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Outtakes

Understand yourself
—

You are a purposeful controller

Approaches to introductions to

Perceptual Control Theory (PCT)
A new foundation for the sciences of life

     Dag Forssell, MSME, MBA
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2I	created	a	succession	of	five	presentations,	late	2016	through	mid	2019.		

First:		The Rubber Band Experiment in action.		
Well	received,	but	time-consuming;	not	enough	context	to	tell	the	story.	
Page	3	provides	a	highly	condensed	illustration,	with	references.	

Second:		Spelling out the scientific basis of PCT
Critique:		Too	long!		Too	theoretical!		What	is	in	it	for	me?		Tell	your	own	story!			
Pages	4–15	represent	this	presentation.	

Third:		Story with focus on psychology
Critique:		No	criticism	[of	psych],	please!		Make	it	interesting	for	everyone.		
Pages	16–18	deal	with	criticism	of	psychological	science.		(Restored	in	2019)

Fourth:		Know Yourself—Understand how you function
The	revolutionary	insight	of	PCT	is	relevant	throughout	the	life	sciences.		Story	of	
interest	to	everyone.		Clarity	about	descriptive	vs	generative	theories	and	progress	in	
coming	decades	and	centuries.	

Fifth:		Understand	yourself—You are a purposeful controller
Now	much	more	emphasis	on	scientific	revolutions	because	otherwise	PCT	is	pre-
posterous.		Control	is	the	explanation	for	purpose,	and	purpose	is	much	more	ac-
ceptable,	so	I	make	that	connection	repeatedly.	Interpretation	sci	method	moved.	

	 	 	 Dag	Forssell,		June	2019

For the current presentation, see http://www.livingcontrolsystems.com/intro
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The Rubber Band Experiment
Take two rubber bands, knot them together, and experiment with a partner...

- =

+

The scientific method, correctly considering four 
elements of a control system: Disturbance, Refer-
ence, Action, and controlled Variable becomes 
the Test for the Controlled Variable (TCV). 

Images	excerpted	from	illustrated	script:			http://www.livingcontrolsystems.com/RubberBand/RubberBand.pdf
See	also	page	331	ff	in	the	Book of Readings and Resources			http://www.livingcontrolsystems.com/readings/readings.html

Disturbances and controlled variables 
are normally hidden from view

Disturbance, Action, Controlled variable

Conflict gets exhaustingMultiple disturbances
Disturbance hidden

The Rubber Band Experiment 
provides plenty of surprise and  
insight as you play with it. 
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Perceptual  
Control Theory

Perceptual  
Control Theory

William T. (Bill) Powers  
1926 – 2013 

Originator of PCT

“If I can’t swallow the basis for an 
argument, I just can’t see any point 
in hearing the whole tedious thing 
worked out.”

It is all about Fundamentals

http://www.iapct.org/powers.html

http://www.livingcontrolsystems.com/authors/about_powers.html

Bill Powers’ work in the 20th 
century will prove to be as impor-
tant for the life sciences as Charles 
Darwin’s work in the 19th century. 

Frans X. Plooij, Ph.D. 

PCT is an innovation that destroys 
expertise on a massive scale

Mats Lundqvist, Ph.D.
Head, Chalmers University 
School of Entrepreneurship

Notes 

Bill Powers is one of the clearest 
and most original thinkers in the 
history of psychology. For decades 
he has explored with persistence and 
ingenuity the profound implications 
of the simple idea that biological 
organisms are control systems. 

His background in engineering 
allowed him to avoid many of the 
traps that have victimized even the 
best psychologists of the past. 

I believe his contributions will 
stand the test of time.

Henry Yin, Ph.D. Professor of
 Psychology & Neuroscience, 
Duke University, NC

It takes a certain genius for a per-
son to create something about which 
other people say to themselves “How 
obvious.  Why didn’t I think of that?”  
Once you understand it, you cannot 
easily go back to your previous way 
of seeing the world. 

Perceptual Control Theory (PCT) 
is a creation of that kind. 

However, simple exposure is not 
by itself sufficient for one to “see it”, 
as my own experience attests. 

You have to explore it for yourself, 
and you probably will not do that un-
less you have some reason to believe the 
exercise will be worth the effort.

Martin Taylor, Ph.D., P.Eng
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Dag C. Forssell 
1940 – 

Student of PCT since 1989. 

Archivist & videographer,  
Control Systems Group.

Publisher of 10 books on  
Perceptual Control Theory.

Mechanical Engineer, MBA

“If you want to understand 
what behavior is, how it works, 
and what it accomplishes, PCT 
is the only game in town.”

http://www.livingcontrolsystems.com/authors/about_forssell.html

Notes 
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ABSTRACT

This speculative essay concerns the origins of 
purposive behavior and proposes that this is 
identically the origin of life.  Negative feedback 
and control offer a self-selecting mechanism 
that accounts for the long-term stability of 
replication of the genome, and a related con-
cept of reorganization offers a rationale for the 
progress of evolved forms into those which 
exert greater and greater control over the local 
environment.  A picture emerges in which the 
basic principle of control runs like a unifying 
thread from the first living molecules to modern 
complex organisms.

Introduction

The concept of purpose has been in disrepute among 
scientists since they began to substitute a universe with 
properties for a universe run to suit the unfathom-
able purposes of a supernatural being.  But science 
itself eventually rediscovered purpose—internal 
purpose—when it evolved the concept of negative 
feedback control.  It is now possible to understand 
purpose as a natural phenomenon that emerges when 
a system attains a certain kind of organization in rela-
tion to its environment, the organization we know 
as that of a control system.  The question I address 
here is when this phenomenon appeared in nature 
(whether understood by science or not).  And the 
answer I propose is that it was the first phenomenon 
of life: the first step from a universe in which entropy 
and chaos held sway toward one in which purposes re-
siding in organisms direct external physical processes 
and create new physical relationships.

The origins of purpose:  
the first metasystem transitions

Control

In the following I will employ a concept of control 
that is different from, but perhaps not inconsistent 
with, the concepts put forth by Joslyn, Turchin, and 
Heylighen in this compendium.  The kind of control 
I mean is what Joslyn calls control-sub-2—closed-
loop feedback control, not control-sub-1, which is 
merely the attainment of an equilibrium condition 
or the appearance of a causal dependency.  There is 
certainly a principle of mutual constraint at work 
between a system that controls and an environment 
that is controlled.  But this mutual constraint is not 
symmetrical.  The reason for the asymmetry lies in a 
property of control systems called amplification.

A control system senses some aspect of its environ-
ment and produces actions bearing directly on that 
aspect.  With only this much definition, it would seem 
that the environment affects the control system just as 
much as the control system affects the environment, 
and that this relationship is symmetrical.

But a control system is a dissipative system; not 
only that, it is a dissipative system with a continuously 
renewable source of energy.  This allows amplifica-
tion to take place, a process whereby a small cause 
has a large effect, achieved by drawing on the stores 
of energy and bringing them to bear on the creation 
of narrowly-focused effects in the environment.  In 
general, the inanimate physical environment contains 
no such processes; for the most part, energy levels 
decrease as we follow processes of physical causation 
in the world outside of organisms.  The prototypes 
of systems with the capability for amplification are 
living systems.

Amplification permits organisms to vary their 
actions by a large amount in response to small devia-
tions of their inputs from neutral conditions called, 

William T. Powers 
in:

World Futures vol. 45 (special issue on The Quantum of Evolution,  
Heylighen F., Joslyn C. & Turchin V. (eds.)), p. 125-138 (1995)
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Ref:		http://www.livingcontrolsystems.com/intro_papers/evolution_purpose.pdf

Notes 



7

www.livingcontrolsystems.com	 ©	Dag	Forssell		2016-2019

Biochemistry / Enzymes 

Fig. 2. Simulation of system in Fig. 1.

Fig. 1. Biochemical system with annotations suggesting functions in a standard 
negative feedback control system.  

X4 is the controlled variable.  Redrawn from Hayashi and Sakamoto.2

A
X1 X2 X3 X4
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ei

Y3 Y1

Y2B
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en-
zyme
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signal
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power supply output
function
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feedback
path

403020100
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0.2

0

time (s)

[X
4]

(m
M

)

[B] = 0.3 mM

BiOChEMiSTrY-lEvEl COnTrOl 

The requirements for making a biochemical negative feedback control system are 
not complicated.  Consider Figure 1, from The dynamic analysis of enzyme systems 
by Hayashi and Sakamoto2.  The diagram shows a biochemical system in which an 
enzyme catalyzes the rate of one stage of the main reaction from substrate A through 
X1 to X4, and in which effects of the last product in the chain are connected back to 
the enzyme, so that the final stage of the reaction  affects a prior stage.

Ref:		http://www.livingcontrolsystems.com/intro_papers/neglected_phenomenon.pdf

Notes 



www.livingcontrolsystems.com	 ©	Dag	Forssell		2016-2019

8

Control within living cells

How dynein helps the cell find its
center: a servomechanical model
Richard B. Vallee and Stephanie A. Stehman

Departments of Pathology & Anatomy and Cell Biology, Columbia University College of Physicians and Surgeons, P&S 15-409,
630 W 168th St, New York, NY 10032, USA

Cytoplasmic dynein is the major minus-end-directed
microtubule motor protein in interphase cells. In
addition to its well-established roles in vesicular trans-
port and chromosome dynamics, cytoplasmic dynein
also associates with the cell cortex. From this site, it
appears to pull on the cytoplasmicmicrotubule network,
influencing mitotic spindle orientation, nuclear position
and other aspects of cell polarity and organization.
Recent evidence indicates that the cell has the remark-
able ability to calculate is geometric center, and, with
the help of dynein, to position the centrosome at this
central site. Here, we outline models to account for this
behavior.

Cytoplasmic dynein is a motor protein that generates force
toward the minus-ends of microtubules [1] (Box 1). It is
responsible for retrograde axonal transport and has
subsequently been implicated in the minus-end-directed
transport of a variety of vesicular organelles in diverse cell
types, several aspects of mitotic movement and regulation,
nuclear envelope breakdown and other subcellular func-
tions [1–7]. A relatively recent development is the finding
of cytoplasmic dynein associated with the cell cortex [3].
Dynein has been detected by immunocytochemistry at the
cortex of Drosophila oocytes [8] and acellular blastoderm-
stage embryos [9], as well as early Caenorhabditis elegans
embryos [10,11]. It surrounds the mitotic spindle in a
cortical belt from metaphase through anaphase in verte-
brate epithelial cells [12,13]. In these cases, interference
with dynein expression or function affects spindle

positioning, orientation and elongation [9–14]. Dynein
has also been detected in more discrete patches at the tips
of fungal hyphae [15] and at the cortex of meiotic fission
yeast cells [16], where it was implicated in nuclear
orientation and migration. Most recently, cytoplasmic
dynein has been observed at the leading edge of migrating
fibroblasts, where it has been proposed to regulate
directed cell movement [17]. In each of these diverse
situations, cortically associated dynein is thought to pull
on those microtubules that extend to the cortex, and by so
doing orient the entire microtubule cytoskeleton, along
with attached centrosomes, nucleus and other structures.
In support of this possibility, microtubule fragments in
cytoplasm of the yeast Saccharomyces cerevisiae have
been observed to migrate along the bud cortex, behavior
that was lacking in dynein mutant cells [18]. Although
dynein has been detected as occasional cortical spots in
these cells, the relationship of these structures to micro-
tubule movement or tension remains untested [19,20].

Centrosomes act as a nucleation and anchoring site for
the microtubule cytoskeleton. In many cell types, the
centrosome is found at the centroid, or geometric center of
the cell (Box 2), and its behavior can serve as a convenient
indicator of cortical dynein activity. In wounded fibroblast
and astrocyte monolayers, the centrosome becomes re-
oriented towards the leading cell edge as cells polarize and
migrate into the wound [21–23]. Recent live-cell imaging
of this process has shown that the centrosome actually
remains stationary at the centroid position while the
nucleus shifts toward the rear [24]. This behavior was
blocked by microinjection of antibodies against dynein or
by overexpression of the dynamitin subunit of the dynein

Box 1. Features and roles of cytoplasmic dynein

Cytoplasmic dynein is a multisubunit microtubule motor protein
involved in diverse cellular activities. These include transport and
distribution of endosomes, lysosomes, the Golgi apparatus, the
endoplasmic reticulum, mitotic chromosomes, diverse viruses and
mRNA particles. Cortically associated dynein is involved in centro-
some positioning, as described here, plus directed cell movement,
spindle orientation and nuclear migration. Cytoplasmic dynein
consists of two 530-kDa heavy-chain polypeptides. The C-terminal
motor domain in each heavy chain comprises a ring of six AAA
ATPase domains, with two large projections. One of these – the stalk
– binds to microtubules at its tip. The other – the stem – represents
the base of the molecule and binds to cargo through diverse
accessory subunits (intermediate, light-intermediate and light
chains).

Box 2. Role of motor proteins in cell polarity and movement

The most basic aspect of cell polarity is the distinction between the
cell center and its periphery – that is, between the inside and outside.
In undifferentiated cells, the microtubules, which emanate radially
from the centrosome, are ideally suited for this job. Microtubules are
polar polymers, with their so-called plus-ends directed outward. In
interphase cells, cytoplasmic dynein is responsible for almost all
minus-end-directed movements of intracellular membranous and
proteinaceous structures, whereas a variety of kinesin motor
proteins are responsible for movements towards the microtubule
plus ends. Cytoplasmic dynein has also been found associated with
the cell cortex, a largely actin-based cytoskeletal domain. From this
location, cytoplasmic dynein is unlikely to serve in transport. Rather,
it is thought to pull on microtubules. In this way, dynein is believed
to control the position of the centrosome, as discussed here, plus the
nucleus and the mitotic spindle.Corresponding author: Vallee, R.B. (rv2025@columbia.edu).

Available online 5 May 2005

Opinion TRENDS in Cell Biology Vol.15 No.6 June 2005

www.sciencedirect.com 0962-8924/$ - see front matter Q 2005 Elsevier Ltd. All rights reserved. doi:10.1016/j.tcb.2005.04.005
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stage embryos [9], as well as early Caenorhabditis elegans
embryos [10,11]. It surrounds the mitotic spindle in a
cortical belt from metaphase through anaphase in verte-
brate epithelial cells [12,13]. In these cases, interference
with dynein expression or function affects spindle

positioning, orientation and elongation [9–14]. Dynein
has also been detected in more discrete patches at the tips
of fungal hyphae [15] and at the cortex of meiotic fission
yeast cells [16], where it was implicated in nuclear
orientation and migration. Most recently, cytoplasmic
dynein has been observed at the leading edge of migrating
fibroblasts, where it has been proposed to regulate
directed cell movement [17]. In each of these diverse
situations, cortically associated dynein is thought to pull
on those microtubules that extend to the cortex, and by so
doing orient the entire microtubule cytoskeleton, along
with attached centrosomes, nucleus and other structures.
In support of this possibility, microtubule fragments in
cytoplasm of the yeast Saccharomyces cerevisiae have
been observed to migrate along the bud cortex, behavior
that was lacking in dynein mutant cells [18]. Although
dynein has been detected as occasional cortical spots in
these cells, the relationship of these structures to micro-
tubule movement or tension remains untested [19,20].

Centrosomes act as a nucleation and anchoring site for
the microtubule cytoskeleton. In many cell types, the
centrosome is found at the centroid, or geometric center of
the cell (Box 2), and its behavior can serve as a convenient
indicator of cortical dynein activity. In wounded fibroblast
and astrocyte monolayers, the centrosome becomes re-
oriented towards the leading cell edge as cells polarize and
migrate into the wound [21–23]. Recent live-cell imaging
of this process has shown that the centrosome actually
remains stationary at the centroid position while the
nucleus shifts toward the rear [24]. This behavior was
blocked by microinjection of antibodies against dynein or
by overexpression of the dynamitin subunit of the dynein

Box 1. Features and roles of cytoplasmic dynein

Cytoplasmic dynein is a multisubunit microtubule motor protein
involved in diverse cellular activities. These include transport and
distribution of endosomes, lysosomes, the Golgi apparatus, the
endoplasmic reticulum, mitotic chromosomes, diverse viruses and
mRNA particles. Cortically associated dynein is involved in centro-
some positioning, as described here, plus directed cell movement,
spindle orientation and nuclear migration. Cytoplasmic dynein
consists of two 530-kDa heavy-chain polypeptides. The C-terminal
motor domain in each heavy chain comprises a ring of six AAA
ATPase domains, with two large projections. One of these – the stalk
– binds to microtubules at its tip. The other – the stem – represents
the base of the molecule and binds to cargo through diverse
accessory subunits (intermediate, light-intermediate and light
chains).

Box 2. Role of motor proteins in cell polarity and movement

The most basic aspect of cell polarity is the distinction between the
cell center and its periphery – that is, between the inside and outside.
In undifferentiated cells, the microtubules, which emanate radially
from the centrosome, are ideally suited for this job. Microtubules are
polar polymers, with their so-called plus-ends directed outward. In
interphase cells, cytoplasmic dynein is responsible for almost all
minus-end-directed movements of intracellular membranous and
proteinaceous structures, whereas a variety of kinesin motor
proteins are responsible for movements towards the microtubule
plus ends. Cytoplasmic dynein has also been found associated with
the cell cortex, a largely actin-based cytoskeletal domain. From this
location, cytoplasmic dynein is unlikely to serve in transport. Rather,
it is thought to pull on microtubules. In this way, dynein is believed
to control the position of the centrosome, as discussed here, plus the
nucleus and the mitotic spindle.Corresponding author: Vallee, R.B. (rv2025@columbia.edu).
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models have been proposed for chromosome congression to
the metaphase plate in dividing cells (traction fiber model)
[33] as well as for the centration of centrosomes in the eggs
of the sand dollar [34]. In the latter case, this type of model
was prompted by the tendency of astral microtubule
arrays to become centered within microtubule-assembly-
competent regions of oocyte cytoplasm. These zones were
artificially created by bathing oocytes in the microtubule-
depolymerizing drug colcemid, and then destroying the
drug by localized UV irradiation [35]. Remarkably, the
asters became centered within these drug-inactivated
zones. Centration must, presumably, be attributable to
cytoplasmically generated forces, which were proposed to
be randomly distributed along the centrosome-anchored
microtubules. Whether dynein in particular was respon-
sible for the observed behavior of the asters is unknown.

In flat, asymmetric cells, cortical microtubule inter-
actions are possible along much of the microtubule
(e.g. Figure 1d). This allows for a mechanism in which
length-dependent force is exerted from the cortex as well
as, or instead of, from the cytoplasm (Figure 3, Model II).
Such mechanisms have been considered previously for
dividing vertebrate cells, although without direct evidence
for a cortical dynein role [14,36]. Although the locus of
force generation remains to be fully resolved, several
arguments suggest that cortical, as opposed to cyto-
plasmic, forces might be predominant in centrosome
centration in interphase cells. First, the number of plus-
and minus-end-directed vesicular movements along
microtubules in cultured cells has been reported to be
equivalent [37]. This observation raises the question as to
whether there is much of a net minus-end cytoplasmically
generated force, if any, on the microtubule cytoskeleton.
The cell cortex, by contrast, does contain dynein and has
not been reported to have an associated plus-end-directed
microtubule motor activity. The cortex is also a semi-rigid
structure and seems more likely to provide support for the
substantial forces that might be required to center the
microtubule cytoskeleton. That microtubule disassembly
at the edge of the cell affects centrosome position [28]
further supports a predominant role for cortically gener-
ated force. Intriguingly, residual microtubules at the site
of drug application retained their attachment to the cortex
until they broke (Figure 2c,d). These observations provide
dramatic direct evidence for cortically generated tension.

For the magnitude of dynein-generated force to be
related to microtubule length, individual microtubules
would also need to make contacts with cortical dynein
along their length. Such lateral interactions are consistent
with the reported sliding of microtubules along the yeast
bud cortex [18] and the cortex of Dictyostelium amoebae
[38], much as microtubules glide in vitro on coverslips
coated with purified dynein [1,39]. Cortical dynein has
been directly observed to be associated with the sides and
ends of individual microtubules at the bottom of migrating
fibroblasts using total internal reflection immunofluores-
cence microscopy (Figure 1b) [17]. These results support
the existence of lateral as well as end-on interactions
between microtubules and cortical dynein and allow for
the possibility that the number of cortical dynein contacts,
and, therefore, total dynein-generated force, could be

related to microtubule length. This possibility suggests a
potentially elegant mechanism for centration, at least in
flat cells: the further the centrosome is from one side of the
cell, the longer the microtubules at that side, and the
greater the restoring force (Figure 3c,d). Cortically
exerted forces would balance when the centrosome is at
the cell center. This arrangement would serve as a
mechanical calculator of centroid position in particular
if, on average, dynein interactions with microtubules were
generated from sites uniformly distributed throughout the
cell periphery. We refer to this as a servomechanical model
because the further the centrosome wanders from the
centroid position, the greater the restoring force.

“.cortically exerted forces would
balance when the centrosome is at the
cell center. and serve as a mechanical
calculator of centroid position”

How uniform are cortical dynein-generated forces?
Several factors would affect the distribution of these
forces. First, in cells in which microtubules clearly
emanate from the centrosome (Figure 1), microtubules
cannot readily contact the bottom and the top cortex of the
cell until they have reached a few microns in length.
Beyond this region, microtubules could, presumably,
reach the top, bottom or marginal cell cortex, where
dynein contacts could be made. If the distribution of
dynein were random, the resulting forces along micro-
tubules should be radially symmetrical. The nucleus
represents another factor expected to interfere with the
uniform distribution of microtubules, as this structure
would serve as a substantial physical barrier to the
extension of microtubules from one side of the centrosome.
However, assuming that the relative orientation of
nucleus and centrosome is random and dynamic, this
effect should average out with time. A third factor would
be regions of the cell from which microtubules tend to be
excluded, such as lamellipodia. Thus, we predict that the
sum of cortical microtubule–dynein interactions main-
tains the centrosome not at the centroid as defined as the
center of the cross-sectional area or of the footprint of the
cell on the coverslip – rather, the position of the
centrosome should be specified by a shell of dynein
interactions defined by the distribution of microtubules
and their ability to contact the cortex. This position would
on average correspond to the centroid if lamellipodial
extensions, the position of the nucleus and the shape of the
cell varied randomly.

The model proposed here deals with centration.
Another model has dealt with the ability of microtubules
in cytoplasts lacking nuclei and centrosomes to generate
a radial network, a phenomenon referred to as ‘self-
centering activity.’ This behavior was also found to depend
on cytoplasmic dynein, but in this case through the ability
of the motor protein to expel microtubules from a
disordered aggregate [40]. The model proposed here
deals with a different aspect of microtubule organization
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rearward actomyosin-generated forces [24,27]. If so,
several possibilities can be considered for how the
centering model we favor for stationary cells might be
modified to account for dynein behavior in moving cells.

“A surprising outcome of this model is
its implications for understanding the
role of dynein at the leading edge of
migrating cells.”

Conceivably, directed cell movement might activate a
feedback loop that balances rearward actomyosin-
mediated forces with forward dynein-mediated forces.
Although current evidence indicates that both systems act
on centrosomes [24,31,43] and/or cytoplasmic micro-
tubules [44,45], the precision with which they balance
each other is unknown. The microtubule-length-dependent
mechanism discussed here might still serve to maintain
the centrosome at the midline of the cell defined along the
axis of movement. However, whether a mechanism to
adjust rearward and forward forces exists, and what its
nature may be, can only be surmised. One possible model
to account for such behavior (Figure 4; Model III) involves
an extension of models for dynein turnover at the
kinetochore during mitosis. Dynein has been proposed to
carry itself and mitotic checkpoint proteins from this site
by running along kinetochore-associated microtubules
toward their minus-ends [4,5]. Conceivably, such a
situation might also pertain to the cortex, as we have
previously suggested [17], with dynein removal occurring
along microtubules extending to this region of the cell. If
this were the case, actomyosin forces, which are known to
push the microtubule cytoskeleton rearward [27], would
interfere with the interaction between microtubules and
the cortex specifically at the leading cell edge. Lacking
microtubule tracks along which to run, dynein would
accumulate at the leading cell edge. In this situation,
those few microtubules that were still able to reach the
leading edge would have a higher probability of being
captured by dynein and would be subject to enough
additional force to balance the rearward forces.

Although this model makes several untested assump-
tions about dynein behavior, it provides a potential
explanation for the balance of forces controlling the
position of the centrosome relative to the front and back
of moving cells. Whether the cell actually has such a
mechanism is unknown. It is possible, instead, that the
observed leading edge accumulation of dynein only
roughly counteracts rearward actomyosin force (Model
IV). Perhaps this dynein pool serves to keep the centro-
some near the cell center during movement. The centro-
some might be more precisely restored to the cell center by
the microtubule length-dependent mechanism discussed
above during pauses in forward movement.

It has been reported that the centrosome position in
freely migrating Dictyostelium amoebae consistently
follows pseudopod extension, typically by a period of
several seconds [46]. If dynein is responsible for centro-
some reorientation in this system, these results would

serve as evidence for temporally discontinuous forces
acting to restore centrosome orientation. More detailed
temporal analysis of centrosome position and of dynein
distribution in diverse cellular systems should serve to
address this issue.

Concluding remarks
Cytoplasmic dynein has become recognized as a cortical
protein in recent years and has been implicated in several
very basic cellular functions. As discussed here, cortical
dynein appears to be responsible for one of the most
fundamental aspects of polarization – defining and
locating the cell center. The importance of this assignment
is unknown, but the cell executes it with precision. We
have outlined models explaining how such a feat might be
a simple consequence of the elementary properties of
microtubules and dynein. Such a mechanism might be
ancient, as dynein itself appears to be. Variations on this
mechanism appear to be important for another aspect of
cell polarization – orientation of the contents of the cell
during migration. How dynein associates with the cortex,
and the mechanism of its redistribution in migrating cells,
remain important issues for future research.
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cytoplasmic dynein in centration, but suggested that other
forces, presumably generated by actomyosin activity, were
responsible for displacement of the centrosome from the
cell center. As a test of this possibility, microtubules were
depolymerized by application of nocodazole near one cell
edge. The centrosome moved towards this site unless
actomyosin inhibitory drugs were applied, in which case
the centrosome moved away from this site. This experi-
ment confirmed a role for actomyosin forces in displacing
the centrosome from the cell center. It also argued against
a role for microtubule assembly dynamics in this process,
contrasting clear evidence for the importance of this
mechanism in the yeast Schizosaccharomyces pombe [29].
Instead, depolymerization of microtubule ends in the
vertebrate cells appeared to prevent their interaction with
a cortically localized factor, which might normally be
responsible for producing tension at microtubule ends
[28]. Cytoplasmic dynein was the clear candidate for this
role, although its presence at the cortex of the BS-C-1 cells
was not examined.

Dynein has been found at adherens junctions in
epithelial monolayers of PtK1 cells [30]. This junctional
dynein pool could potentially be involved in controlling
centrosome localization in epithelial cells, but would,
presumably, not be at issue in fibroblasts. In the latter
case, dynein accumulates at the leading edge during
migration, but is difficult to detect in the cortex of the
resting cell [17]. The latter situation might result from a
dilution of dynein as it becomes uniformly redistributed
throughout the cortex, although this possibility remains to
be tested.

Centrosome positioning by dynein
A uniform distribution of cortical dynein would help to
ensure a balance in forces operating on microtubules from
the cell cortex. This situation should, on average, direct
the centrosome to the general vicinity of the center in
the resting cell. However, the centrosome appears to be
located precisely at the centroid in nonmigrating and

migrating cells [24,28,31], suggesting a specific sensing
and targeting mechanism. How cells might calculate the
location of the centroid is a mystery, although it seems
clear that this must be a microtubule-dependent process.
Microtubules are polar structures that, in contrast to
actin filaments, are nucleated from the centrosome and
provide a simple radial framework, establishing a central–
peripheral polarity within the cell. At least two general
models can be envisaged by which the cell could take
advantage of this situation to find its center. One obvious
scheme (Figure 3, Model I) would have dynein interacting
with the tips of microtubules at their distal (plus) ends.
Microtubules in this model would have an equivalent
chance of an interaction with uniformly distributed
dynein. The number of dynein molecules associated per
microtubule end might vary, but over a relatively small
range. This end-on model might apply to relatively round
cells in which microtubules can only contact the cell
surface through their plus-ends. Recent analysis of
centrosome fragments in cells subjected to UV microbeam
irradiation found that the fragments migrated outward
towards the cell cortex within a narrow range of rates [32].
Asymmetric displacement of one aster towards the pos-
terior pole was associated with higher rates of fragment
movement. These results best fit a model in which a motor
protein, presumably dynein, is uniformly distributed
throughout the cortex but becomes concentrated at the
posterior pole when needed.

This model has an apparent limitation in accounting for
centrosome behavior in less symmetric cell types. In an
end-on model, force is expected to be independent of
microtubule length. Although centrosome position could
be maintained by such forces, detection of an off-center
centrosome and its restoration to the cell center by this
mechanism in a moving or morphologically dynamic cell
might be difficult or inefficient.

Another solution to the centration problem involves a
mechanism in which dynein-generated force is pro-
portional to microtubule length. Length-dependence

(a)

(b)

(c)

(d)

Model	I Model	II

TRENDS	in	Cell	Biology	

Side	view

Top	view

Figure 3. Models for cortical dynein-mediated centration in stationary cells. (a,b) Model I – end-on attachment: microtubules (green lines) interact through their ends with

cortically associated dynein (red dots). The force per microtubule is relatively invariant. This arrangement can maintain the position of the centrosome (large green dot) but

cannot readily restore it when altered. (c,d) Model II – servomechanical: microtubules interact with cortical dynein along their length. Force is proportional to microtubule

length. This arrangement is well-suited to restoring centrosomes to the centroid position.
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– centration – but the two mechanisms could function in
concert in some situations.

The current model requires that microtubule length be
limited by the cortex and, therefore, vary to compensate
for centrosome position. This possibility is difficult to test
conclusively in vertebrate cells with their large numbers
of microtubules, many of which are long and can be
extensively curved. However, mechanisms have been
identified in simpler cells, such as those of S. pombe,
which involve destabilization of microtubules as they
reach the cell cortex at the cell ends [29,41]. A similar
phenomenon might be at play in vertebrate cells, where

microtubule growth has been reported to stop at the cell
cortex [42].

Centrosome position in moving cells
A surprising outcome of the current servomechanical
model is its implications for understanding the role of
dynein at the leading edge of migrating cells. Dynein,
dynactin and LIS1 accumulate at the leading cell edge in
wounded monolayers during directed cell migration [17].
The shift in dynein distribution to the leading cell edge
suggests a shift to greater dynein force-producing capacity
at this site. This change might be required to offset strong

(a)

(b)

(c)

(d)

(e)

(f)

TRENDS	in	Cell	Biology	

Model	III Model	IV

Figure 4. Models for dynein redistribution in migrating cells. Model III – passive redistribution: (a) Non-motile cell with diffuse, non-detectable cortical dynein. Dynein is

speculated here to be removed from cortical sites by running along microtubules, as indicated by the black arrow. (b) As a lamellipodium extends to the right, microtubules

can no longer reach the leading edge as a consequence ofmore rapid actin growth and/or of rearward actomyosin forces. Hypothetical dynein transport from the cortex along

microtubules is interrupted, leading to dynein accumulation at the leading edge. (c) As microtubules grow out to reach the leading edge, dynein pulls with sufficient force

(green arrow) to achieve centration. Model IV – active redistribution: (d) Non-motile cell with diffuse, non-detectable cortical dynein. (e) Dynein accumulates at the leading

edge through an unknownmechanism. (f) Dynein pulls on the microtubule array, resulting in forwardmovement of the centrosome. Dynein might or might not persist at the

leading edge. The end result in the latter case is incrementally applied dynein force to maintain approximate centrosome centration during cell movement. (Symbols as in

Figure 3.)
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These researchers understand control and 
recognize that it operates inside living cells. 
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Figure 3.7. Time-integrator

Figure 3.9. Differentiator: Using integrator in feedback loop

Neural currents perform

Chapter	3
Premises

Chapter	reproduced	in	the	Book of Readings and Resources			http://www.livingcontrolsystems.com/readings/readings.html

Figure 3.1. Adder

Figure 3.5. Weighted summation

Notes 
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Control Loop

The basic first-order control system;  
the tendon reflex loop.  (Powers, 1973, 2005).
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Chapter	7
First-Order	Control	Systems:	
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Inverted pendulum

Figure 2: Control hierarchy for inverted pendulum

Figure 1: An inverted pendulum 

PCT	makes	it	so	simple!
(We	are	inverted	pendulums	

when	we	stand	and	walk	about.)

http://www.livingcontrolsystems.com/demos/tutor_pct.html		
scroll	down	to		
Inverted Pendulum — DOS and Windows				by	Bill	Powers
for	both	program	and	documentation

This interactive computer demo 
shows uncanny live action.
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Understand and resolve conflict.
Performance coaching reviews.  
Develop team spirit and caring relationships.
Vision and Mission statements. 
Total Quality Management. 
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8 Effective Personnel Management: An application of Perceptual Control Theory
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Table 1. Effectiveness of the Teamwork Program Based 
Upon Perceptual Control Theory Shown as a Before 
Versus After Comparison

Performance to schedule: A measure of control 
over a manufacturing line’s ability to meet its first 
commitment date given for delivery of an item to a 
customer.

Vol. % to F.G.: Percent of volume shipped relative to 
finished goods. Many manufacturing lines produce 
product to a forecast of volume sales. If they don’t put 
finished product into F.G. inventory, both customer 
service and sales suffer.

Overtime: Usually expressed as a percent of the 
total direct labor hours worked. Overtime should 
average less than one percent in an ideally running 
line. Overtime is useful to take care of temporary 
overloads. When overtime becomes regular and  
excessive, it costs more (paid at time and a half) and 
it leads to fatigue, which shows itself in more mistakes 
and higher absenteeism.

Days of inv.: Inventory control is often measured 
in days of inventory carried. Typical carrying costs 
of inventory in a company can equal 30% a year of 
the average inventory balance. Thus, in addition to 
liquidating 2.1 million dollars into cash, ongoing sales 
of 600,000 dollars were also realized.

Mtl. shorts: Material shortages in production cause 
delays and missed schedules. Both are costly. When 
material inventory is high, logic would imply that 
shortages would be low. Usually this is fallacious 
because it is the control over inventory and getting 
the right parts to the line on time that are the issue. 
When a team learns how to control, both numbers 
come down.

Quality: Dpu means defects per unit. Note the sig-
nificant improvement.

Linearity: Measures the evenness of production. 
Ideally, a manufacturing line puts out 1/20th of its 
work each work day. Linearity measures line control, 
but its effect shows up in higher productivity and 
especially higher quality.

COMPARISON OF PERFORMANCE
_________________________________

	 BEFORE PROGRAM  AFTER PROGRAM BENEFITS
____________________________________________________________________________________________________

PERFORMANCE
TO SCHEDULE 23%  98% customer satisfaction
 
VOL. % TO F.G. 82% 101% customer satisfaction
   more sales

OVERTIME 12%  3% $17,000 / mo. saved

DAYS OF INV. 75 days 52 days $2,100,000 reduction

MTL. SHORTS  4%  1,5% productivity plus 21%

QUALITY 1.26 dpu 0.25 dpu 

LINEARITY  avg - 7.0 days avg ± .1 day

	 	 	 "CONFLICTS HAVE BEEN 
   REDUCED ... CREDIBILITY 
   AND TRUST HAVE BEEN
   IMPROVED SUBSTANTIALLY"

	 	 	 	 the	plant	manager

Papers	on	pages	80-94	in	the	Book of Readings and Resources			http://www.livingcontrolsystems.com/readings/readings.html

Notes 
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Paper	on	page	16	in	the	Book of Readings and Resources			http://www.livingcontrolsystems.com/readings/readings.html

Why study PCT? 

PCT	 provides	 insight	 for	 all	 life	 sciences	 and	 enables		
psychology	to	delevop	into	a	natural	science.		

Each	 demonstration/experiment	 works	 100%,	 just	 like	
those	in	the	natural	sciences.		No	fuzzy	statistics	here.	

PCT	provides	in-depth	understanding.		No	prescriptions.

You	can	reason	from	first	principles	in	any	situation.	

You	 gain	 insight	 into	 the	 structure	 of	 the	 minds	 of	
your	 fellow	 man—not	 individual	 content,	 but	 structure.		
As	 a	 manager,	 associate,	 or	 friend,	 this	 insight	 helps	
you	ask	questions	to	“get	into	the	other	person’s	world”	
and	 helps	 you	 develop	 mutually	 satisfying,	 productive		
relationships.	

PCT	shows	how	we	function,	always	have,	always	will.

Notes
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Lessons Learned 

Don’t	focus	on	behavior.		Do	focus	on	understanding.

When	you	see	strange	behavior,	don’t	ask:		“What	are	you	doing?”			
Instead	ask:		“What	are	you	trying	to	achieve?”	

Don’t	micromanage.		Align	Understanding.	

Focus	on	ends,	not	means.		Specify	top-level	goals	and	let	others	
figure	out	the	details	of	how	to	achieve	them	(lower-level	goals).

Intervene	only	when	a	conflict	of	lower-level	goals	emerges.		The		
intervention	is	to	focus	on	the	higher-level	end	that	the	two	con-
flicting	lower-level	means	are	trying	to	satisfy,	so	that	the	process	
of	figuring	out	those	details	can	resume	(MoL).
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James Bryant Conant was the 
23rd President of Harvard  
University, 1933–1953

Wikipedia: “In his later years at 
Harvard, Conant taught under-
graduate courses on the history 
and philosophy of science, and 
wrote books explaining the  
scientific method to laymen.”

For	free	pdf	downloads	of	the	two	volumes,	see		www.pctresources.com/Public

Introduction

The Harvard Case Histories in Experimental Science were designed 
primarily for students majoring in the humanities or the social sciences.   
Such students require an understanding of science that will help them 
to relate developments in the natural sciences to those in the other 
fields of human activity.  To do so demands an understanding both of 
the methods of experimental science and of the growth of scientific 
research as an organized activity of society.
Experience shows that a man who has been a successful investigator 
in any field of experimental science approaches a problem in pure or 
applied science, even in an area in which he is quite ignorant, with a 
special point of view.  One may designate this point of view “under-
standing science”; it is independent of a knowledge of the scientific 
facts or techniques in the new area. . . . . 

Harvard Case Histories In Experimental Science

   Contents
VOLUME  I

	 INTRODUCTION,	BY	JAMES	BRYANT	CONANT	 vII

1.	 ROBERT	BOYLE’S	EXPERIMENTS	IN	PNEUMATICS,		
EDITED	BY	JAMES	BRYANT	CONANT	 1

2.	 THE	OvERTHROW	OF	THE	PHLOGISTON	THEORY:	THE	CHEMICAL	
REvOLUTION	OF	1775-1789,	EDITED	BY	JAMES	BRYANT	CONANT	 65

3.	 THE	EARLY	DEvELOPMENT	OF	THE	CONCEPTS	OF	TEMPERATURE		
AND	HEAT:	THE	RISE	AND	DECLINE	OF	THE	CALORIC	THEORY,		
PREPARED	BY	DUANE	ROLLER	 117

4.	 THE	ATOMIC·MOLECULAR	THEORY,	EDITED	BY	LEONARD	K.	NASH	 215

VOLUME  2

5.	 PLANTS	AND	TILE	ATMOSPHERE,	EDITED	BY	LEONARD	K.	NASH	 323

6.	 PASTEUR’S	STUDY	OF	FERMENTATION,	EDITED	BY	JAMES	BRYANT	CONANT	
437

7.	 PASTEUR’S	AND	TYNDALL’S	STUDY	OF	SPONTANEOUS	GENERATION,	
EDITED	BY	JAMES	BRYANT	CONANT	 487

8.	 THE	DEvELOPMENT	OF	THE	CONCEPT	OF	ELECTRIC	CHARGE:		
ELECTRICITY	FROM	THE	GREEKS	TO	COULOMB,		
BY	DUANE	ROLLER	AND	DUANE	H.	D.	ROLLER	 541

For an overview of past scientific revo-
lutions, I recommend the Harvard Case 
Histories In Experimental Science, designed 
primarily for students majoring in the  
humanities or the social sciences.

This work was first published in 1948 and 
was an inspiration for Kuhn when he wrote 
his book, published in 1962.
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method will tell you nothing about 
the inner workings of the organism.

Bill Powers wrote:
“There is one clear message that 

we have to send to the life sciences 

concerned with behavior, which in one way or another 
means all of them.  It is that all the behavioral sciences 
have been pursuing an illusion during their whole 
history, the behavioral illusion.

They have been misled by the actions 
that organisms use for generating effects 
that are of importance to them into think-
ing that those actions are the effects of 
importance.”

Now that we have some understand-
ing of control, we can take a look at the 
scientific method used by psychologists 
today.

Not understanding that they were 
looking at control in action, scientists 
called the disturbance a Stimulus, and 
the output a Response, with the pre-
sumption that the Stimulus (the Inde-
pendent Variable) causes the Response 
(the Dependent Variable).

This leads to the First Grand Theory 
of Psychology: Behaviorism, which says 
that the environment makes us behave.

The language and teachings of  
Behaviorism pervade our culture.

Note that if control is good, the 
correlation between Stimulus and 
Response (Disturbance and Action, 
as in “you push me, I push back”) will 
be high.  Precisely what scientific psy-
chologists are looking for,  But...

This mistaken use of the scientific 
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Cognition

This is not possible in the real world of 
random disturbances and tiring muscles.

Actually, it requires information about the 
environment that the brain just does not have.  
It requires a generous dose of  magic.

Note that the scientific method con-
tinues to be applied as if living control 
systems are inanimate objects.  

Some cognitive psychologists suggest 
that our brains perform elaborate calcu-
lations of the physical properties of the 
environment, makes predictions, and 
issues commands to our muscles.

With Cognition as an interme-
diary, somehow, between Stimulus 
and Response, you get the Second 
Grand Theory of Psychology.

Cognitive psychology is not 
a single theory but rather an all-
inclusive term that serves as an 
umbrella for any psychological 
theory that recognizes cognition.  
There are many.
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For	a	discussion	of	the	state	of	psychiatry,	see

http://www.nybooks.com/articles/2011/07/14/illusions-of-psychiatry/
and	
http://www.nybooks.com/articles/2011/06/23/epidemic-mental-illness-why/

followed	by	
http://www.nybooks.com/articles/2011/08/18/illusions-psychiatry-exchange/

Also	of	interest	
DSM	—	Unfit	for	purpose	by	Tim	Carey:		http://dxsummit.org/archives/550
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To learn more...
iapct.org

International Association for PCT
be sure to check out Websites

livingcontrolsystems.com
Book of Readings and Resources


