1999) will somehow oc-
cur, whereas we strive to make law-driven predictions about the nature of and con-

straints on such coordinated action. The approach we introduce yields much more

precise predictions about behavior, grounded in knowledge ot the animal-ani-

mal-environment mutuality and understanding of the interplay between the infor-
mation available to an actor and the actions that result. Whereas current social
psychological approaches focus on the artifice of an individual, who, like a chame-
leon changing color, changes behavior in response to others and fails to remain in-
dividualistic in the context of others behaving differently, our approach sees the
mutuality of chameleons interacting with each other and their environment as the
very essence of being a socially “authentic” being. Viewed this way the focus is not
on the artifice of the solo individual responding to a force in the environment to
which it passively responds. Rather, we see sociality as a process within which the

chameleon. by movine off the lonely rock into an environment with other crea-

tures, participates in creating colorful new possibilities for a social quilt that is more

than a collection of individual patches.
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In Defense of Mechanism

A. . Wells
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In Life Itself and in Essays on Life [tself, Robert Rosen (1991,
1

chines were, in principle, incapable of m

]

which he claimed to be the existence of closed causal loops
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Rosen's areument has
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n mechanism is fundamentally misconceived.
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sVSiem T]I-il 1T CONLAains ¢ i"'"‘-L'Li k.'ll]""n]l IHH]“.
istemology is based on a strong form of indirect realism and his

 some of the ftundamental principles of

[ he pregnant question “What is life!” has received many difterent types of answers

derived trom a variety of difterent research

strategies. One strateey is to examine the

denizens of the world and to look for a common element or condition possessed by all

I!\III'_’ Flil]i:f‘*.!lni !‘\ notnimngy t'l‘*k'. lll 1
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be proclaimed as the answer to the question. There are many difficulties with this

strategy. One is that it is circular. [t presupposes that living things can be identified in

order that the essence of lite can be extracted from them. A second difticulty is the

essentialist assumption that there is a common thread

gether. The torms of life may simply be too varied and dis
Another Srategy 1s to prog eed by

.ti\ Wil &\}1.17 ]l!L' 1S NOtL, Oone Ih q“a'~ 1 () l‘L'LL“I]lk' ( ]LHIIL‘T

Jl‘aﬁlll

binding all living things to-
varate for this to be true.

\ process of elimination. By becoming clear

what it is. The

biophysicist Robert Rosen (1991) adopted essentially this strategy in his book Life

[tself. Rosen’s principal target was the idea that living things were biological ma-
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deal of time with mechanisms and machines, ultimately to reject them, and replace

them with something else. (p. xv)°

Rosen’s (1991) central arecument reached the conclusion that “there can be no
closed path of efficient causation in a mechanism” (p. 241). By contrast, in his view, or-
ganisms are characterized precisely by the presence of such paths: “A material sys-
tem is an organism if, and only if, it is closed to efficient causation” (p. 244). The central-
ity of the argument based on causal loops can be gauged from the fact that it is
repeatedly reasserted in Essays on Life Itself (Rosen, 2000) and is also a key part of
Rosen’s description of Life Itself in a short paper called Autobiographical Reminis-
cences, which can be found on the Internet (Rosen, n.d.). The statement there is

clear and trenchant:

| argue that the external, [‘*11*‘[1& . material world is tull of closed causal lrm‘;“n
iust as the internal, mathematical world is full of closed inferential ones
(impredicativities). The “world” of the mechanism, or machine (or, as | call
it, the simple systems), and which I believe is an artificial human limitation
on reality, does not allow such loops. Accordingly, as a class, these simple sys-
tems are extremely poor, or limited, in entailment and hence extremely

NHONYCNCTIC.

| i i i I "
Rosen (1991) described the idea that science is essentially mechanistic as a preju-

dice and argued that it had “disastrous consequences” (p. xvi). In particular he

claimed that the assumption of mechanism made it impossible to answer the ques-

tion “What is life!” This was not just dramatization for emphasis: That the charge

WAS ]I]:ILI.I'&{L.\! ‘L'IIHH‘*]\. 15 lL'.iI' rom I!'IL: CONIEeXxt.

| 1 1
1 hk'lhl!i1|}Wi'“HEW~EH¢Th'[iT}L{I\HL+WIL dealing with mechanism already «

(1 '-.k]ml ‘.'xt_'In'LgiI" IITIVE Al an answer. \* imaount Oof rennement ol
i | :
the world of mechanism can avail: once we are in that world, what we

OTIC 1;“ V1)

It is not immediately clear why the assumption of mechanism should be so damag-
Ing to the attempt to understand the essential characteristics of organisms. The

ories are always wrong in some respects but rarely make it impossible to answer core
questions. [l\L cxXpianaton I~W‘I{1k' *ITUI]ET%[ B! i{t*Htﬁlﬁn antimechanism 1s I~'}“r
found in his conception of science and his view of the relation between minds and
the external world.

ughout trom Life ltself: A Comprel
ife, by R. Rosen, 1991, New York: Columbia !

VOTsITY IITi"‘. !{t}'tl?i';: k\:ff|;'n71111\~1-4..
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Rosen’s critique of mechanistic ideas in biology has been endorsed by leading

ecological psychologists, including Michael Turvey and Robert Shaw (cf. Shaw,

2003; Turvey, 2004; Turvey & Shaw, 1995). If the critique is correct it applies,

among other things, to computational models of psychological processes because

they are machine models. It thus becomes apparent that the critique is very wide
ranging in its scope. It would show, if it were true, that the mainstream approach to
cognitive science must be mistaken in its foundational assumption that the mind
can be understood in computational terms. It would also show that proposals to de-
ploy computational thinking in ecological psychology, for example, the modeling
of affordances as the configurations of Turing machines by Wells (2002), must be
flawed or, at best, radically incomplete. Fortunately, for those who value machine
models in psychology, Rosen’s critique is not correct. It is, in fact, fundamentally
misconceived because it is of the essence of a machine that I kt‘IlIJiI}H[ﬁrLﬂ_l“Lw\'TllC
closed causal loops that Rosen claims cannot be realized in machines.

[ 'his article detends machine models and the mechanist philosophy agains
Rosen's attack. The simplest, and most obvious, wav to rebut Rosen’s (1991, 2000)
critique is by displaying machines that exhibit closed loops. Several such machines
are described and discussed. These machines provide conclusive counterexamples
h'}{achf~kyIHTJ]AI:HIHyIH.;\Iiﬁﬂlﬁ ] J«Wh:?hC“U]IHLW ILWIV,“iWEUYUY.JMmWIIHI
.ikLJIa‘~~T]IL‘k{HtﬁﬂT!-wl of how Rosen ¢ HIik:Tulfkﬂlk]1 lll‘kx'I]Lill“h‘I]“[lk]r\IlH:\ | [.H_klk‘
the details of his arguments. | hese are valuable supporting exercises. | his article
he

—

ns, therefore, with an overview of Life Itself (Rosen 1991). It then summarizes
and offers a critique of Rosen’s central argument. This is followed by discussion of
some subsidiary arguments that appear principally in Essays on Life Itself (Rosen,
2000). Turing machines are then introduced and are readily seen to exhibit closed
kkill*.” ‘n‘uq‘H, lil Iltr III!J[ section ol T!ii PApPCT SOMC aspe [S Ol l{*‘“LW11“ {dllltlﬂtqﬁll\

and methodology are compared with some of the principles and methods ot ecolog-

14 .il }'"“-‘-,L !'IL ‘I~" A'P

—

OVERVIEW
Une of rfn' curious features of Lif f.".-.';_'* which Rosen | 1991) described as a book

bout biology, is that there is rather little in it that most people would recognize as

—_

| 1

biology and a great deal that looks like mathematics. Category theory, set theory,
and recursive function theory all feature in the development of the argument. The
reason for this is that Rosen understood science in terms of a specific conception of
Natural Law and in terms of an epistemology that laid fundamental emphasis on
nltu]vlnluirylur1¢w1~|*cfuxva1111|!lukﬂ “K‘TVIH‘tl1hl[IlU.lLLl‘HIlT“FITi[\\L'ﬂl\t‘t” Thtﬂll
in both natural and formal languages. The first task for a student ot Rosen should,
therefore, be to understand his epistemology and philosophy of science.

Science, Rosen (1991) said, is built on dualities, and he sugegested that “the

most fundamental dualism” is that between the self and everything else. Section 3B
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of Life Itself describes this dualism in Cartesian terms. According to Rosen, the selt
encompasses or contains “our perceptions, our thoughts, our ideas, our imaginings,
our will, and the actions that spring from them. This is the inner world. Everything
else is outside” (pp. 40—41). That which is other than the self Rosen called the “am-
bience.” and he thought of science as a kind of relation between the selt and the

ambience. Science, he said,

rCyquires dr y\TfIfiJ. -wwtlflit'\\tﬁld )| lﬁﬁ“fr INCTd, wlhi Ihn'i}ﬂaﬁlizL subjective
\%wlllyl O IE!&‘ “t*f. kkitlx l| PCTCCIVOS, Organizes, acts |1iu}1111\lL‘I\I.tllhiﬂ. ]leit'tkiﬁ SCICTHICC
HwLwllﬁl H_P.lrLWiLQ“ﬂib TIhLW*HI\ikdkwa'lh?ﬂlgdlﬁ'}:r ﬂld“hﬁ]tUJ‘mnla~H¥ 1N Mpor-
(ant sense, a way ol H:ﬂ‘mﬂfllujfilu EFJLWT&![ Wi Iii | ;]1r1n1IHL111 1IN f};r MtTgI'hiL

subjective world that we !I‘I“‘I'L'IIL‘Ihl sO directly. (p. 41)

[t is, | think, of great importance for ecological psychologists to understand, as this
quotation shows, that Rosen’s epistemology is based on a strong torm of indirect re-
alism. It is a key part of the context needed to understand his attack on mechanism
and it suggests, rather obviously, that Rosen’s philosophy is much less compatible
with ecological psychology than some of his apologists may like to think.

A “second basic dualism” (p. 41), as Rosen (1991) described it, concerns how
we take the ambience to be partitioned into systems and their environments. | he
way that Rosen characterized this second dualism reinforces the point just made
\bout his indirect realism. Talking about how we manage our perceptions of the ex-

ternal world. he said.

l“"

have no universal principles t
LhHTHIxTL‘H Lk*hkrt‘.']n EIHILI\\'WIJ*'IT}H'“kAT
Tﬂa 1H.Ph¢.xa.[TIJRT"IlThaﬁlkh.lk~41~tth~:‘
directly perceptible propert

ST '!\']a'k_T]'-L L

[ he idea that there is a consensus that imputes or ascribes properties and mean-

ings to the external world suggests the view that everyday reality is, in part, a social
construction. Notice the strikine contrast here with Gibson's (1979/1986) view of

the external world as the locus ot ecological reality

1 1 1 1 1 3
[ he world of physical reality does not consist of meaningtul things. The world ot eco-

1 1 i i 1
logical reality, as | have been trying to describe it, does. If what we perceived were the
|
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i
be discovered. (p. 33)

The significance of the partition of the ambience into systems and their environ-
ments lies, said Rosen (1991), in the fact that it leads us to treat the components in

tfundamentally different wavs. Svstems are described in terms of states, and envi-




IN DEFENSE OF MECHANISM 43

ronments are described in terms of their effects on systems. 1 his. Rosen said. is a

source of fundamental trouble. but it is of less concern for this article than the first

basic dualism between the self and the ambience. Rosen took perception of the ex-
ternal world to be mediated by the inner self. In section 3D of Life Itself he said that
language plays “an essential role as an intermediary between the self and its ambi-
ence’ (p. 43), but he did not say clearly in that section what the essential role of
language is. Instead he described the differences between natural and formal lan-
ouages and between syntax and semantics and introduced what will become a key
idea, namely the fact that the syntactic production rules of languages, both natural
and formal, are vehicles for inferential entailment. Further discussion of inferential
entailment in section 3E included a briet discussion of Aristotle’s four categories of
causation, a topic Iiu! 1S [[-L'l”t’kl HIIIIH'!' 1N JUL‘ course. A |\'L'\' [”Hil‘ll (O note ;lhi"ll[
inferential entailment is that it can be understood in terms of causal relations be-

tween syntactic elements. For example, given the rules of elementary arithmetic,

the string of symbols 2 + 2 = ! entails, or can be said to cause. the symbol 4,
) |

whereas the string / > entails the symbol Q. In section 3G Rosen discussed en-

tailment in the external world. The key question he asked is the following: “Is
there, in this external world, any kind of entailment, analogous to the inferential en-
tailment we have seen between propositions in a language or formalism!” (p.55).

[ he discussion that follows turther contirms his view of perception as indirect.
H SEn (]'»M[\ H.il‘i. ‘x\‘.lll L'\]“‘litlf reference to K.Hl[, [}Ll[ Il1iil*_{*- In IhL‘I]hL'I'\'Cs Alc
“inherently unknowable” except through the perceptions they elicit in us and ac-
knowledges that this is a potent source for skepticism. He concluded, nonetheless,
that it is reasonable to posit relations of entailment between phenomena in the ex-
ternal world because natural language “imputes hordes of entailments to the ambi-
ence” (p. 56) without leading us seriously astray. These entailments are taken to be
causal. Notice the second use of the term impute.

[0 summarize the discussion so far, Rosen (1991) had, betore the end of chapter
} of Life Itself, made the following points: There is a fundamental distinction be-
tween the internal world of the self, which, in Cartesian tashion, is known directly
and indubitably, and the external world, which is known only indirectly. The inter-
nal world contains a variety of l.'.I]LI_II.!L_'_L“* that instantiate systems of mttrcmi.tl Cll-
tailment. Semantic projections from these inferential systems outward onto the ex-
ternal world are generally reliable and support the assumption that the external
world contains entities that are systematically related to one another by causal en-
tailments.

Building on this foundation, Rosen (1991) discussed natural law and modeling
relations in section 3H. The point of this section is to discuss whether, and if so,
how, inferential entailment in the inner world can be related to causal entailment
in the external world. Rosen argued that they can be related by the establishment
of a modeling relation between them. According to his view modeling relations are
possible by virtue of Natural Law, which provides the explicit underpinning for sci-

CIICC. \.ifllr;ll ],.i\\', 11 Rl"\lﬁl]“\ Il‘I'II‘lll].l?li‘Il Of 1It, rests on two tlllhilli‘lll.‘ﬂ[lil ASSCI -
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rions: first. that events in the external world are ordered and exhibit svstematic
causal relations; second, that these orderly causal relations can be grasped by the

human mind.

['he causal relations manifested by a natural system provide the orderliness requi
of the ambience. ]HIL'!”L'IMI-II L'Hf.illlliz‘Hl‘ In a formal system is a way o

orderliness required of the self. The art of bringing the tw

throueh the establishment ot a definite modeli

—

rion between them. is ti

1

| | i
li|JTI-41 Of the I II:u'I‘&I‘:.!IJT!iv latter; it 1s 1n eftect wlagteuk‘lfuall.i?" DY)

.\.lllx*xiLWIlliﬁ IL'LII]I‘]I 1S [llll“ 4 TOorm of congruence berween tf[lf.i”IIEL'ILT STTUCTUTres.

Causal entailment in the external world is mapped onto inferential entailment in

. : _
the 1nnet Hki'T]xl-[! TliL'IIIl}‘I‘IIlf L.I[‘flirL'* Illk'a'ﬂﬁpfifi 11!L21111Tkﬁ“1‘4 T!IL'u LUSdL SVSTCIT,
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I Wil ( }t*\\ll‘m (O USe the inferennal structure orthe tormal svstrem o make PIe-

1

dictions about events in the external world. The discovery of the planet Pluto is a

1

well known example. Prior to its discovery, astronomers had modeled the orbits of

the known planets in a mathematical model of the solar system. The mathematical

)

model was a svstem of inferential entailment. in Rosen’s terms. whereas the actual

orbits of the planets constitute a system of causal entailment. Calculations based

on the model allowed the astronomers to predict the tuture positions of the planets.

1.

| i | ' 1
Lbservarions ‘]]!‘\\k';lT]!.!T TIIL'!I]tFu{LW Was I.!EJ]IR 1‘1 LAUSe lllL'[“l ners did not !‘k!l 1V

as the model predicted. Further mathematical reasoning, which can be described as

1

the tracing of possible paths of entailment in a revised model, showed that 1

1

1

tional discrepancies of the known planets could be accounted for by 1

tion of another planet beyond Uranus. The revised model was used t

position of this planet, and telescopic search subsequently led to the di
Pluto
ULo.

: 1 1
lwo points of particular importance should be noted about the mode

L]
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(p. 61)

l irllf.] {lllllk. \\u'll.lrtf rtﬂltIlL\J IllL'IiilHI\ltT!m*Ii~li Iia*\kﬂl'ﬁ ad“}ck L1015 Tt‘IILJL]lII]C

models in biology and the basis tor his belief that such models make it impossible to
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discover the causal principles governing organisms. The core problem, in his view,
s that mechanistic philosophy starts with a formal machine model in the inner
world and projects this onto the outer world. It assumes, that is, that organisms are
machines and will be found to exhibit causal entailments that are congruent to the
inferential entailments found in machines. This is a double mistake in Rosen’s
view: It is wrong because, as a matter of fact, organisms exhibit patterns of causal
entailment that are not, and cannot be, captured by the patterns of inferential en-
tailment available in machines, and it is wrong because the strategy prevents us
from understanding the patterns of causal entailment that do exist in organisms.
Formal models are our windows on the external world, and the machine model is a
window that makes it impossible to understand how organisms work. It is this, in
Rosen’s view, that makes mechanism such a pernicious philosophy of biology.
From this standpoint there are two major issues for Rosen to tackle. First, ma-
chine models must be characterized and shown to be inadequate; second, an analy-
sis of the kind of modeling strategy needed to provide the theoretical foundation
[Or l‘li rla*;‘;\ iLI\ O l“'t; JIVETI. Notice ’Il.ii IT 1S NOL '._‘Iln’rll*:_fll I;*I' P\U\L’H \Illll”l\' (O I'L‘]u‘t;l
mechanism. In his view, models are an essential part of the process of theory con-
struction and development. A critique of mechanism leaves a gap that has to be
tilled by formal models of some kind. Chapters 4 to 10 of Life Itself are concerned
with these issues and the final chapter outlines Rosen’s (1991) proposal that biol-
ogy should be based on relational models and compares the proposed relational bi-

ology with existing theories and models.

THE ANTIMECHANIST ARGUMENT OF LIFE ITSELF

Rosen’s (1991) antimechanist argument is complex and multifaceted. It is also ob-
scure in places. Even his most ardent supporters would hardly claim that Rosen'’s
exposition is always clear. | think, however, that the following list of propositions is
a fair summary of the principal points of the argument and, roughly, of its sequence.
| have indicated in parentheses the primary places in Life Itself in which the points

of the argument are presented and/or elaborated. It should also be noted that some

points depend on earlier chapters of the book. Points 5-7, for example, draw on the

material of chapter 6, and the argument in chapters 9 and 10 draws on the ideas

about relational modeling developed in chapter 5.

A system, natural or formal, is a machine if it simulates, or can simulate,
something else. Simulation is what machines do. (7B, 7D, 7E)

Simulation involves a fundamental distinction between hardware and soft-
ware. (D, 9A, 9B, 9D)

A natural system, N, is 2a mechanism it and only if all of its models are

simulable. (8B)
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A natural system, N, is a machine if and only if it is a mechanism such that
at least one of its models is already a mathematical machine. (8B)

If N is a mechanism, it has a unique largest model. (8C)

If N is a mechanism, it has a finite set of minimal models. (8D)

The largest model of a mechanism is the direct sum of its minimal models
and is therefore synthetic. (8E)

In mathematical machines efficient causality and material causality are
“‘*L”:_'rk"*_f.i[L'u] INto Jl\h‘llll[ Structures. ]1.11111‘. 1re 1S I|1L* L‘I’Hl"t klllllt‘HI Of ethicient
cause, whereas material cause is embodied in sottware. (9A, 9B)
Hardware entails the flow of software states from input to output, but soft-

ware cannot entail hardware. (9B, 9D)

A hardware component can be entailed only by another hardware compo-

nent. (YE)
\ SVYSTEI “"‘ . 111 'xki'lit]'l A [‘I’L"\'li‘rlh]\ LUnent :!quf ]l.ll'xlk’».il'tﬁ COTNPX nent 1s en-
I‘illui, Muslt h.I'\'L* more states IIL!H S0, :T:H.' sVstem 1n ‘ﬁ'l'llkh f!h‘ component
Wdas Tl!lt‘l}l’.lllmi. l"-’l;)
The larger system S will itself have at least one unentailed hardware com-
ponent. (9F)
Only in the limit as n approaches infinity will every component in a system
S, be entailed. (9F)
Such a system cannot be a mechanism because a mechanism has a finite
|.il':~_IL'*-T IllthiL‘[. l‘«)}-\
Hardware cannot be entailed by adding turther constraints to existing com-
ponents because this involves splitting states into direct summands and
lL'.lki\ (O an Infnite regress Hf rrliL[I‘-\"” 1 L1O1. _“‘;llkl‘l d TCUTCSS Li'HTIthL_T“ Il"iL*
fact that a machine has a finite set of minimal models. (9F)
16. The argument of Points 1 to 15 shows that there can be no closed path of et-
ficient causation in a mechanism. (90)
l? \ ‘I'}_‘ttrlhlllx u’_\.illl‘ll \ ll“‘L'x' l‘;ir}h of etticient causation. (10A, 10C)

8. Oreanisms are not machines. (10B)

The areument is vulnerable to a range of criticisms and tails to establish the central
claim made in Point 16. I shall discuss its principal weaknesses but it will be usetul,
betore doing this, to consider briefly the distinction between etficient and material
causes that is mentioned in Points 8 and 16.

The distinction stems from Aristotle’s classitication of “causes” into four types:
material, eftficient, formal, and final. There is a consensus among contemporary
H\_'Ilul‘!r% [I"i{i[ T}lL' \ IIFL'CI\ Wi "I'gi “(!.lfl()\',” W l"!]k 1_'1 }JJ”* TI'.iuli[ll'll'l:i”\ INL'L‘H II.HI‘“ILHL‘L{ AS
“cause,” should, in tact, be translated as “because” (Hocutt, 1974: Moravscik,
l‘-’TJr). | I]L’ TOur- }H Jh!lllt[lt " Ill;lJL’ }"'\ ATISt tle 1S, IIIL'I'CTa e, ]k‘hl the *IILIIH Of as a
L'Ll:w%lfii..;l(lull ) JIHUI‘L‘HI LYPCS Ol L‘X]‘Lllhl[iwll, Not Jiﬂcﬁ:l]( (YPES Of causes. ”lL'
only type that would be considered causal in modern terminology is the category of

efficient cause. Rosen (1991) uses Aristotle’s terminology primarily to distinguish




IN DEFENSE OF MECHANISM

causal relations among the hardware components of a system—which he describes
as instances of efficient causation—from causal relations in software, which he de-
scribes as instances of material causation (ct. Life Itself, sections 5H, 9D). Part of the
reason why Rosen uses Aristotle’s rerminology stems, | think, from the fact that he
wants to compare entailment in material systems with entailment in formal systems
and is able to do this by using Aristotle’s analysis to distinguish the different types

- —

of cause in both cases. The discussion in section 3G of Life Itself (p. 57) seems to me
to support this understanding. However, given the fact that material causes in the

Aristotelian scheme of things are not causes as we would understand them, the dis-

tinction obscures more than it clarifies. It is, in any event, not a significant aspect of
the areument. What is significant is Rosen’s claim that the causal relations be-
tween hardware components of a system are distinct from the causal relations em-
bodied in software. [t should, of course, be remembered that in any real machine to
which the hardware/software distinction applies, software components are just as

real and material as hardware and, therefore, just as much subject to causal influ-

ence. | he distinction that Rosen marks by the use of the terms efficient and material
is, therefore, a distinction of causal role, not causal type. Provided, then, it is un-
derstood that the central claim in Point 16 of Rosen’s argument refers to causal re-
lations among the hardware components of machines, and provided also that the
causal roles of hardware and software are distinguished where necessary, nothing is
lost by ignoring or eliding the distinction between so-called efficient and material
CAUSCS.

Turning now to the status of the areument itself, Point 1, which takes simulation
to be the key criterion for distinguishing machines from other systems, is simply
wrong. Most machines do not simulate. Think of the functions of the everyday ma-

chines that surround us: refrigerators cool things, cars transport us from place to

place, scissors cut things, pianos produce music, and so forth. None of these ma-

chines is a simulator. Machines that do simulate, of which computers are the most

obvious examples, are a special, highly organized class. Rosen’s (1991) definition of
a machine is, therefore, far too narrow. However, even if it were correct, the defini-
tion does not establish what he wishes to establish. Part of his reason for focusing
on simulation as the key activity of machines is his beliet that there is a fundamen-
tal divide between simulation and modeling. He claims that whereas a model lays
bare the entailment structure of the system it models, a simulation hides it. “In
causal terms, simulation involves the conversion of efticient cause, the hardware of
that being simulated, into material cause in the simulator. In essence, this means
that one can learn nothing about entailment by looking at a simulation” (Rosen,
1991, p. 193).

This is an extraordinary claim that, once again, is simply wrong. If it were true,
there would be absolutely no point in the many computer simulations, for example,
of airtlows over aircraft WINESs and the devel pment ol weather patterns, \\'|1iu}1 arc
used to study causal relations in complex systems. Far from hiding the details of

causal interactions in the svstems that are modeled. simulations enable them to be
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studied in great detail and at a variety of time scales. A simulation is rather like a
high speed film of the impact of a bullet on a particular material in which time can
be slowed down on playback precisely to enable the investigator to understand
INEIILWJ‘IH,k'\TrL111VI\ ri}Wu{“!]LLLf““h‘I\*‘tk.lH“.J interactions between the bullet and
the material on which it impacts. A simulation should, if anything, be described as

a kind of “supermodel.”

)

[t is worth pursuing this point a little further because Rosen’s (1991) claim

. , _
about simulation is couched in terms of the unhelpful distinction between etticient

and material causes, which is a source of contusion rather than clarification. Sup-
l 1
pose we were to construct a simulation of the impact of a bullet on a sheet of glass.
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lation of the sheet of glass. and a simulation of the dvnamic relations between

them. One obvious way to do this would be by constructing symbolic representa-
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tions of the terms of the simulation in a computer program. | hus the bullet might

D¢ [C] resented as an arrav ol k“l.HITITlU~ IIL&T { TJhJRTZKa'll \iHltiLtfk'if~ xilw;“y. IT14SS,

"

. : | . , 1
density, velodity, and so ?iﬂf}l, Jllxitilk"lyl“‘ Mint e IL}‘TU\LW?ILm! AS

]
Hznnl.z‘{ reoular strucrure. l! 1S T1|l- ProCess OF 11 .-:'-] 1rne 1inro

.lkrl\it I.xn.!I‘l:[\' FI]'LIII."‘ . ,I ' . i-"'." i "'. 111111 14 ‘1

3 l _ ' B v - - " ' 1
l\i‘“L'fl refers to nNe conversion of etncient cause ito I}i.!ft'II.il CdAdlSCe. ll ‘]IH'IIILI

1

ImMmhneal :TL'!K !“k'xxla':I ' !LET ’ﬂ.}lL‘TliL'r O NOT ONCE CAal ;. (I1) 41\ T{l]Tl;f ii‘-"i’ -l 1]|Iilt'!l?

IN such a ‘iitllll.tTI"Tl-\LMI'L‘iI.I“ not on !l;g~;‘1- Cess Of conversion but

1

|lt~ CHOsen the corredt 15PCC IS Of IIIL' sVSiem | Icl resent. .\

cludes only the name of the maker in the representation of the bu

1 i |
]]L'LT 1ON O i!lk'x'\kfk malenvironment in I!It‘ft.} resentation o1 the viassy

INntformative about T!1u 1H1i‘ukT IPII]}a'I‘lHIa¢ O THhe 91ASS. %l]!.b h:Hll;{t[w 1 the

| | . l ‘ 2 ’ ! .. i‘ -1!
tll.l'l.]'n._“‘ .‘1'\_.[ |11‘R| Ik; 1'n.__"'.l|:1|‘ 1'1}.,!‘!]"‘\ I"t TI]L ‘\llllikr!l'; - T ! :r.1 L |.' i I':{l"-_l"r

i i 1 i
olass and that models the chaneine dvnamics «

—

1
|

microsecond time scale TIIIJIII 6 CXI IkﬂilLﬁ13 | ]

L1O] M!L }tﬁlla]* 18 TI.& (Ul HITY O The mode 11!1; |

| |
el F.nn_| (11 7\1.2! The conversion o1 trerms f}. 1

!Mi}H!kWIT sfructures ol T}hj svVstem “IHllillitﬁf

L

\; 3 T . . i ] " B B ol 1
I=-H!5 L | I?!st' \rument Is Corredt. lilLTi | 5 undament 1|xilHT_;x L 10)

Ilif\!ﬁ_iTL' INnd software, at lk'!“? 11 ka1iH[“lHL IS (Hdl ~iH:|11|TLZ l{-'H\k“x:T.

—

| 1 i ¥ ¥ i

10N does not HIW‘iwﬁ{T?liL' HE’EH]IUIlIEIIl{!r Wa\ ’.-'f|x~‘~f1:i 1‘“*1 ) WISHeS |
“ ¥

it in Points 8 and Y.

Y

Points 3 and 4 of the argument inherit the deticiencies of Point 1.
rather strangely worded. One does not normally think of calling a system a ma
chine it and only it its models are of a particular kind. Rosen explains this curious
usage in terms of Natural Law: “This peculiarity stems only from my expression of
III&“\k'L.x‘IikLﬁ[‘I“ 1IN terms of I}]L'I]ll‘xik'i“ Ol \x. ! |T?ik! ?};.!I: (rv !I_iik.Lllfk'a'l‘. w}“n*llT \\
ITanI. I |ll~ 1S illIil.i! 5# iItH'lI IJI\H LW]II[IK'* 1S L \f- ) ai{n"HLﬁl. i"k}[. P. &\
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| he point is interesting, not so much for what it tells us about the argument bu

for the tact that it is a turther indication of the indirect realism that provides the
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foundation for Rosen’s (1991) epistemology. In his view we have to discuss natural
systems in terms of their models because these are all that is directly available to us.

Points 5, 6, and 7 are lemmas to the main argument. They are used to support
Points 14 and 15. There are both general and specitic comments to be made. The
important general comment is that the arguments of Points 5 to 7 rest on the dis-
cussion of models in chapter 6. I do not propose to go into the material of chapter 6
in great detail but I think it is clear that it does not establish the fundamental
claims about models that Rosen wants to make. The distinction between analytic
and synthetic models that Rosen develops in chapter 6 is based on equivalence re-
lations over sets. Analytic models are constructed in terms of Cartesian products
and synthetic models in terms of direct sums of disjoint subsets. Rosen takes the an-
alytic/synthetic distinction to be applicable to models of any kind, but it is not clear
Ill.lf Ilu.* conceprt or an L‘qlln‘.ilt‘mx' Ix'l,il ON 1S d \lllltll‘*lt LOA 'l Ii " JL'\'L‘IUl"iI]u d YCIICT-
ally applicable typology of models or for exhibiting the relation between a model
and the system, natural or formal, of which it is a model. In order for an equiva-
lence relation to be specitied, the elements of the set on which it is defined have to
be known, and it is precisely this that is not generally known when a model of a
natural system is being developed. Rosen himself acknowledged this obvious
disanalogy in his discussion of the equivalence relations over a set S that he called

“observables”:

| cannot emphasize too strongly that, in the tormal world, S is already a determinate
entity (in this case, a set), so that in general, looking at S as imaged in the spectrum
1(S) of an ¢ '-I“HLI‘..I!!‘I:._' INnevil 11‘[*. )ISES 1Nnform 1!1-1I1“ .i}‘n'!IT S, l!l i|1L' case or a H.i!m;:[
system, on the other hand, the counterpart of S is initially unknown, veiled completely

|

! 1
in its noumenal and phenomenal shrouds. The whole purpose ot measurement in this

LdASC IS f'\;w"lixjh (7l "'?I.\nLL' FL 0 PRAL L. 11

[t is hard to understand, given this, why Rosen persists in using equivalence re-
lations over sets as the basis tor his definition of types of models ot natural systems.
He suggested on the page following the quotation just given that set theory pro-
vides “a formidable battery of inferential structure” (p. 158) to study a given set §,
but the various operations on a set, which include the generation of turther sets,
tell us about the structure of the set, not about the system that the set represents.
Consider a simple example to make the point clear. The Cartesian product of a set

with itself. a structure about which Rosen savs a great deal, is the set of ordered

pairs of its elements. Suppose, as a result of observation, we have developed a sim-

ple model of a car in terms of the set CAR = {body, wheels, engine, transmission .
[his is a very simple model, but it is a start. The Cartesian product of the model,
CAR x CAR is the set of ordered pairs { (body, wheels), (body, engine), (body,
transmission), (wheels, engine), (wheels, transmission), (engine, transmission) .
Does the Cartesian product tell us anything we didn’t already know about the car!

Rather clearly, the answer is no. The Cartesian product tells us something about
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the structure of the set but not about the system of which the set is a model. The
difficulty with Rosen’s view is that he assumes that the structures of sets like Carte-
sian products are somehow necessarily informative about the models represented
by the original sets. In general that is not the case. To improve the model we need
to make further observations of the car, not engage in an analysis of the set that
constitutes the original model.

[ he more Speciic points to be made concern the status of the Argument that
purports to establish Point 5, the claim that every machine has a unique largest
model. The argument in section 8C of Life Itself is taulty. It takes the form of a re-
ductio ad absurdum. Starting from the assumption that N is a mechanism, but that
the category of all its models C(N) contains no largest model, Rosen claims that we

Y LY

can find an infinite sequence of increasingly refined models. Because N is a mecha-
nism, all its models must be simulable and each of them must have a program of fi-
nite length. We can then form the intersection of all the models and, by hypothesis,
this is also a model. Unless the sequence of models terminates after a finite number
of iterations, the model formed from the intersection is larger than any of the other

Y

models. Because it is simulable, it must also have a program. The conclusion ot the
IrZUment, acct ‘Ix]lTE'_: to Rosen, 1s T.IIL' foll WInNny. “We thus end Up with a countable

amily of distinct programs, each of which is a distinct word of finite length on a fi-

—

|

nite th“};ii-y!. | his is clearl IIIH“**\\”“IU“iI“. 209).

|
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IIL [ACT 1T 1S }"L‘II&L?[H I‘u'**‘.!‘!k'. Htll* evVven il rtne premises ol TI'H.' ireument were

correct, which is questionable, the conclusion would not tollow. The decimal rep-

. : . :
resentanons of the intevers., 1or L'\.tllll"]L“ AlC 'f:a' clements or a Lu‘HIIT.I\‘ V infinite

g ]
set of distinct words of finite length on a finite alphabet and integers are commonly
used to represent programs. It is also always possible to extend a program without

altering its functionalitv bv addine new instructions that do nothing (ct. Rogers

)

1967, p. 22, Theorem II1). This possibility contradicts the assertion that a machine

must have a unigue largest model. Given the failure of the argument for a largest

llluuiai,Ifrx'.:::lin:Lwlt 1OT 4 THI!Tk‘iJIIEHR 1~I~!:L;]L ~T:11.x1k4~ 1~-~I]L-~~13!Ia¢; ~I}“kx 1LISC

Rosen's (1991) argument requires both Points 5 and 6. It is, however, pertinent to
l

ask what is meant by a miumal model. Various possibilities exist, but it is hard to

form a clear idea of what Rosen intended.

| 1 \

[NIH“ S Yo and LU constitute TIIL‘ IlL*.iH Of the areument because they i'Lin‘L*IT [

~~~]‘|~ 'W Ti’l.lI I!’H‘ uIIi*HI}\TlWI! I“k‘!\\ CCl !'Lll'kl‘u.'\_!I't' .fl.lxi' sOftware 1n macnines ent iil“~ Ti‘:k"
segregaton of caus :1 1ACTOTS ‘::"m[. ultlm lTk'i"n 1S ‘.'1r':n' |‘.i-~1-~ [O] I!m' k!.i“IL Il'l.tr IMd-
chines cannot contain closed loops of “etficient” causation. There are two principal
T]..I‘t.'w 18 Iiu‘ Argument. I ]‘LL' [IrsSt 1S Illt_’ fact Til |(, contrary to I{MWIIHH VICW, I ik.j]”li."*
can and do have causal entailments flowing from software to hardware. T here is no
incompatibility between this fact and the tact that hardware and software are dis

rinct parts of a machine. In consequence, there can be closed loops of entailment in
machines involving both hardware and software. Rosen was unable to see this be-

LR

causce lla‘ t|1- *ilLIItI Of | IIL' }"-irilt 10N l‘k‘f\\'k'L‘Il [1~iI kix\ \re .tllki software as "_,}=\.ui. ite (Cl.

7 )

section 9D, p. 228). The second tlaw in Rosen’s argument is that it simply fails to




IN DEFENSE OF MECHANISM

recognize the possibility that there can be direct causal links between the hardware
components of 2 machine, as well as links via software, and there is no reason why
these links cannot form loops. Indeed, as I show in the discussion of Turing ma-
chines, it is of the essence of a Turing machine that there are such closed loops. |
think the explanation for Rosen’s failure to see this is reasonably straightforward.
In the argument presented in chapter 9 of Life Itself, Rosen treats hardware as what-
ever it is that executes a mapping from inputs to outputs. Given a simple function
f: A — B, which Rosen takes to represent a component of a machine, f constitutes
the hardware that, as Rosen puts it, induces the software tlow from the input set A
to the output set B. He is at pains to point out, in section 9B (p. 222) that the hard-
ware and the flows it induces are difterent things and that the essence of hardware
is to generate tlows (p. 224). As a result of this way of looking at things, when he co-
mes to consider a system with more than one component (cf. Figure 9C.2, p. 224),
he assumes that all components are of the same type and that the only function of
the hardware is to induce flows on software. He simply misses the possibility that
there can be direct links between the difterent hardware components representing
other types of causal interaction than the generation of software flows. The kind of
causal interaction needed can be described as a “component—component” interac-
tion. There is no argument in Life Itself to say that such interactions cannot exist in
machines, and in fact they both can and do exist. The combined eftect of the two
flaws is to make Rosen’s picture of what can be done with machines irretrievably
narrow and limited.

Points 11 to 18 of the argument (Rosen, 1991) depend entirely on the earlier
points. They contribute nothing extra. Because the earlier points do not in fact sup-
port the claims made, the argument as a whole fails. The failure of the argument
shows that machine models of organisms are pertectly possible, but it also shows that
Rosen’s criterion, which claims that a material system is an organism ifand only if it is
closed to efficient causation, is invalid. Both organisms and machines can be closed
toefficient causation, but such closure does not turn a machine into an organism.

[t remains possible that Rosen’s (1991) positive proposal, based on the concept of
an (M,R)-system, provides a different criterion for distinguishing organisms from
machines. However, the description of an (M,R)-system in Life Itself is muddled and

Y\
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inconsistent and has been criticized bv Landauer and Bellman (2002). In anv case.

the crucial concept of self-replication was shown to be consistent with mechanistic

hypotheses by John von Neumann as early as 1948 (c.t. Aspray & Burks, 1987, chap-
ter 10). The entailment of replication by the functions of metabolism and repair is,
therefore, unlikely to distinguish organisms from machines. Rosen (1991) claimed
that von Neumann's construction rests on an equivocation between software and
hardware (p. 234), but that is not correct. Von Neumann'’s discussion of the logic of
self-reproduction made clear and consistent use of the distinction between hardware
and software. He showed that amachine can, in principle, reproduce itselt if it has ac-
cesstoastore ol L_'IL‘IHL‘]IMI'\' pParts (ll‘miu'.nﬂ :llh.l contains a sei ut'lmlructiuna lhﬂf(-
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ROSEN’S CONTRADICTORY ACCOUNTS
OF OPEN SYSTEMS

The argument of Life Itself (Rosen, 1991) is the major, but not the only, source of
Rosen’s antimechanism. In Essays on Life Itself (Rosen, 2000), a collection of papers
written mainly after Life [tself was published and brought to press by Rosen’s daugh-
ter after his xik‘-.if&l. other I_{.’liirk'x_i ATZUIMeEnts carn be Ir‘*lIIh]. Une such type OI argu-
ment concerns 4 distinction between Hllllg‘lu' and ¢ ‘-HU"IL'?\ systems that Rosen use \.l.
to argue for the fundamental separation of organisms from machines. | he argu-
ment is different in form from the central argument of Life Itself and is worth sepa-
rate comment. It centers on the concept of an open system and tackles the ques-
tion of how open systems can be made amenable to analytical study. Difterent
versions of the argument appear in two chapters of Essays on Life Itself. They come
to contradictory conclusions.

.1 .

In chapter | ot Essays on Life Itself, Rosen (2000) discussed open systems in the

iV r

context of Schrodinger's (1944) tamous essay What Is Life? In the section of chap-
ter | t'?””]k'\i s I [1( }'t rcing or\ \PL'H :“\“Tt'”l"-,“ H SCT ._!L'T!Hkxl [N Open system as I *!-

lows: “A system that is open in any sense is one whose behaviors depend on some-

] 1 '
NNy i'lilhhit‘ I}tL' svVsiem ”““Ch‘ \‘x]'lk"I'L*.i* 11 Im] svstem, there s no ~'tll'~hlt'

TRTRTR

(Rosen, 2000, p. 21). Rosen says that physics has typically had trouble in modeling

|

open systems and that one way to deal with them is to try to internalize the external

Hl”lik'[]k CSSOAds tover 4 }“l'._"_fl.'l' sVSiem II'LII 1S ¢ l sC U nilxi IH‘LIL‘ i 1th ] 11, OWevelr,

he savs. this strategv does not generally work

end up with in this tashion is
e T.Iu.fII T1T|l.' One !

Ut such a strareom

After some further discussion of other possibilities for augmenting «
waﬂ ki'lltll.lulk'ui llmf IilL' i'L‘*«lll[lH*_ﬁ Ill*mlk_l“ 1 ‘Jl] NOU vener 1;!
further expansions of the model to include more of the external force
the system are needed. At this point, he says, “we have a glimpse of an 1
finite regress establishing itselt” (p. 24). The regress can be avoided,
Tl'll.’ [OTCes lIIIi..‘I?I,l[I;L‘\i 1L Stagce N of an CXPANsSION Process ll.i‘hk' R

L'.iI]IL'!' SLAVES.
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pressed in terms of the preceding N — | stages, and not requiring a new |
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['hus replication is not just a formal means of breaking off a devastating infinite re-

gress, but it serves to stabilize the open system we arrived at in the Nth stage. (p. 24)

At this point the crux of the argument has been reached. Rosen claims that the
price to be paid for escaping the infinite regress is that the systems thus arrived at

are complex, noncomputable, and contain closed loops.

Breaking oft such an infinite regress does not come for free. For it to happen, the
oraphs to which we have drawn attention, and which arise in successively more
complicated forms at each step of the process, must fold back on each other in un-
[“‘I’L'k'LKiL‘IITL\l ways. In the Process, we create (among t*T_]IL‘I' ll'll!}‘_!*‘ Lll]'“'l..'tl IMHPH t_‘*tl
efficient causation. Systems of this type cannot be simulated by finite-state ma-
chines (e.g., Turing machines); hence they themselves are not machines or mecha-
nisms. In formal terms, they manitest impredicative loops. I call these systems com

plex. (p. 24)

T'he particular point to notice is the claim that it is the process of breaking off the
infinite regress of system expansions that generates complex systems.

The argument in chapter 1 (Rosen, 2000) contradicts and is contradicted by
another of Rosen’s arguments in chapter 20 of Essays on Life Itself. In chapter 20
Rosen discusses the differences between therapeutic interventions in medicine
and control engineering. His target is the idea that an organism is a biological
machine. If this were so, he says, we would expect therapies to have few or no
side effects, whereas in practice side etfects are the rule. To explain why this is

the case, Rosen constructs an argument that uses temperature control as an ex-

ample. A room without temperature control is an instance of an open system. If

the room is large the temperature may appear to be constant, but it will eventu-
ally change “because the room is open to ambient influences we do not see di-
rectly” (p. 299). A first level of control over the room temperature can be
achieved by installing a thermostat. However, to close the room to the eftects of
changes in the ambient temperature in this way, the system as a whole has had

O I‘*L‘ L'HE.!T‘_:'L‘L.!.

[ he thermostat itself is new material structure, which we have had to bring into the
system to control the eftects of unpredictable temperature tluctuations. The thermo-
stat closes the room oft to ambient rcmperature, but it itself is now open to other in-
teractions—i.e., to new sources of noise. For instance, parts of it may corrode because

of humidity and oxygen in the air in our room. ... We may indeed end up with more

¥ . Tl

noise than we had originally. (pp. 300-301)

.\'N[IU_' [hL' Strony }“‘;lr;i”tl |IL'rL' u'llll Illt.‘ [irst L*.\.-IIH[”*[L‘. Il] Lnu_'il CASC, [|1r; ettect of 1n-
Il.'”];l]l:lll‘_f a source ol Hiﬂ‘*ﬂ..' OF ¢« ‘}'"‘L‘IIHL'“‘* 1S 1O [‘I't H.{UL'L‘. [“HM‘HII'.I”\'. d 1Nore HPL'H Or
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tem to bring the new sources of noise under control and again the possibility of an

infinite reegress is noted:

|
vEer$L L fll!"‘ "-;T!I; el 1IHI“‘['~.'. WC SCC dll HHicipici

N arising here 1s
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infinite regress can be b A(p. 301)
] )
As with the first example, Rosen says that
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[ he contradictory nature ot the two are Nts cited 1s pertecthy
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break point leads to simple systems. In one case he argues that complexity is the re-

| " o i
sult of system closure, in the other that complex systems are “infinitely open.” | he
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Both organisms and machines are systems with closed causal loops and the distinc-
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tion between complex and simple svstems, if there is one, does not demarcate or-

. 1
ganisms rom NT}]CI' macnines.

ROSEN’S SUBORDINATE ARGUMENTS

Life Itself (Rosen, 1991) and Essays on Life Itself (Rosen, 2000) also contain subordi-

nate arguments that deserve mention. An argument that is largely implicit in Life
[tself but which is given greater prominence in Essays on Life Itself claims that ma-
chines cannot contain closed causal loops because such loops are “impredicative”
and are forbidden in tformal systems such as Turing’s. One instance of this argu-
ment, from Rosen’s autobiographical sketch, was mentioned in the introduction.

} {k‘I'a' 1S ANOA I’lL‘I'i

Impredicativity ... was identified as the culprit in the paradoxes springing up in Set

heory. Something was impredicative ... if it could be defined only in terms of a total

ity to which it itself had to belong. ... Formalizations are simple systems (in my sense)
ind, in particular, cannot manifest impredicativities or self-reterences or “vicious cir-
cles.” This is precisely why such a simple world seemed to provide a mathematical
Eden, inherently free trom paradox and inconsistency. Alas, as Godel showed, it was
Uso free of most of mathematics. We cannot dispense with impredicativity without si-

‘ . l 1 i FaTe e y Y )
1111111 '.Tlt=‘ll“~1‘1 1:""!II" MOoOst O what we want i ']'I-'L'“‘t'T“\u'. ll\a!*-l'li. LANN, I\]\-—-k]" ...")‘}1

[here are several flaws in this argument. One is the implicit claim that all closed
loops are impredicative. They are not: The closed loops in the finite state control
automata of Turing machines are not necessarily detined impredicatively, although
they may be. Thus, closed causal loops could be found in machines even it
impredicative loops were forbidden. Another is the claim that formalizations can-
not manifest selt-references. They both can and do. The recursive definitions that
[uring used in the construction of his universal machine are frequently self-
referential. Third, it is misleading to suggest that impredicativity was identified as
the culprit in the paradoxes identified in set theory. It is true that Bertrand Russell

thought it to be the source of the problem, at least with respect to the paradox that
he devised (cf. Whitehead & Russell, 1925), but it has been clear since the analysis
of Godel (1944) that impredicative properties are troublesome only under very spe-
cial circumstances. The idea, therefore, that abstract machines such as Turing ma-
k}HHL"' CANNOTL ¢ \llli"lf ( |1 “‘“k'\i CAdUsS !i !1 OPS }‘L‘k.illHL‘ Illt_"w' AI'C JIHAI\M IIHPI*L‘JILJH\L'
and hence forbidden is mistaken.

A second argument, related to the first, is the claim that machines are, as Rosen
(2000) put it, nongeneric, exceptionally rare, and feeble in their entailment struc-
tures. | he point is hinted at in the preceding quote with the idea that formalization

loses most of what is needed from mathematics and that tormalizations cannot

“manifest” impredicative loops. In another passage from Essays on Life Itself Rosen
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sums up his view of the attempts at formalization that he attributes to Hilbert's

program:

[ he status of all these tormalizations is informative. T hey turn out to be infinitely fee
ble compared with the original mathematical systems they attempted to obj
Il‘xitik'x']., IELU‘\L' .nTTa'IIl;"f‘ LO SeCure IlL.’:T!Ik'I;l irics irom p :T'.!\,I' X i‘

bility, or tormalizability, end up by losing most of it. his is one «
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One claim that Rosen seems to be making in this quotation is that self-reterential
statements cannot be constructed, and hence are not expressible, in formal systems.
That appears to be the force of the suggestion that they “fall outside™ a formalization.
['his shows a misunderstanding of what Godel achieved. The point that Gadel
(1931) made was not that VOu Cannot express or construct 4 self-reterential state-
ment in a formal system. It was precisely the opposite. Godel showed that you could
construct a self-referential statement as a well tormed formula of any formal system
powerful enough to contain arithmetic. In the sketch ot his proof at the start of the fa-
mous 1931 paper, having explained how formulas of Russell and Whitehead’s system
Principia Mathematica (PM) could be used to express metamathematical notions (ct.
Whitehead & Russell, 1925), Godel went on to explain that the proot rested on the
construction of a specific proposition using the formalism of PM: “We now construct
an undecidable proposition of the system PM, that is, a proposition A for which nei-

y | 1 1

ther A nor not-A I\[‘rt~\.t}WL*H ({ hi;lrl. 195 I,i“, 14/). llik'LIllLiitl}‘tWIiI was that the
undecidable proposition was both syntactically well formed and asserted its own
unprovability. From this Godel showed that if the formal system containing the
proposition was consistent, the proposition had to be true and hence unreachable by
A I”ll!L'“LRi.lkllkk't‘Ililtfgujlh k“\l[tﬁlllllk'.i\]iﬂll“. Eikll“tllL'[tﬂTlldl SVYSTEIN wWas 1Inconmi-
plete. The proof rests on a fundamental distinction between constructibility and

provability that Rosen seems not to have fully grasped. A short but telling passage

from Life Itself (Rosen, 1991) supports this suggestion:
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[ he crucial point, which Rosen explicitly fudges, is that unprovable propositions
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this point that distinguishes constructible, but unprovable, propositions from theo-
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rems of the system. To say, therefore, that unprovable propositions are “in some
sense’ theorems clouds exactly the distinction that needs to be l\'cpl clear. The dis-
tinction between constructibility and provability undermines the claim that closed
or impredicative loops cannot be expressed in formal systems.

A second point that Rosen (2000) makes is that formalizations are in some

sense “infinitely feeble.” Rosen repeatedly asserts that mechanisms are a vanish-

ingly small proportion of mathematical systems. The assertion rests, I think, on the
distinction between countable and uncountable infinities. This distinction was
originally made by the mathematician Georg Cantor in the late 19th century (Can-
tor, 1891). Cantor showed, using the technique of diagonalization, that, in a strictly
definable sense, there are infinitely many more real numbers than natural numbers
even though there are infinitely many of these. The natural numbers are countably
infinite, but the real numbers are uncountably infinite. Turing machines can be
paired one for one with the natural numbers and this shows that there are
countably, infinitely many of them. In comparison with the uncountably infinite
number of real numbers, the Turing machines can be said to be a vanishingly small
proportion of mathematical systems.

[t is very hard, however, to know what to make of the distinction between
countable and uncountable infinities because the sizes, even of countably infinite
collections, violate our evervday intuitions about collections of things. If one
II]IH[\\. tO1 examplie, about natural ItlIIH]‘Cf\. I seems O common sense [I].l[ the
totality of them can be divided into two halves, the odd numbers and the even
ones. For any finite totality that is divisible into two halves, each half clearly has
halt as many members as the totality. If | have tive green apples and tive red ones
[ have ten apples in total with the green apples forming half the totality and the
red ones the other half. By the same token, because there are n odd numbers and
n even numbers, there should be Zn natural numbers in total. But it isn't so. Infi-
nite totalities don't work like that. There are exactly as many odd numbers as
there are natural numbers and exactly as many even ones. Countably infinite to-
talities are all of the same size although they appear to common sense to have
different numbers ot elements. Given this, it is very hard to know what follows
from the fact that countable infinities are infinitely small compared with un-
countable ones although there is a clear mathematical sense in which this is so.
What Rosen (2000) is suggesting seems to rely on combining this point with the
supposed exclusion of closed loops from the world of machines. Look, he says,
the collection of machines is infinitely small by comparison with the collection of
real numbers. Moreover, there are no closed loops in the collection of machines.
[hus this collection must be infinitely feeble in the properties it can express. If it
really were the case that there were no closed loops in machines, the argument

HHLII]T ll.l\ ¢ some force. As 1t 1S, We Il.i\ C lI]tll'll[L‘l\' many Ill;l(llil’lt‘\ WHI"I dS Inany

closed loops as we care to define. That is a perfectly satistactory foundation on

which to construct a mathematical account of biological, and for that matter

SV h* "I‘ "LflLlll. SVSIEems.




CAUSAL LOOPS IN TURING MACHINES

The principal line of defense to Rosen’s (1991) antimechanist claim does not de-
pend on the fact that Rosen’s arguments about open systems are contradictory or
that the central argument of Life Itself is unsound. The principal defense of mecha-
nism rests on the demonstration that Turing machines, which underpin mathemat-
ical and computational thinking about mechanisms, contain closed causal loops.
['his demonstration falsifies Rosen’s fundamental claim. A Turing machine is an
abstract entity but one that could pertectly well be built. In this section | provide a
very brief introduction to Turing machines focused on the issue of closed loops. A
full account of Turing’s work and its place in psychology can be found in Wells
(2006). Readers are also encouraged to study luring (1936), the seminal paper in
which Turing set out his theory.

| in a paper-and-pencil

A Turing machine is a model of a human agent engagec
calculation. This simple fact is not oiten mentioned in psychological discussions of
computational models, but it is of great significance and bears consideration by
ecological psychologists. I shall take a few moments to comment on it in the light of
l‘:.t ‘*L'Il"‘- k‘[‘ﬁTL'!HL ‘{* }24 f}‘l.ll CONSTItutes FI”!L‘ iramews IL [Or1 111* t *I“It.'kl'lu 1S 1O A [HH#.‘
models. Rosen (1991) said, as reported in the overview, that the primary feature of
natural law is to bring systems of causal entailment in the external world into corre-
SPX 'rllx_iL'TH. e with systems of IHIL'R'HTH! entailment in the inner world ot the selt. He
also made the important point that one could start from either side. Starting from
the external world, the primary entity is a natural system whose causal entailments
one attempts to discover and model in formal terms. Starting from the internal
side, the primary entity is a formal system for whose inferential entailments one at.
tempts to find a matching natural system. One of Rosen’s principal objections to
the machine metaphor, particularly in the form in which it was inherited from Des-
cartes, was precisely that it started from a formal model and attempted t

phenomena of lite to fit that model. Even worse, the Cartesian machine metaphor
was incompletely specified. Near the beginning of Life Itself, in a discussion of Des-

3
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What he had observed was simply that auton
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;'.'-'IJ-.L I EH:‘ Wds + il "}]t' 11l illltt‘ 2415 71!1 i, O]
logy, even today. Descartes took this tatetul st
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[t appears tfrom what Rosen says later in the book that, at the time of writing it, he

telt there was still no canonical machine model on which to base his assessment. At

IIIL‘ start ol kl'l.l[‘-h‘l T [OT L.\J”]PIL" IIL‘ refers to ”[lli_' VAYLUIC CONC L'}'I O N ae lW_lIlL'"

|

(p.182) and although he refers to Turing in that chapter, he does so in a way tha




IN DEFENSE OF MECHANISM Y

suggests he was unaware of the derivation of Turing’s machine model from the ex-
ample of a human calculating with paper and pencil. Had he been aware of this der-
ivation he would hardly have claimed as he did (p. 185) that Turing machines are

the formal counterparts of clockwork, that is, the machinery that drives the hands

of a clock, and he would also hardly have claimed that his quasi-Newtonian defini-
tion of an algorithm in section 7C of Life [tself “is essentially a Turing machine” (p.
189). Neither of these claims is accurate. It is a great pity that Rosen was unaware
of the origins of Turing’s modeling enterprise because Turing machines are exactly
the kinds of models that Rosen proposes are needed to embody natural law. Turing
began by observing the natural system of causal relations that is involved in a pa-
per-and-pencil computation. From this he abstracted what he felt were the essen-
tial components and used these to construct his formal model. He was then able to
use the model in the way Rosen says that models should be used, to reflect on and
reason about causal relations in the natural system modeled. One important result
was the construction of the universal machine, which is a simulator par excellence.
What the universal machine shows is not, as Rosen asserts, that simulation hides
the details of the modeled system from the observer. Quite the contrary: a simula-
tion makes available in an explicit symbolic format the dertails of the entailment
structures that the model expresses. Turing’s universal machine also demonstrates
why symbolic notations are so important for almost all systematic human activities.
Among other important characteristics, they make available, in forms that do not
have to be remembered, structures of inferential entailment that model causal rela-
tions in the external world that we tind usetul or pleasing or both.

The Turing machine has two primary components, a finite control automaton,
which is a model of the mind of the human, and a one-dimensional tape, which is a
model of the Paper on which a human writes out a calculation. For present pur-
poses, the structure of the finite control automaton is of particular importance.
Closed causal loops are most evident there, although they are also found in the dy-
namic relation between the automaton and the tape. Turing machines were origi-
nally devised to explore the issue of effectiveness in calculation, and the numbers
they can compute, which are called the computable numbers, are a subset of the

real numbers and include irrational numbers like pi, which have infinite decimal

expansions. | he opening sentence of Turing’s (1936) paper makes a point that is of
fundamental importance in this context. He said, “The ‘computable’ numbers may
be described brietly as the real numbers whose expressions as a decimal are calcula-
ble by finite means” (p. 230). The point to note is that computable numbers like pi,
which have indefinitely long decimal expansions, are nevertheless said to be calcu-
lable by “ftinite means.” What this means is that a finite structure or set of re-

sources, the umnrrnl AUTOomaton, I]‘Li! 1S JL'T!I]L\] 11 JJ\';HIL‘L'HT IIIL' Lﬁi'L'llLlIiHl] 1S sut-

ficient to produce the endless sequence of digits representing a number like pi. The
way this is done, and has to be done, is to build the finite control structure with
components connected in loops whose processing can be iterated as many times as

necessary. It is thus of the essence of a Turing machine that its fixed processing re-
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sources are structured as one or more closed loops. It is precisely because this is so
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amples briefly. Much more extensive discussion can be found in Wells (200¢

The first example is one of the simplest Turing machines imaginable. It was de-
fined by Turing in his 1936 paper and outputs the endless sequence 010101 ... . |
shall call the machine TM1. The finite control automaton ot 1 M1 has tour inter-

§ i] STALES, kk]}lx ]} WC Cdll C !il kll y 4 :~ . ;i 1519 Hpi. I ]lk'ﬁa'. L 4]&3& (1% fih , Cdll D¢ \{L“'
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among the parts of a Turing machine in an abstract way. | he concept of state,
1s defined and us a\_l in luring m: ulmu theory, is very difterent from th
state used by Rosen (1991) in Life Itself. In Turing machine theon
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the “configurations” of TM1 as its arguments. A configuration is an ordered paii
consisting of an internal state and an input. One function determines the next
state of TM 1, the other its O . T he next state function is more important for
present purposes. | his function is a map from Q to Q and is implemented as a

closed loop of entailments. The starting state of the machine is gl: -i]i entails g, g

1) entails g4, ang m}w |||--k'. LINCk > machine cvcles end

h this proc o loop. It is precisely ause the four internal states of
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] M1 is a machine and it has a closed causal loop of the kind that Rosen
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| M1, by itselt, is quite sufficient to rebut Rosen's (1991)
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| M1, HP has tour internal states, but whereas | M1 has a
necting its states, HP has six closed loops. In addition, it also makes use of closed
loops connecting its internal states with symbol structures on its tape, which is its
environment. | his is not a feature of TM1. Most Turing machines are like HP in
this respect, however, and it is partly because these machines havi
connecting their internal states to their environments that they
such interest and importance to ecological psychology.

Finally, it is worth remarking that universal Turing machines, the abstract an
cestors of contemporary digital computers, exhibit complex patterns of closed
loops to implement their processing. It is not possible to construct a universal ma

chine that does not have such loops and they involve both hardware and sottware.
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Thus it is of the essence of Turine machines. in eeneral. that thev contain closed

LﬂlU“’uil ]l W ‘P"-.

ROSEN AND ECOLOGICAL PSYCHOLOGY

Rosen’s principal concern in Life Itself (1991) and in Essays on Life Itself (2000) was

fundamental theory in biology, and he says relatively little that is specific to psy-
chology. The general thrust of his theorizing, however, appears to be antithetical to
the interests and motivations of ecological psychology. His epistemology, as the
overview shows. assumes a strong form of indirect realism. He also used the (un-
tenable) distinction between simple and complex systems to rule out at least some

of the methods that have been discussed tavorably in the ecological psychology lit-

erature, and his emphasis on the importance of closed loops of causation within the

oreanism ult‘\\'l]]“l.i\ - T[H_‘ ‘*1*;_{111”&..11]&&‘ Of The environment.

Organisms and Environments

Hn*w'll‘* (I“'}")“ L‘{‘iNIL'IHHIHL_{\' 1S COTIC L'?IIL‘..I \Hlll IllL‘ sources orf answers to "\\I'l\'”
L!lit_‘~11-~111*~ !1‘# WL Systems Of various "r\IEhi'n HL. PCTCCIVES d *]“k\ll'lll]‘i Of o ‘i“ll‘lllﬂt'\.
At one extreme are systems with components about which “why” questions can be
answered only by reference to the environment within which the system is embed-

ded. Accordine to his view. mechanisms are svstems of this kind:

" questions we can ask about such a system are unanswerable
nd theretore. must be reterred to its environment. Put another

(OS] L'li'!iIL'I:T“ i an abstrag : CK di oram arising from a l]lL'uh.Hll‘“I'll AlC

| 3 M i \
ntailed. (pp. 248-24Y)

H “*L'fl‘“ View 1S that organisms lluﬁ It the MIM';I' L‘Ih{ O1 II]L‘ *["“U_II'HHL I! 1S *__‘,L_'IIL‘I'J”\',
I*”; LI.III]I“, ]mwll‘ C (O answer "ul}\“ JUESTIONS aDout organisms rom ‘s\'lll]ll} [l]L‘ Or-

ALLISTT without f!il.' Ilk’L'-.,! 1O []i.ll\k' reference to i'lL' cnvironmendt:

My ¢l that oreanisms lie at the other extreme as tar as entailment is concerned.

My claim is 1
1 | 1] , |'

[heir abstract block diagrams manifest maximal entailment; in particular, if f denotes a

component of such a system, the question “why f 7" has an answer, in terms of etti-

client causation, withun the svstem. (] /449)

Setting aside for the sake of the discussion the fact that the distinction between
mechanisms and oreganisms does not hold for the reasons discussed earlier, it is curi-
Ous, iven Rosen's view Of OrZanisms as L‘~-'-L*Illl;l|l\' \L’Ilftt *Il[.illlml SVYSTCms, Ih;l[ CCO-
logical psychologists should view his work favorably. As the quotations show,

Rosen's view implies that organisms can be understood as largely independent of




62 WELLS

their environments, whereas it 1s a fundamental principle of ecological psychology
- |

that organisms and their environments exist in relationships of mutuality and reci-

Procit Lllhi that k‘.lkll has to be llllxlt‘l’ﬂ(th "xi in terms of [hL‘ other. | his has always

been a clear feature ot Gibson's (19/9/1986) w« rk:

l ]lu 1ACT 1S Wi *11!1 ['L'IIIK'IH%\L'IIIIE_T ]“L.'L luse 1t 1s so ofren In_'-_'lL’kax{ Tli | T!n' W -.*I.l- dnimadi
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could exist without an environment surrounding it. Egually, although not so obvious,

an environment implies an animal (or at least an organism) to be surrounded. (p. 8)
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causal loops connecting the animal to the environment. Gibson was very clear
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ment in the classical representationalist sense that ecological psychologists reject.

He also, as reported earlier, specifically endorses the traditional view of perception

as indirect:

ointed out tor millennia, all we perceive directly

. ;'. 11 1 ™11 .]‘ T T -
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the ambience). (p. 56)

One turther corollary of Rosen’s emphasis on the organism as an essentially
self-explanatory system, all of whose “why” questions have intrasystemic answers,
1s a denial of the value of evolutionary explanation.

lo me, 1t 1s easy to conceive of life, and hence biology, without evolution. But not of
evolution without life. Thus, evolution is a corollary of the living, the consequence ot

specialized somatic activities, and not the other way around. ... Biology is wrapped up
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with soma and how it operates; thus we cannot invoke evolution as an explanatory or

causal principle for these purposes. (p. 255)

Once again the contrast with Gibson’s (1966) views is striking. The facts of evolu-
tion came to play a central part in the development of his ecological theory of vi-

sual perception.

The tact of information in the light falling upon an organism, is the situation to
which animals have adapted in the evolution of ocular systems. The visual organs
of the spider, the bee, the octopus, the rabbit, and man are so different from one
another that it is a question whether they should all be called eves, but they share
in common the ability to perceive certain features of the surrounding world when it
is illuminated. The realization that eyes have evolved to permit perception, not to
induce sensations, is the clue to a new understanding of human vision itself.

(p. 155)

Methodological Issues

One of the consequences of Rosen’s (1991) mistaken supposition that machines
cannot exhibit closed causal loops was the distinction between what he called sim-
ple and complex systems. All mechanisms and all systems that could be simulated on
computers were said to be simple. A system was complex if, and only if, it had
noncomputable models. This claim, alone, has a consequence that ought to make
ecological psychologists wary of Rosen’s work. The consequence is that dynamical
systems theory is an inadequate theoretical basis for the study of living systems.
The reason tfor this is that it is based on computable equations. Rosen (2000) was

Lite L!tﬂi!‘ .l]‘ullI ITS Insutfnciency:

I ) ASSEeTt I]l-if oreanisms, ol iHIHLiI] sVSTems, are T]lll'\ Ll‘llll“lt.'.\* 1S d I.luilk‘ll lhi!l*_{ It'-u.lt*.
For one thing, it says that differential equations, and systems of difterential equations
(i.e. dynamical systems), which are inherently simulable, miss most of the reality of a
complex system ... just as any attempt to formalize, for example, Number Theory

3

misses most of its theorems. (p.325)

Many ecological psychologists believe that dynamical systems theory offers a par-
ticularly useful set of tools for studying the complex interplay of organismic and en-
vironmental variables that characterizes human situated activity. If Rosen were

correct, this beliet would be erroneous. I should perhaps add that the claim made

by some proponents of dynamical systems theory, for example Port and van Gelder

(1995), that dynamical systems approaches are an alternative to computational

ones is also a mistake. Rosen was right about that.
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CONCLUSION

[ he antimecl - Robert Rosen have bee d b 1e ecological
e antimechanist arguments of Robert Rosen have been used by some ecologica
psychologists to support an attack on computational methods and mechanist
thinking generally. Close examination of Rosen’s views shows that his epistemol-
ogy assumes a strong form of indirect realism and his arguments, if valid, would
. . |
constitute a denial of some of the fundamental principles on which ecological psy-
chology is based. However, his arguments are not valid and do not show that organ-
isms have properties that cannot be captured by machine models. For me this is im-

portant because | believe that antimechanist thinking in contemporary ecological

psychology is based on a restricted view of the possible types of computational

models and is acting as a barrier to the development of a genuinely ecological form
of computational psychology. Computational thinking in psychology need not, and
should not, be tied to models derived from stored-program serial digital computers.
A genuine alternative, which is distinctively ecological, can be built on the founda-
tions laid by Turing in his groundbreaking paper of 1936. In recognition of the strik-
ing parallels between Turing’s work and Gibson's (1979/1986) ecological approach,
| have suggested that the alternative approach should be called ecological function
alism (Wells, 2006). Had Rosen been aware of the possibilities that open up when
one combines lTuring’s (1936) account of inferential entailment in the world of ma
chines with Gibson's (1979/1986) account of causal entailment in the ecological

world. | think he might have reconsidered his antimechanism.
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THE BEHAVIORAL
GENETICS OF
PSYCHOPATHOLOGY
A Clinical Guide

KERRY L. JANG, University of British

New discoveries about the genetic underpinnings of
many kinds of human experience are now constantly
being made. This book explores the impact of these
discoveries on the ways in which the common mental
disorders are best i.t"ﬂkl'PtUJ“/t‘d and treated

Most people think of research in genetics as the search
for genes. This is only one focus of ettort, and even with
the reliable identitication of susceptibility genes, the
clinical applications of their discovery, such as gene

therapies and new drug development, are a long way
off. For the present, the impact of genetic research on
our understanding of mental illness 1s tied to our ability to estimate the ettect of all genes by

means of family, twin, and adoption studies. The results of these studies challenge some
deeply cherished ideas and theories, and support others

Ut course, ”‘:t' ettect Oof genes 1s UH'\ ihl“ ”‘lt' t‘L!lll!Tll'H H]t‘ I'Hlt‘ Ol t‘\!"t‘!'lt'lh't', environment,
and living conditions accounts for as much, often considerably more, of the variability In
psychopathology. In this book, Kerry Jang attempts not to answer questions about what 1s
“genetic” and what is not, but about what a knowledge of the relative intfluence of genes
versus environment means at a psychological level of analysis—to show how it changes
common assumptions about classification, etiology ki:Lr;gnmla_ and intervention

He first offers an overview of contemporary behavioral genetics, dispels common miscon-
ceptions, responds to the criticisms that have been leveled at this new held, and describes in
basic terms how genetic and environmental effects are estimated and how susceptibility
genes are pinpointed. He then points to new directions in which standard nosological

svstems are likelv to evolve as new information about vulnerabilities and covariances
emerges. Finally, he synthesizes and evaluates the consistency of the last decade’s findings

for the most common categories of psychopathology that have been studied by behavior
geneticists: mood, personality, and anxiety disorders, substance abuse; and schizophrenia
thi the !‘“ﬂt hotic disorders

Cinicians and researchers alike need to understand the genetic influences on the fteelings
and behaviors they are seeking to change or study il they are to be ettective in their
J" | (]

work. The Behavioral Genetics of Psychopathology: A Clinical Guide empowers them with

this understanding
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PARENTING

An Ecological Perspective,
Second Edition
Edited by

PARENTING TOM LUSTER, Michigan State University

LYNN OKAGAKIL, Purdue University

| | AGAKI, Pi
An Ecological Perspective |
- L MONOGRAPHS IN PARENTING SERIES

Second FEdinon

Parenting: An Ecological Perspective was originally
created in 1993 to answer quvstmna such as: Why
do parents differ markedly in the ways in w hich
they care for their children? What factors
contribute to individual differences in parenting
behavior? The framework used for addressing
these questions is the ecological perspective devel-
oped by Urie Bronfenbrenner, who recognized that
children’s development is influenced by the inter-
actions that they have over time with the people, objects, and nxmhula in their
immediate environment.

Luster and Okagaki have updated the original text focusing on parental behavior and
also included 6 new chapters covering topics such as:
» Fathers/gender of parent;
» Children with special needs;
Ethnicity and socioeconomic status; and
Parent education.

[he text summarizes the latest research on factors that influence parenting, with each
chapter providing a look at one important influence and the linkages among these
various factors. An ecological perspective draws attention to the fact that the lives of
parents and children are intertwined, and that understanding factors that influence
parents is important for understanding the experiences of children.

Contents: M.H. Bornstein, Series Foreword: Monographs in Parenting. T. Luster, L. Okagaki,
Introduction. Part I: Characteristics of the Parents. L. Okagaki, G.E. Bingham, Parents’ Hnu..]l Cognitions
and |heir Parenting Behaviors. ). \(mdm H.B. Sysko, ). Belsky, Developmental Origins of Parenting;
Personality and Relationship Factors. T. Luster, ).L. Haddow, Adolescent Mothers and Their Children:
\n Ecological Perspective. R.D. Parke, J. Dennis, M.L. H\.'r K.L. Morris, M.S. Leidy, T.). Schofield,
Fathers: Cultural and Ecological Perspectives. Part 1I: acteristics of the Chuld. K.H. Karraker, P.K.
Coleman, The Effects of Child Characteristics on P’ m-ntmg R.M. Hodapp, T.M. Ly, Parenting
Children With Developmental Disabilities. Part 1Il: Contextual Influences on Parenting. ED.
Fincham, J.H. Hall, Parenting and the Marital Relationship. M. Cochran, S.K. Walker, Parenting

and Personal Social Networks. A.C. Crouter, S. McHale, The Long Arm of the Job Revisited:
Parenting in Dual-Earner Families. . Garbarino, C.P. Bradshaw, K. Kostelny, Neighborhood

and Community Influences on Parenting. B. Leyendecker, R.L. Harwood, L. Comparini,

A. Yalcinkaya, Socioeconomic Status, Ethnicity, and Parenting. D.R. Powell, Searches

tor What Works in Parenting Interventions. Part 1V: Parental Behavior and Children s

Development. L. Okagaki, T. Luster, Research on Parental Socialization of Child

Outcomes: Current Controversies and Future Directions
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