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Abstract

We hypothesize that the symptoms of
obsessive-compulsive disorder (OCD), despite
thelr apparent non-rationdity, have what might
be termed an “epistemic”’ origin —that is, they
gem from an inability to generate the normal
“feding of knowing” that would otherwise
sgnd task completion and terminate the
expression of a security motivationa system.
We compare our satiety-signa congtruct, which
we term “yedasentience,” to various other senses
of the “feding of knowing,” and indicate why
OCD-like symptoms would stem from the
abnormal absence of such aterminator emotion.
In addition, we advance atentative
neuropsychological modd to explain its
underpinnings. The proposed modd integrates
many previous disparate observations and
concepts about OCD and embeds it within the
broader understanding of norma moativation.
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urt Godel, the eminent 20" century

mathematician, sought to live life as a

“gquest for rdiondity in dl things’
(Dawson, Jr., 1999, p. 76). In his work, he used
logic even to reved the hidden limits of logic:
His famous incompleteness theorem showed that
there exig statements in consstent mathematical
gystems that are true but unprovable, a result that
was stunningly counterintuitive and even
dismaying to the mathematicians of histime,

In quite a different way, Godd’s private life
too, illugraed the sometimes bizarre limits of
raiondity. For mogt of his life, this brilliant
logician was plagued with sensdess obsessons
about the posshility of being poisoned — for
example, accidentally via food, or by gasses
somehow escaping from his refrigerator.  For
many years, his wife needed to serve as his food
taster and coax him to esat; when she became
serioudy ill and unable to hep him in this way,
his obsessons about being poisoned led him to
garve himsdlf to death (Dawson, Jr., 1997).

Other pre-eminent intdlects have dso had
their idands of seeming irrationdity.  Another
good example is Samud Johnson, one of the
most important writers of the 18" century. This
outstanding Enligntenment  figure, whose work
has been described as “in defense of reason
agang the wiles of unchecked fancy and
emotion” (Mahoney, 2000), was beset by many
inexplicable compulsgons, such as needing to
touch every post in a street, or step exactly in the
center of every paving-stone. If he perceived
one of these acts to be inaccurate, his friends
were obliged to wat, dumfounded, while he
went back to fix it (Stephen, 1900).

Although such obsessons and compulsions
can occur in a variety of disorders, they are most
familiar as symptoms of obsessve-compulsve
disorder (OCD). The man purpose of the
present paper is to advance a relaively nove
hypothess about the psychologicd processes
that underlie such repetitive, seemingly
inexplicable thoughts and actions. In brief, we
hypothesze that such symptoms, despite ther
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apparent non-rationdity, have what migt be
termed an “epigemic’ origin — that is, they stem
from an ingbility to generate the normd “feding
of knowing” that would otherwise dgnd task
completion and terminate the expresson of a
Security mativationa system.

To introduce our proposed theory, we firg
provide some background information about
OCD. We then identify OCD symptoms as the
behavioral output of an “open-ended”
motivationd sysem, explan why it makes sense
to regard an emotion (the feding of knowing) as
the normd satiety sgnd for this class of
motivated behaviors, and indicate why OCD-like
symptoms would stem from the &bnormal
absence of such a terminator emotion.  Findly,
after comparing our satiety-signal  construct,
which we term “yedasentience,” to various other
senses of the “feding of knowing” in the
psychologica literature, we advance a tentive
neuropsychological model to explain its
underpinnings.

Description of OCD

OCD used to be consdered a rare psychiaric
disorder but recent studies esimate that in the
genera population the lifdime prevalence of
OCD is 1 to 2%, twice that of schizophrenia or
panic disorder (Rasmussen & Eisen, 1991).
Symptoms consst of recurrent and persstent
thoughts (“obsessions’) and/or repetitive,
relaively stereotyped behaviors (“compulsons’)
that the person feds compelled to think or
perform but recognizes as irrational or excessve
(Goodman, McDougle, Price, Riddle, Paus, &
Leckman, 1990).

According to Reed (1985), the content of
obsessons may include thoughts involving: (a)
self-depreciation, self-denigration, and
unworthiness ether with reference to perceived
socid norms or the individud's own standards;
(b) undue concern with one's bodily functions,
(c) fears, doubts, and preoccupations about dirt
and the spread of disease to sdlf; and, (d) fears of
harm to a friend or rdative and being responsble
for the imagined event. The range of compulsive
behaviors includes. (@ excessve checking
activities, characterized by repeated redoings of

actions supposedly related to security,
orderliness, or accuracy (Reed, 1985); (b)
avoidance behaviors, which are “activities
engaged in to avoid feared objects, places, or
gtuations’ (Reed, 1985); and (c) washing and
cleaning, generdly of hands but sometimes aso
compulsve washing of clothes, teeth-cleaning,
or the deming of possessions or parts of the
home (Reed, 1985). As with obsessions,
compusions may involve more than one
category of behavior. Some OCD patients (51%)
have compulsons without obsessional thoughts
(Rachman & Shafran, 1998; Rasmussen & Eisen,
1991). The mogt common subjective dinica
features are doubts and indecision; and the two
most common compulsive behaviors are
checking and washing (Henderson, Jr. & Pollard,
1988; Rasmussen & Eisen, 1992).

OCD asa pathology of stopping

To an observer, OCD is a particularly
fescinating disorder because it exemplifies a
flagrant violaion of our everyday view of
raiondity. OCD sufferers are wel aware of
external reality, generally recognize the
absurdity of ther obsessonscompulsions (a
minority have poor insight; Foa, Kozak,
Goodman, Hollander, Jenike, & Rasmussen,
1995), and prefer not to engage in them. Y,
despite this strong tie to redity, they knowingly
continue to perform such activity a a
tremendous cost not only to themselves but aso
to those around them (Hollander, Kwon, Stein,
Broatch, Rowland, & Himdein, 1996). Clealy,
OCD is a dak demongration that normal
control of behavior can be over-ridden by some
powerful non-cognitive-based system(s).

A defining attribute of OCD is a sense of
compulson associated with the performance of
ritudigic thoughts or actions. The psychologica
experience of compulson is not wel defined
(Reed, 1985, p. 119), but nevertheless one can
concaive of two broad mechaniams that would
produce the intrusiveness and urgency
characterisic of OCD symptoms. One is a
pathologica intensity of excitation of the
particular thoughts, ideas or actions. The other
is a redive falure of the sysems that normdly
terminate such thoughts, ideas or actions.
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At first Dblush, the notion that OCD
symptoms  spring from a pathologic intengty of
excitation is a reasonable one, because it digns
positively with the prevalent concept of
compulson as a force that drives behavior
agang one's will. However, as noted by Reed
(1985), this concept of compulsion is but a dight
vaiat of the medievd bdief in daemons which
invede the body and compel behavior against
one's will. The modern verson no longer holds
that the force came from outsde the body but
rather that it has an inner origin (Reed, 1985, p.
121). Butisit in fact the case that OCD patients
describe their experience of compulson in terms
of an overpowering force? The sudy beow
suggests that they do not.

Reed (1977a; 1985, p. 127) interviewed 50
OCD pdtients and andyzed their responses to the
question: “What does the compulsve experience
fed like?”. Anayss reveded that by far the
greatest mgority of patients (70%) described the
experiencing of compulsons in terms of some
impairment of will-power, as for example, “I
keep wondering, and then | can't get it out of my
mind. | know it's stupid, but | haven't got the
will-power to push it out”  Sixteen percent
emphasized that ther experience was one of
stickiness, as for ingtance, “I can't move on
because | can't convince mysf that I've
finished what I'm doing.” In contrast, only 4%
of the respondents lad mgor emphasis upon the
power of the compulsions, as for instance, “The
idea is overwhedming. It just keeps coming
back, and there's nothing | can do about it.” On
the bass of such findings, Reed concluded that
“those who are trapped in a circle of repetitive
behavior do not report that something forces
them to continue, but that they lack something to
make them stop” (Reed, 1977Db).

That the key problem is one of stopping
seems reasonable also from the limited
information available regarding the structure of
OCD compulsive behavior. Available
decriptions of OCD behavior suggest that most
patients engage in few but extended bouts of
compulsve behavior during the day (as opposed
to bouts of behavior that are rdativdy normal in
duration but repeated excessively often

throughout the day) (Neziroglu & Yaryura
Tobias, 1991). Such a behaviord profile is
condgent with a dysfunctional stop mechanism
rather than one that is involved in the activation
of behavior.

Does the presumed OCD pathology in the
mechanism of sopping extend to terminating Al
thoughts, ideas or actions? Clearly not, because
the paients symptoms are not general but
circumscribed in some manner.  Typicdly, it is
only certain types of thoughts that are
problematic.  Explaining this spedficty is a
mgor chdlenge for psychologicd theories of
OCD, to which we now turn.

Conceptualizations of OCD as a cognitive
disorder

Previous conceptudizations of OCD have
often focused on the hypothess that there is an
underlying disorder of cognition. Here we focus
on Reed's (Reed, 1985) attempt to identify the
core problem in OCD, and reae it briefly to
other cognitivdly oriented explanations. As will
eventudly become clear, our own proposa is a
modification and extenson of some of Reed's
idess.

Based largdy on an andyss of the form of
obsessona thoughts, Reed (1968) suggested that
the dinicd symptoms of OCD migt dl be
regarded as manifedations of, or reactions to,
one centra cognitive phenomenon, namely, a
“functional impairment in the spontaneous
organization and integration of experience” He
argued that this experientid imparment gems
from the patient's cognitive problem in the
“defining of categories, in the determination of
boundaries and limits in the establishment of
criteria, and in the alocation of class members.”
We normally form such classifications
spontaneoudy  but, according to Reed, the
obsessional individual cannot do so.
Consequently, obsessional people look for
externd ways to dassfy their experience, ways
that may include not only atificd over-
gructuing of input, maladaptive over-defining
of categories and boundaries, but aso the use of
rituds as arbitrary “time-markers’ or “crypto-
decisons’ (Reed, 1968; Reed, 1985). In other
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words, the doubt and indecisiveness so
characterigic of the dinicd picture is, according
to Reed, a direct manifedtaion of patients
cognitive ingbility to define and put closure to an
experience, and their obsessiona cognitive gyle
and rituds are, in turn, attempts to compensate
for this incbility. Later writers (e.g., Pitman,
1989) refer to the inability to experience closure
asafalurein “the sense of task completion.”

Some experimental tests support this
hypothess.  For ingance, Milner, Beech and
Waker (1971) showed that even though sgnd
detectability and response bias are the same in
obsessional and non-obsessional people
peforming an auditory dgnd detection task,
ther peformance is different when they are
allowed to hear the trid again before rendering
judgement as to whether or not the tone was
played. Individuads with obsessond symptoms
ask for ggnificantly more repeats of a tria than
those without obsessonad symptoms, condstent
with the prediction that obsessionals will
demand more information to arrive at a decision
than non-obsessona individuas. Smilarly,
Reed (1977a) showed that decison difficulty
experienced by the obsessona individud is
invesdy related to the amount of dructuring
avalable in the task itdf. Deductive tasks
present litle difficulty because the task itsdf
provides inherent logicd closure. ‘Open-ended’
tasks which demand an inductive or intutive
approach favor indecisveness and uncertainty
because they have litle externd dructure to
ddfine closure and consequently elicit an
overproduction of competing hypotheses that
characterize  the overcompensaing obsessional
cognitive syle.

One noteworthy feature to Reed’'s hypothess
is the identification of OCD as a cognitive
disorder, in which *“obsessional difficulties
reflect, it is maintained, maadaptive ways of
thinking, of reasoning, and of dtending to,
assessing, processing, and assimilating
information” (Reed, 1985, p. xiii). A cognitive
perspective was a radical departure from the then
prevdent view (firss promulgated by Freud) of
OCD as a disorder of affect or anxiety; Reed
noted however that his perspective was in the

tradition of 19" century French writers such as
Pere Janet (Janet, 1903). Other  recent
explanatory modds of OCD have aso been
grongly cognitive; for example, a mgor line of
theorizing has implicated dysfunction in the
metacognitive regulation of one€'s own stream of
thoughts (Purdon & Clark, 1999). Accordingly,
Sdkovskis (1985; 1989; 1998), Rachman (1997,
1998), and Wadls (1997) have suggested a
causative role for various dysfunctiona beiefs
that OCD patients appear to have about the
meaning and implications of ther conscious
thoughts — for example, the beief that thinking
something bad is virtudly the same as actudly
doing it (thought-action fusion).

A reconceptualization of OCD in terms of
motivation

There is, however, a second very important
feature of Reed's hypothess, one which leads
more directly into our own proposa. It is the
heuristic power obtained from reducing the
obsessond problem to a specific deficit,
namey, an inddility to obtan cosure in an
ungructured (“open-ended’) dtuation or task
(Reed, 1983). We retain Reed's essentid notion
that OCD patients suffer from falure to put
closure on experience, but we put a restriction on
the domain of these experiences and ascribe the
core deficit to a non-cognitive process.

While Reed's emphass on closure was
extremdy ingghiful, the attribution of the core
problem to the doman of cognition was, in our
view, incorrect.  The man reason for the
inadequacy of a cognitive explanation is the
specificity of OCD symptoms. If it were indeed
true that patients suffered from a broken
cognitive module (used for clasdfication of
information), then they should have profound
intdllectud difficulty with very many everyday
tasks. Such is not the case, however. Although
some neuropsychological udies indicate that
OCD patients may show limited and highly
gpecific  neurocognitive  deficits  especidly on
tests tgoping complex visud-spatia  functions
(Bolton, Raven, Madrond-Lugque & Marks,
2000; McNdly, 2000; Purcell, Maruff, Kyrios &
Pantelis, 1998), the rdationships of such deficits
to the origins and course of the disorder is
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unclear (Summerfddt & Endler, 1998). Indeed,
outsde of ther particular obsessond thoughts
and compusve rituds, OCD patients seem
remarkably normd, and some may even rank
among those with superior talents, Samuel
Johnson being one outstanding example. Even
more problematic for the notion of a genera
cognitive impairment is the fact tha despite ther
variegated and idiosyncratic content, OCD
symptoms do possess a thread of continuity
across most patients.  As noted before, the
content of most obsessond thoughts, ideas, or
actions revolves around the issue of security or
sdfety, ether of the sdf or others (Sakovskis,
1985). In agd, they are concerned with “sdlf-
preservation or preservation of the gspecies” to
paraphrase an expression used in another context
by Paul MacLean (MacLean, 1973). A generd
cognitive-processing deficit would not restrict
the content of OCD symptoms to such a specific
concern, but generate a multitude of symptoms
with little invariance in content.

In diginction to the cognitive framework is a
biologicd psychiatry perspective on OCD. It is
characterized by two currents. One, to be
reviewed later, is the appreciation that however
complex OCD symptoms may appear to be, they
probably result from a dysfunction in a neural
subsirate that involves a cortical-basal ganglia
areuit. Another current is the use of ethological
concepts to interpret OCD symptoms (Rapoport,
1989a). OCD behaviors are seen to resemble
“fixed-action patterns’ (Lorenz, 1970). As
such, OCD symptoms are posted to reflect the
ingppropriate release  of specific  behavioral
packages preprogrammed through evolution and
biologicdly hardwired in bran (basd ganglia)
creuitry (Rapoport, 1989a; Wise & Rapoport,
1989). In the words of Rapoport and Fiske
(1998, p. 160):

...such specificity in the ‘hard wiring' of
human behaviors as badc to everyday
functions as deaning, checking, and
ordering, or concern about dangers to self
or others, suggests a hiologicd bass for
universd  categories of certain thoughts
and rituas.

Given the univedity of OCD symptoms
and thar crrcumscribed focus on  biologicaly
primitive concerns  regarding  self-preservation
and preservation of species, one may suggest
that OCD symptoms conditute the expression of
a gspecia (“security”) motivationd system. A
moativation with “security” as its goa is not
anong the five gspecid moativations recognized
cdasscdly in psychology, those being hunger,
pain, sex, maternd and exploratory motivations
(Hebb, 1966). However, ethologicaly oriented
psychologists (e.g., Adams, 1979; Bolles &
Fansdow, 1980; Gilbert, 1989; Marks & Nesse,
1994; Masterson & Crawford, 1982; Trower,
Gilbet, & Sherling, 1990) have advanced the
notion of a motivaionaly fundamental “defense
sysem,” concerned with the detection and
andioration of both physical and socia
potential thrests to security. In genera terms,
moativation refers to the tendency of the whole
organism to be active in a sdective and
organized way, and special motivation refers to
that tendency which is aso biologically
primitive and necessary for gspecies surviva
(Hebb, 1966, p. 206). Thus, security motivation
refers to a set of biologically-based
(“hardwired’) speciestypical behaviors directed
towards protection from danger of sdf and
others, suggeding the operation of a tendency
that is biologicdly primitive and necessary for
species  survivd. Furthermore, the species
typicad behaviors for protection of sdlf or others
incude behaviors characteristic of OCD,
namdy, deaning, checking, and hoarding, and
presumably dso the associated thoughts and
idess. The next section lays out the main
working characteristics of such a security
motivation system.

The Security Motivation System

An evolutionary perspective suggests that
cetan sets of behaviors have come to be
organized within domain specific, fairly
independent systems or modules which
addressed specific adaptive problems and
thereby contributed to fitness (Pinker, 1997;
Tooby & Cosmides, 1990; Tooby & Cosmides,
1992; Trower, Gilbert, & Sherling, 1990). For
example, even the human capecity for language
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has been viewed in this way, as a core innate
sysem of rule schemas or grammatical
computetions thet is calibrated and elaborated by
experience (Hauser, Chomsky, & Fitch, 2002).
Fodor (1983) argued that perceptua input
gysdems in paticular tend to be modularly
organized, to enable the rapid processng of
information of potentiad relevance to survivd.
Such modular sysems are innatdy specified and
hardwired, highly tuned to certain kinds of input,
compardively automatic and autonomous, and
“encapsulated,” or relatively isolated from
information developed by other sysems. The
security motivation system is such a menta
module, but to Fodor's reasoning about the
perceptua input sde, we would advance smilar
aguments about the behaviord output Sde
Specificdly, to enable quick action for
dleviaing risk, the security motivation system
requires spedificadly tuned outputs -- namely,
those  associagted with risk assessment and
reduction -- which are rddivedy automatic,
autonomous, and encapsulated -- thus avoiding
interference from other systems concerned with
lessimmediately pressing agendas.

Research by ethologicd psychologists and
ecologists on how animals assess and respond to
the risk of predation strongly supports such a
concept of a security motivation sysem. As
Lima and Bednekoff (1999, p. 656) remark:

Tempora changes in the risk of predation
are a fact of life for most animals, and
hundreds of <udies demonsrate that
anmds respond quickly and adaptively
to changes in risk of predation. ... As a
consequence of this variaion in risk,
animds are genedly faced with the
problem of how to best alocate feeding
and antipredator efforts across different
risk states.

More gpecificdly, this research suggests the
fdlowing mgor working characteristics of a
Security motivation system:

1. The sysem is tuned to detecting potentia
danger and does so on the basis of often subtle
and indirect cues. Blanchard and Blanchard
(1988, p. 64) note that “the risk-assessment

pattern is ... related to defense, but it occurs in
the context of unclear or partid threat dimui
and has the primary goal of acquiring
information needed either to make the defense
pattern effective or make it unnecessary.”
Likewise, Curio (1993) diginguishes innate
rleesng mechanisms for recognizing predators
from those for decoding hidden risk:

Apat from assessng overt risk, prey

animals make use of various

risk-assessment mechanisms even in the

absence of any overt predator cues.

These hidden-risk mechanisms are

already known to be highly diverse and

to consg, for example, of an assessment

of undassfidble risk, of risk permanence

... diter the predator's disappearance, and

of the risk posed by the presence of an

epecidly vulnerable prey conducive to

attack.  (pp. 225-226; itdics in the

origind)
In summary, compared to real and present
danger, potentid danger requires different
perceptua processing and different responses,
and there exids a dass of behaviors directed at
the assessment and dleviation of such potentia
danger.

2. The system is readily activated,
responding to even a dight chance of danger,
and once activated, it has a long hdf-life, being
dow to deactivate despite changes in the
environment that feed into the appraisa process
(Curio, 1993; Marks & Nesse, 1994; Masterson
& Crawford, 1982). This easy-to-turn-on,
hard-to-turn-off quality makes sense
evolutionarily, because repeated fdse dams are
much less codly than even a gngle failure to
prepare for upcoming danger. In addition, the
system may be activated by threats to offspring
and to members of the animd's socid group, as
well asto the animd itsdlf (Curio, 1993).

3. The system is oriented toward action. For
example, Curio (1993, p. 137) notes that “An
ongoing antipredator behavior can profitably be
seen, in part, as manipulating and probing the
behavior of the predator.” Behaviors such as
checking and survellance sarve as preemptive
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actions, because predators rey on surprise, as
wdl as active ways to gather information. As
Masterson and Crawford (1982) point out, “the
activation of a motivation system excites or
primes motor acts rdevant to the motive. ... a
drive is accompanied by a readiness for
moativetiondly reevant innae actions’ (p. 670,
itdicsin origind).

4. The security motivation sysem can be
didinguished from other systems that protect the
anima from noxious events, such as what has
been termed the “pan motivation system”
(Bolles & Fansdow, 1980) or “darm reactions’
(Masterson & Crawford, 1982). Of particular
importance is the distinction between the
security motivation system, which is oriented
around prevention, and what Ohman and Mineka
(2001) have termed the “fear module,” which
mediates fear learning, such as escgpe and
avoidance. Ohman and Mineka (2001, p. 483)
remark,

Potentially disastrous events ... may be
heralded by subtle cues. For example, to
the atentive observer, a predator may
announce its presence by faint sounds or
odors. By using the contingency between
such cues and the potentidly deadly
consequence, the central motive of fear
[can] be conditioned to the cue.

In contrast to the fear module, the security
motivetion system does not rely on actua
encounters with the “potentially deadly”
consequences, but operates through other, subtler
unconditioned dimuli, ggnding “hidden risks,”
often in the absence of any overt danger, as
detalled earlier. Another didinction is thet, as
aso noted earlier, security-motivated behavior is
often directed toward probing and acquiring
information, rather than smply avoiding noxious
gimuli. Likewise, warinessanxiety is the
emotiond state of the security motivation
sysem, rather than fear, which is the affective
sate of the fear module (Masterson &
Crawford, 1982). In this way, the security
motivation system, part of what Trower and his
colleegues (Trower, Gilbet, & Shaling, 1990)
label the “defense system,” may adso be
diginguished from wha they cdl the “safety

gysem,” which is posted to work through
postive reinforcement and affect afforded by
safety cues (see dso Chance, 1984).

The ‘'open-ended’ nature of the Security
Motivational System

To the extent that OCD reflects a specia
mativational system, the study of OCD
mechanisms can be informed by questions and
findngs in the extensve literature on mativation.
For ingance, are the factors which determine the
beginning and end of motivated activity the same
ones that start and stop OCD activity? Is the
security  motivaiona  system  different in an
important way from the other special
motivationd systems, and is such a difference
rdevant for OCD? These paticular questions
are of gspecid petinence to the hypothesis
advanced here and are addressed next.

A change in respondveness to a congant
dgimulus in the environment is one attribute that
defines motivation. There are distinct
mechanisms that invoke the change in
responsiveness for different motivational
gystems.  For example, in the case of loss of
water, hunger for water (thirst) is the invoked
tendency that dominates behavior and directs the
organism's activity to seek and consume (drink)
water, which terminates thirst. Because
utimately the internd physologicd norm is
restored, hunger motivation is a homeodatic
mechanism and the ingested substance which
terminates motivated activity is known as a
‘consummatory stimulus (Hinde, 1970, p. 256).
Hunger motivation is a closed loop system, with
gpecified dat and stop events though not dl
gtimuli which compose these events are known.

Unlike hunger, sexud motivation is not
considered homeostatic because copulation is not
known to correct deviaions of a vitdly regulated
substance.  Nonetheless, sexud motivation is a
powerful organizer of activity, crucia for
preservation of the species, and another “closed”
system with a rea consummatory stimulus to
terminate it (i.e., contact with a mate).

Although other special motivations share to a
vaying degree dtributes of ether hunger or
sexual motivation, the proposed security
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motivation is didtinct in a crucia respect because
it does not have redity-based consummatory
dimuli, and is, in effect, an “open-ended”
sydem. Regardless of how security motivation
darts, its termination has a built-in problem.
Condgder an organism that has observed a
predator at a disance — how long should it
continue to check for impending danger? There
is no draightforward rule because the ingbility to
see the predator is no guarantee that it is gone. It
would make sense for checking to continue for
sometime, well beyond the last Sghting.

The problem is exacerbated if we condder
that the gspeciestypical activity of checking for
predators or other sources of harm is generdly
invoked when there ae no red dimuli to
dimulate the senses — that is, motivated activity
is directed towards potential sources of danger.
As an example, Trower, Gilbert, and Sherling
(1990, p. 19) note that “animals emerging out of
ther burrows will sample the locd environment
for the presence of threst.” Here, externd
confirmation that there is no potentid danger is
logicdly impossble, and for this reason we
dam that “redity-based” consummatory dimuli
for security motivation do not exist. As such, the
task engaged by the security motivation system
has no externd dructure and is “open-ended” in
the sense used by Reed. What then terminates
it? We propose that termination of motivated
security activity is induced by an interndly
generated “feding of knowing,” a crucid idea to
which we now turn.

Termination, satiation, and feeling of knowing

When a severdy dehydrated person drinks
rapidy for a few minutes, third motivation
disappears long before the fluid can be absorbed
by the gut and correct the chemical changes that
generated the thirst (Denton, McKinley, &
Weisnger, 1996). Thus, even though the
consummatory dimulus that  inhibits water-
directed activity is the drinking of water, the
oecific gimuli which actudly terminate thirst
motivetion are not the same ones that invoked it.
The phenomenologicd dgn to stop drinking is a
feding of sdiation. This feding is didinct from
the feding of thirs, as disorders of ether exist
with lifethreatening consequences (Denton et

a., 1999a). Importantly, this feding may
represent not only the subjective corrlate of the
stop sgnd but, in fact, conditute the criticd
mechanism tha tuns off the internd motivation.
Smilaly, we hypothesze tha an interndly
generated feding of knowing provides not only a
phenomenologica dgn of god-attanment but is
aso the physologicd mechanism that actudly
shuts-down secwrity motivation.  This kind of
mechanism would be especidly critical in an
open-ended motivaiona sysem, where redity-
based consummatory dimuli do not exis. By
the same token, it mus follow that without
environmentaly supplied cues, simulation of
the feding of knowing comes directly from
performance of the behaviors evoked by security
mativation.  Such an arangement may be a
gpecid ingance of the more generd propostion
advanced by Glickman and Schiff (1967) that
mere engagement in motor activity is
reinforcement, a notion to which we will return
later.

We labd the terminator signd as a feding of
“knowing” rather than of “safety” or some
amilar term, for three reasons. Fird, there exists
a psychologicd literature on fedings of knowing
(see beow) and our use of the term shares
features with the usage there. Second, a feeling
of “safety” suggests a mood dstate induced by
environmentd gimuli, but that is contrary to our
hypothess of an interndly generated phaesic
ggnd of god attanment in the absence of
consummatory stimuli  in  the environment.
Andly, a feding of “knowing’ captures the
essential implication of the hypothesized
terminator signal: a subjective conviction
functionally separate from knowledge of
objective redlity.

Restatement of the core problem in OCD

We now have the necessary ingredients to
reformulate Reed's hypothess of the core
problem: namely, an “open-ended” security
motivationd system that requires an interndly-
generated feding of knowing to sgnd god
atanment and shut down the motivation. Let's
re-examine the main features of OCD and relate
them to this framework.
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One of the mogt driking features of OCD is
the incbility to fed reassured by seemingly
obvious and compdling information from the
senses. The perceptions of OCD patients,
dthough objectively sound, do not seem to “sink
in” or “fed right”; indeed, the older French term
for OCD was folie de doute (French),
Zwelfelsucht (or Grubesucht; German), ad
follia del dubbio (Itdian) — the “doubting (or
questioning) mania’ (Baldwin, 1901). Rapoport
(1989b, p. 238) describes the predicament of
OCD aufferersasfollows:

The doorknob mugt be turned again and
agan; the light switched on and off, on
and off. These acts bring immediate
information, yet it doesn't get through.
They can't say, “Yes, | have checked this
out and now | know that the door is
locked.”

Accordingly, OCD appears to sem from a
partticular disturbance in subjective convictions
about reality: Concerning the problematic
content, OCD saufferers know objectively, but
cannot believe subjectively. For example, even
though the compulsve hand washer knows
objectively that his or her hands look clean, he or
she cannot readily generate the subjective
conviction that they are truly clean, and so
continues to wash.

According to the framework we are
proposing, OCD patients are haunted by the
ubjective sense that things are wrong because of
the following set of events. Fird, therr particular
concerns and behaviors were invoked by a very
potent special motivation that handles basic
threats to exigence (e.g., predation). Second,
this moativationd system is open-ended with no
external consummatory simuli and so inherently
unhooked from immediate environmental
control. Third, due to this lack of a terminating
ggnd in the environment, goa completion is
normaly sgnded by an endogenoudy generated
terminator (experienced as a feeling of
knowing), but OCD patients either cannot

generate this emotiond signd or it is inadequate
to inhibit the invoked moativation.

Our modd is smilar to Reed's in identifying
as the core deficit a failure to put closure on an
experience, but we condrain it to experiences
invoked by a bidlogicdly prima motivation for
protection of sdf and others, and consider that
the falure to put closure on experience does not
gem from ocognitive ingbility but from the
bregkdown in a satiety-like mechanism that
normdly generates a feding of knowing. The
feding of knowing ultimaidly derives its power
as a terminator from prima, compelling
emotions having to do with basic threats to
exigence. In this sense it has a close pardld
with, for example, the phenomenon of thirg
(Denton, McKinley, & Weisinger, 1996). Water
deprivation didts a prima compdling emotion
of thirg which can entirdly occupy the stream of
consciousness.  Denton, Shade, Zamarripa, et 4d.
(1999b, p. 5308) point out that severe thirst is
less easly amdiorated cognitivdy than some
other emotions “Third ... is interoceptor-driven
and initiated through mechanisms in the
phylogenetically ancient brain, as with hunger
for a@r. The rdative inaccesshility of the primd
emotions to the higher amelioration may resde
in this fundamenta of brain organization.”

Refinement of the concept of a “feeling of
knowing’

In the cognitive literature, the term “feding
of knowing” has been widely employed to refer
to the intuitive sense that one knows some piece
of information even though at the moment one
cannot yet bring it to mind (e.g., Nelson, Gerler,
& Narens, 1984). We retain this digtinction
between the subjective sense of knowing and
one's objectivdly verifidble knowledge.  The
notion of a feding of knowing is dso akin to
psychologica processes that are hypothesized to
underlie fundamental intuitions or indghts, such
as the sense of number which serves as a bass
for mathematicd thinking (eg., Dehaene,
Spelke, Pind, Stanescu, & Tavkin, 1999). But
more paticularly, the fedings of knowing
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involved in OCD have to do with the subjective
sense of what is real (Rapoport, 1989b). There
is a long higory to regarding such subjective
intuitions about redity as an important factor in
psychopathology. For example, Jaspers (1963,
pp. 93-94) pointed out that “Conceptud redlity
caries conviction only if a kind of presence is
experienced” — that presence, he argued, being a
primary, irreducible phenomenon.  Furthermore,
he noted, “Our attention gets drawn to it because
it can be disturbed pathologicdly and so we
appreciate that it exiss’ (p. 94). In a smilar
ven, William James (1890, pp. 283-284)
remarked:

In itsinner nature, belief or the sense of
reality, is a sort of feeling more allied to
the emotions than anything else. ... The
true opposite of belief, psychologicdly
consdered, are doubt and inquiry, not
disbelief. In both these states the content
of our mind is in unrest, and the emotion
engendered thereby is, like the emotion
of bdief itsdf, pefectly diginct, but
perfectly indescribable in words.  Both
sorts of emotion may be pathologicaly
exdted. (pp. 283-284, itdics in the
origind)
James identified the pathologicd excess of the
emotion of doubt as the “questioning mania” an
earlier term for OCD, as mentioned above.

More generdly, Damaso (1994) has argued
that our sense of what is reasonable and real, and
even our capacity for rationdity, is undergirded
citicdly by emaction.  In his somatic-marker
hypothesis, he proposes that somatic states or
signs experienced as feelings, are an
“indispensable foundation for rationality”
(Damasio, 1994, p. 200) in that they direct and
shape everyday thoughts and decison-making.
In support of this hypothess, he and his
colleagues have shown that the impoverished
decison-making capacities of some fronta
patients seem to be due to the lack of somaticaly
mediated fedlings of knowing, rather than any
difficulty with logicd <ills (Bechara, Damasio,

Trand, & Anderson, 1998; Bechara, Damasio,
Trand, & Damaso, 1997; Bechara, Trand,
Damasio, & Damasio, 1996). The implication is
that, unlike the classc Western assumption,
feding is not opposed to rationality, but part of
it.

What we mean by the “feding of knowing’
in the present context shares features with these
concepts, but is aso quite different. Rather than
the fedings of knowing that serve as a guide or
director of thinking, as in intuition, we are
proposing that a particular feding of knowing
sarves as an essential terminator of a Species
gpecific moativation, namdy, one concerned with
protection from harm. To diginguish this
meaning from the broader usage of the term
feding of knowing, we coined the term
“yedasentience,” (Woody & Szechtman, 2000)
from the Hebrew yeda=knowing and Lain
sentire=to fed. The core hypothesis we are
advancing may then be stated as follows:

An internally generated *“feeling of
knowing” (termed “yedasentience”)
provides a phenomenological sign of
goal-attainment and has as its
consequence the termination of thoughts,
ideas or actions motivated by concerns of
harm to self or others. Failure to
generate or experience this feeling
produces symptoms characteristic of
OCD.

Our proposa is related interegtingly to Zald
and Kim's (2001) speculation concerning the
possble imparment of sensory-gpecific satiety
in OCD: They noted that OCD patients “in
essence fal to reach a point a which they fed
‘satiated’ in their safety” (p. 59). In summary,
yedasentience serves as a sdtiety sgnd.  Thus,
the security motivation sysem has 2 digdtinct
emotiond states: Anxiety is pat of a “go” dgnd,
and yedasentience is the “stop” sgnd.  The
absence of anxiety is not yedasentience, just as
the absence of thirg is not the feding of satiety.
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Figure 1. A conceptual model of the Security Motivation System and sites of dysfunction producing OCD. Solid
arrows indicate excitatory and dashed arrows inhibitory stimulation, respectively. Y edasentience output does not act
on environmental input but rather on the Appraisal of Potential Danger and the Security Motivation processors to inhibit
their activity. Exposure through motor output to “safety” stimuli provides inhibitory stimulation to Appraisa of
Potential Danger. X marks potential sites at which a blockage would yield OCD.

Conceptual sketch of a motivational model of
OCD

Our conceptua moded of OCD as a
dysfunction of security motivation is
summarized in Figure 1. The mode podts the
operation of 4 mgor functiond components
(shown across the middle of the figure) and 3
magor routes of feedback (shown above and
below). The firsg component is the Appraisa of
Potentil Danger, which evaluates incoming
environmental  dimuli in the context of the
organism's experientid  higory and intended
actions. If reaults indicate a potentid threat to
«df or others, this component outputs an
excitatory signal to a second component,
Security Motivation. Stimulation of this
subsystem activates a motivationa date with a

protracted haf-life. In particular, the output of
the Appraisd subsysem may change quite
quickly, given change in external stimuli
(induding Safety Cues), context, and plans. In
contrast, even an excitaory sgna of short
duration from the Appraisal subsystem to the
Security Motivation subsystem is hypothesized
to activate the latter system for a fairly extended
time period. This hypothess follows directly
from the idea that security motivation cannot be
under the direct control of factors like externa
gimuli, because such d&imuli are unreigble
indicators of the lack of danger.

When activated, the Security Motivation
subsystem generates a set of coordinated outputs
that serve to energize and focus the actions of the
organism on ataining a specified god. Among
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the activated outputs is an Anxiety-related
feedback to the Appraisd comporent; this
postive feedback dgnd provides the organism
with a further interoceptive cue indicating
potential danger and forms part of a loop that
acts to sudtan the gppraisa. In addition, another
activated output is an excitatory sgnd to a third
mgor component, Security-Related Programs,
which co-ordinates and executes species-typical
motor and cognitive programs for the protection
of «f or others. These programs are
indructions for performance of acts such as
checking or weshing, the <dection of the
appropriate program is dictated by the
informational signal from the Appraisal
subsysem.  Engagement in the performance of
the activated program(s) yields the next
functiond component, Motor and Viscera
Output. This behaviora output provides the
feedback, via Yedasentience, that serves as a
stop dgnd to inhibit both the activity of the
Security Motivation and the Appraisal
subsystems. Accordingly, without a
Yedasentience output signal, the Security
Motivation subsystem would continue to be
active, yidding a pesdent dive to perform
actions related to the protection of sdlf or others,
and so the behaviord profile characterizing
OCD. Findly, Motor Output is aso postulated
to have a possble effect on the Appraisa
subsystem through the enhancement of Safety
Cues, a dower mode of inhibitory feedback due
to the hypotheszed long hdf-life of Security
Motivation once it is activated. This role of
Safety Cues recognizes the coacting effects of a
Safety System, as posited by Trower and his
colleagues (1990), otherwise quite separate from
the Security Motivation System.

In Houre 1, the X's on the pathways show
potential Stes of blockage that would vyield
OCD. Congder firg the hypothesized blockage
from Motor and Visceral Output to
Yedasentience, which  would interfere  with
negative feedback effects on the Security
Motivation and Appraisa subsystems. Due to
the lack of the Yedasentience dgnd to the

Security Moativation subsystem,  species-typical
behaviors would fal to inhibit the subsystem's
dimulation of the innate programs subserved by
the basal ganglia Thus, with no terminator for
these programs, they would persst for abnormal
lengths of time. Likewise, due to the lack of the
Y edasentience signal to the Appraisal
subsysem, performance of species-typical
behaviors would fall to dampen the sense of
potential danger in the norma fashion. Thus,
these behaviors would have abnormadly little
corrective effect on perceptions of potentia
danger.

Also shown in Figue 1 is a second
hypothesized blockage: Species Typical
Programs might fal to generate appropriate
Motor and Viscerad Output.  This possbility
would produce more generdly disabling effects,
because of the failure to initiate the
speciestypical behaviors that the overdl system
uses as inhibitory feedback. Absent would be
not only negaive feedback via Yedasertience,
but dso negative feedback via the inhibitory
effect of Safety Cues on the Appraisa
subsystem.  We would propose that this type of
blockage may correspond with the “pure
obsessond” type of OCD, in which compusive
behaviors are absent, and which is especidly
resdant to treament (Emmekamp & Kwee,
1977; Sdkovskis & Westbrook, 1989; Steketee,
1993; Steketee & Cleere, 1990; Stern, 1978).

Neur obiology of OCD

There ae five kinds of findings which
suggest that there may be an identifiable
neurologic basis of OCD. First, the symptoms of
OCD often appear associated with severd
neurologic disorders [postencephalitis
parkinsonian syndrome (Schilder, 1938),
Sydenham's chorea (Swedo et al., 1989),
bilaterd necross of the globus pdlidus (Laplane
et a., 1989), Huntington's chorea (Cummings &
Cunningham, 1992), and, Gilles de la Tourette's
gyndrome (Pauls, Towbin, Leckman, Zahner, &
Cohen, 1986)], suggesting that OCD may have a
gendlic and/or dructural bass related to these



Psychological Review - Accepted April 23, 2003

Szechtman & Woody - 13

disorders.  Second, PET sudies show that
changes in glucose activity in the orbitofronta
cortex and caudate nudeus corrdate with the
presence and disappearance of OCD symptoms
(Baxter, 1992; Baxter et d., 1992; Benkefa,
Nordahl, Semple, King, Murphy, & Cohen,
1990; Swedo et d., 1992). Other neuroimaging
dudies dso implicate the orbitofrontal cortex in
OCD (Adler, McDonough-Ryan, Sax, Halland,
Arndt, & Strakowski, 2000; Kim et a., 2001;
McGuire, Bench, Frith, Marks, Frackowiak, &
Dolan, 1994; Rauch et al., 1994; Saxena, Brody,
Schwartz, & Baxter, 1998). Third, OCD
responds to pharmacologica treatment, beng
andiorated by serotonin (5HT) reuptake
blockers (DeVeaugh-Geiss, 1991), and made
worse by a 5HT1B receptor agonist,
metachlorophenyl-piperazine  (Goodman, Price,
Woods, & Charney, 1991). Fourth, severe cases
of OCD may be improved with psychosurgery,
in  particular with anterior capsulotomy or
angulotomy (Baer et d., 1995; Chiocca &
Martuza, 1990; Dougherty et d., 2002; Jenike et
a. 1991; Kettl & Marks, 1986). Finaly, a
susceptibility marker that may predispose some
individuds to develop OCD has been identified
(the D8/17 antigen on the surface of peripheral
blood mononuclear cells); D8/17 positive
individuds devdop OCD as a result of their
autoimmune response to Group A
beta-hemolytic streptococcal infection, a
response that is beieved to yidd antibodies
which crossreact with basd-ganglia antigens
and produce tissue damage (Swedo et al., 1997).
[It is interegting in this regard to note that Godel
contracted a prolonged case of rheumatic fever at
age 8 (Dawson, Jr., 1999)].

Considering several of the foregoing
observations, it is not surprisng that the basd
ganglia is prominent in all current
neuroanatomical modds of OCD (Baxter et 4.,
1992; Insd, 1992; Wise & Rapoport, 1989).
Origindly, an appreciation for its importance in
OCD dgemmed from insights that the basa
gagia may be a repository of innate motor
programs (MacLean, 1978) and that OCD rituals

may be examples of such speciestypical
programs (Swedo, 1989). Drawing on a
conceptua organization of the basd ganglia as
the noda point of convergng but segregated
closed-loop circuits involving cortex-basal
gangliathdamus-cortex  pathways (Alexander,
Deong, & Strick, 1986), Wise and Rapoport
(1989) proposed that pathological activation of
such circuits would produce reverberating
activity and result in a persstent discharge of the
innate programs characteristic of OCD.
Subsequent  neurcanatomica OCD models have
dl mantaned this conceptua schema, focusng
particularly on the orbitofrontal cortex as a noda
point, and providing more eaborate details on
the drcuit diagram and its functions (Baxter et
a., 1992; Insd, 1992; Moddll, Mountz, Curtis, &
Greden, 1989; Saxena, Bota, & Brody, 2001,
Saxena & Rauch, 2000).

Despite the widespread interest in the
theoretical implications of overactivity of the
orbitofrontal cortex in OCD, Zdd and Kim
(2001) caution that it may be an effect rather
than the cause of OCD. They point out that in
both OCD patients and control subjects, activity
in the orbitofrontal cortex (OFC) is a normd
correlate of glent rumindive thinking (Cottraux
et d., 1996), and thus “increased resting OFC
metabolism in OCD [may gmply reflect] a
grester engagement of obsessve ruminations in
OCD patients’ (Zald & Kim, 2001, p. 61).

Neural under pinnings of the model

Fgure 2 shows our gsuggetion for a
neuroanatomical drcuit of the proposed Security
Motivation System (SMS). The circuit diagram
incorporates previous proposals regarding
neuroanatomical  modds of norma motivation
and of neurd dysfunction in OCD but is digtinct
in highlighting feedback connections from the
brainsem to shut-down drcuit activity.  Current
neuroanatomical models of both motivation
(eg., Brown & Puck, 2000; Eveitt & Walf,
2002) and OCD (e.g., Moddl et a., 1989; Rauch
et da., 2001) are hult with functiond loops
invalving  cortico-striato-palido-thalamo-cortical
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Figure 2. A neural circuit model of Security Motivation System. Each of the 4 distinct subcircuits (loops) subserves
one of the functional components in Figure 1 and is identified by corresponding colors. The dashed line indicates
Abbreviations. AM, amygdala; BNST, bed nucleus of the stria
terminalis, GPe = external segment of the globus pallidus, GPi, internal segment of the globus pallidus, HPC,
hippocampus; MC, motor cortex; MD Thalamus, mediodorsal thdamic nucleus; MOPFC, media and orbital prefrontal
cortex; PMC, premotor cortex; SMA, supplementary motor area; SNpc, substantia nigra pars compacta; SNr, substantia
nigra pars reticulata; STN, subthalamic nucleus; VA, ventroanterior thalamic nucleus; VL, ventrolateral thalamic

possible sites of yedasentience feedback inhibition.

nucleus;, VTA, ventral tegmental area.

connections suggested by Alexander, DeLong &
Strick (1986) and elaborated by others
(Groenewegen, Wright, Bejer, & Voorn, 1999;
Haber & Fudge, 1997; Haber, Fudge, &
McFarland, 2000; Haber, Kunishio, Mizobuchi,
& Lynd-Bdta, 1995; Haber & McFarland, 1999;
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Joed & Wener, 1994; Joel & Weiner, 2000;
Penney, J. & Young, 1983).
motivation and
originated in separate literatures, the models bear
great amilaity to each other.
OCD as a digurbance of norma motivetion

the OCD circuit

Although the

Our framework of
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suggests that the neura convergence of the two
literatures is expected and illuminating.

Our neurd schema of SMS is composed of
several cascading dircuits that subserve the four
functiond components identified in FHgure 1
(middle row), and which we label
correspondingly as the Appraisal of Potential
Danger Loop, Security Motivation and Affect
Loop, Security-Related Programs Loop, and
Brainstem Output Network. In addition, specific
connections between these loops and inputs to
them provide the Anxiety, Yedasentience, and
Safety Cuessgndls.

Our labds for the four mgor circuits
correspond closdly to neuroanatomic  sysems
discussed by other authors.  Specificdly, the
present Security Motivation and Affect Loop is
gmila to what others have cdled the “limbic
driatum loop,” and the Security-Related
Programs Loop to the “motor driatum loop”
(e.g., Jod & Weiner, 2000). Likewise, what we
cdl the Appraisal of Potential Danger Loop
corresponds wdl to what are genegrdly viewed as
the “limbic cortex inputs’ (eg., Eveitt & Walf,
2002) to the limbic driatum loop. The role we
assign to the Brainstem Output Network indudes
its widely recognized function as the dation of
the find motor pathways, but an important and
novel aspect which it plays in our proposed
modd is to provide inhibitory feedback to the
foregoing  drcuits. In particular, whereas
previous neurd models of OCD have focused on
reverberating activity within one of the basd
gaglia loops to account for the disorder, we
locate the dysfunction in a falure of the
Brainstem Output Network to provide an
inhibitory 9gnd to terminate the activity of these

loops.

Below we eaborate on the proposed neural
schema, and condder each of the 4 functiond
circuitsin succession:

Appraisal of Potential Danger Loop. The
kind of information processed in the Appraisal of
Potential Danger Loop is no doubt quite diverse

and includes not only sensory input about the
current  environmental conditions but aso data
regarding plans and future intentions. For this
reason, the afferents to the Appraisal of Potential
Danger Loop probably originate in most regions
of the cerebral cortex. However, within the
Appraisal of Potential Danger Loop itdf, the
computations would be rdativdy limited in
scope involving assessment of whether  the
interaction of current and intended conditions
yields a deviation from a state of “safety” and if
so, yidding an output sgnd of “potential danger
to df” or “potentid danger to others” Because
the within-loop computations evauate not only
declarative knowledge but adso the emotiond
valence associated with dimuli and events, we
propose that the neurcanatomical subgtrate of the
Appraisal of Potential Danger Loop condsts of
severd inter-connected limbic regions crucid for
processing of motivational stimuli: the
hippocampus, the amygdaa, the bed nucleus of
the dria temindis (BNST), and the medid
orbitd prefrontal cortex (MOPFC) (Figure 2,
dark green boxes). While these regions are well
recognized as crucid way-stations in the
activation of defendve motivation and affect
(eg., LeDoux, 2002), we suggest for three
reasons that they probably conditute aso the
gateway into security mativation.

Fird, an extensve literature points to the
anygdala as the integrative hub in the
identification of imminent threat and the
activation of a defendve reaction (eg., LeDoux,
2002). Of relevance to the argument here, the
activation of a deendve reaction can be
conditioned to environmental dimuli, and such
learning and conditioned control are dtill
cucdly dependent on the amygdda and the
indicated limbic connections  (LeDoux, 2002).
Considering a likely continuum from
unconditioned through conditioned to potentia
danger, the corresponding functiona circuits
should be topographicaly adjacent to one
another. Such topographic  organization is
conggent with, for indance, the observed
“spread of allied reflexes” induced by
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non-specific  arousal (MacDonndl &  Flynn,
1966; Szechtman, 1980; Teitelbaum, 1967, p.
64) and the notion that “different parts of [an
anaomicdly defined] continuum ... are likely to
act on information in a dmilar fashion, but
functiond shifts could emerge as a consequence
of topogrgphicd variations in information that
reaches this dructure’ (Heimer, Harlan, Alhed,
Garcia, & Deolmos, 1997, p. 984).

Second, patients with damege to the ventra
medid prefrontal cortex or the amygdaa
perform poorly on tasks that depend on the
emotiona evaluation of future (as opposed to
immediate) outcomes (Bechara, Damasio, &
Damasio, 2000; Bechara, Damasio, Damasio, &
Lee, 1999; Bechara et d., 1998; Bechara et 4.,
1997), a condition which the authors (Bechara,
Damaso, & Damaso, 2000) described as a
“myopia for the future” but which equdly aptly
can be conceptualized as a “deficit in gpprasa
of potentia danger.”

FHndly, the proposed loop has the requisite
neurocanatomic  attributes for an integrative
gateway to activate security motivaion.  On the
input side, the loop connects extensvely with
sensory,  associative, and  autonomic/affective
bran areas (Rolls 2000; Zdd & Kim, 1996).
Smilaly, on the output sde, the loop connects
extendvey with the ventral striatum (a key area
in the proposed motivation circuit) via
hippocampal, amygdalal and MOPFC
projections as wel as by virtue of the postion of
the MOPFC as a noda point in both the
gppraisal and moativation loops (Figure 2).

Security Motivation and Affect Loop. The
neuroanatomic drcuit of the proposed Security
Motivation and Affect Loop is very smilar to the
motivationd drcuit  described by Everitt and
Wolf (2002) and implicated by those authors in
mediating the addictive effects of
psychosimulant abuse. A dmilar drcuit was
aso identified by Brown and Pluck (2000) and
labeled as the “affective’ driato-thalamo-cortical
comporent in ther neurd mode of motivation
and god-directed behavior. That the proposed

neural bads of security motivation is equivaent
to other motivations should not be surprisng,
given tha a common set of limbic regions had
been implicated in every motivation (MacLean,
1985; Robbins & Everitt, 1996) and no a priori
rationde exigs to suggest otherwise for security
moativation.  Indeed, the task of a motive circuit
(Kdivas & Nakamura, 1999) is generic -- to
sugtain god-directed ectivity until the object is
reached and to potentiate appropriate motor and
sensory responsiveness.  Motivationa  specificity
should arise by virtue of having a subset of
possble neura crcuits potentiated, a subset
selected in the case of security motivation by the
output of the Appraisal of Potential Danger
Loop. Smilaly, we suggest, mativation should
arouse an associated affect, with the type of
gimulated emotion being dependent, again, on
the motivation-triggering conditions. In the case
of an activated security mativation, we suggest
that the associated experientia feding is
“anxiety” (or “wariness’; Masterson &
Crawford, 1982), and is mediated by limbic
digdum projections to the BNST (Figure 2),
based on evidence on the role of BNST in
anxiety-potentiated acoudtic dartle (Davis & Shi,
1999; Davis, Walker, & Lee, 1997; Lang, Davis,
& Ohman, 2000). Chiocca and Martuza (1990)
aso noted the importance of the limbic sysem in
mediaing the anxiety component of the disorder;
likewise, Pitman (1989) commented on
dmilarities between OCD symptoms and
compulsvelike behavior of animds with limbic
system perturbation.

The Security Motivation and Affect Loop has
design features of the generalized basal
ganglia-thalamocortical circuit (Alexander,
Delong, & Strick, 1986). As noted by Penney
and Young (1983), the structure of the
cortico-griato-palido-thalamocortical  feedback
drcut suggests that an important  functiond
property of the circuit is the capacity for
reverberating activity, a dedred property for
processes which depend on prolonged and
sustained activation, as is the case for
mativation.  Equaly important, the closed-loop
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structure of the circuit connecting
topographicadly related regions suggests that the
sudtained activation is functiondly sdective by
virtue of potentiating a subset of neurd
pathways. For this reason, Penney and Young
(1983) observed that the driatal node of different
basal gangliathdamocortica circuits may be
where “the basd gangia sdect and mantan
Species-specific behaviors.”

In a amilar fashion, the present neura model
considers the “limbic” basal
gangliathadlamocortical loop as a drauit which
sects and sudans adtivity, dthough not of
behavior directly but rather of moativation, which
in this case is security mativation.  Accordingly,
in our modd, the neurd route to behaviora
output includes a cascade of additiond circuits
described below.

Security-Related Programs Loop.
MacLean's (1978) <udies of bran mechaniams
underlying innate patterns of display behaviors
provided the bass for the current concept that
the doriatd complex does not control the
generation of individud motor components but
indead codes, a a more absiract leve, the
program by which condituent movements are
organized into a gpeciestypical pattern of
behavior. In agreement, Aldridge and Berridge
(1998) recently found that neurons in the
dorsolateral neodtriatum were activated by the
overall sequential structure of grooming
behavior, leading the authors to suggest that this
neodriatad region may implement the “action
syntax” of species-specific “instinctive’
movement sequences.  While the evidence is
good for the neodristum as a region speciadized
to program or implement the “action syntax” of
speciestypical behaviors (Aldridge & Berridge,
1998; Berridge, Fentress, & Parr, 1987; Berridge
& Whishaw, 1992; Cromwdl & Berridge, 1996),
the deals of such circuitry are not known.
Nonetheless, following the lead of Penney and
Young (1983) and others (Wise & Rapoport,
1989), we podt that speciestypica programs
(which in our case ae for security-related

behaviors) are implemented using a basal
gangliathaamocortica  circuit, and  which, in
light of the studies by Beridge and colleagues
(Aldridge & Berridge, 1998; Berridge &
Whishaw, 1992; Cromwel & Berridge, 1996), is
the “motor” loop that includes the dorsal (motor)
driaum.

Several neuroanatomicd mechanisms  have
been suggested that would permit a cascade of
activity from one basd gangliathaamocortica
drcuit to another (Groenewegen et a., 1999;
Haber & Fudge, 1997; Haber, Fudge, &
McFarland, 2000; Haber et a., 1995; Haber &
McFarland, 1999; Jod & Weiner, 1994; Jod &
Weiner, 2000). In our modd (Figure 2), we
indicate the neurd progresson as proceeding via
one of the series of “soird” connections (Haber,
Fudge, & McFarland, 2000) that link, in a
topographically arranged pattern, midbrain
dopamine neurons and the stristum. However,
other posshilites should not be discounted,
induding intervening loops in the cascade from
the “limbic” to the “motor” loop.

Brainstem Output Network. Although we are
currently uneble to specify the details of the
brainsgem anatomy involved, our neurd modd
ascribes two important roles to the brangem.
Firsd and rdaivey obvioudy, the output of the
basd-ganglia motor programs mug  utlize the
brainstem nuclei to produce behavioral
responses. Second and more critical for our
modd, the bransem adso generates crucid
feedback, gving rise to yedasentience, which
inhibits the security motivation and the appraisa
loops.

Because yedasentience is an dfective sgnd,
it may seem drange to locate its origins in the
brangem. As Berridge (2003, p. 18) remarked,
“Conjunction of the words ‘affectiveé and
‘brangem’ might seem contradictory to those
who hold a dogmatic view of the lower brain as
merely reflexive”  Neverthdess, a range of
recent work grongly implicates the braingem in
the generation of emotion and feelings
(Panksepp, 1998; Pavizi & Damasio, 2001).
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Consgent with this work, we propose for the
reasons below that yedasentience is subserved by
braingem (midbrain, pons and medulla) circuits
and possbly includes ascending serotonergic
projections.

Considering that security motivation is
indigated by potential danger and hence
redlity-based goa dimuli do not exist, what then
dimulates  yedasentience? We posit that
activation of yedasentience is produced by
performance of speciestypicd acts. That is to
sy, engagement in behavior, in and of itdf, is
the condition that stimulates yedasentience. This
idea has roots in a decades-old biological theory
of renforcement.  Specificdly, Glickman and
Schiff (1967) were struck by their observation
that without reinforcing dimuli, animds engage
in investigatory behavior, and that this behavior
is composed of motor patterns which are
characterigtic of a species but which vary widdy
from species to species.  To explan what
processes, in the absence of reinforcing
biological stimuli, could maintain such
invedtigatory repertoires, the authors proposed
an evolutionary framework for reinforcement.
According to the authors, reinforcement evolved
as a mechanisn that employs speciestypica
behavioral repertoires to manage contact with
appropriate  stimuli, and hence, a sufficient
condition for reinforcement is the facilitation of
neura pathways mediaing species-typical motor
behavior. The authors supported their thess
usng evidence from bran gimulation and leson
dudies which showed that one and the same
brain systems mediated performance of
speciestypical acts and the reinforcing effects of
bran dimulaion.  Although forebrain sysems
could modify the performance of the
species-typical  acts, the authors reviewed
evidence from ablation studies indicating that the
circuits for the dementary components of these
motor repertoires are fully organized at the leve
of the brangem (e.g., as shown for grooming;
Berridge & Whishaw, 1992).

We follow here Glickman and Schiff (1967),
and suggest that the relevant satiety-like
feedback is generated by a branstem dructure
coincident with, or closdy related to, circuits
there subsarving speciestypical motor acts of
protection of sdf or others, acts which are
characterigic of OCD compulsons.  Although
the feedback signd originates in the braingem, it
is possble dther that yedasentience also
originates here, or dternaively that the feedback
ggnal  becomes yedasentience only when
security motivation is inhibited in the limbic
system.

In addition, we suggest that the satiety-like
ggnds to the appraisal and security motivation
loops may be conveyed from the brainstem by
serotonergic  pathways.  The suggedtion for a
serotonergic pathway is based on the following
four consderations.

Firg, there is evidence that serotonin may act
as a sdiety-like terminator sgnad. For ingtance,
sexud behavior ceases when serotonin release in
the lateral hypothdamus increases (Lorrain,
Riolo, Matuszewich, & Hull, 1999). Appetite
and feeding are dmilarly reduced by enhanced
serotonin activity (Blunddl, 1991). Moreover,
exhaugion from voluntary exercise (a focused
endeavor which like security mativation has no
externd consummatory simuli) is associated
with an increase in bran serotonin  (Bailey,
Davis, & Ahlborn, 1993; Blomstrand, Perett,
Parry-Billings, & Newsholme, 1989; Dishman,
1997; Heyes, Garnett, & Coates, 1988),
uggeding that this neurotrangmitter system may
provide the dgnd to stop such intense motor
activity.  Concelvably, a serotonergic pathway
for the satiety-like dgnd may reflect but a more
genera rule that centra serotonergic neurons are
involved in behaviord suppression (Soubrie,
1986) and inhibition of information flow
(Spoont, 1992), effects that are often
antagonistic to those of dopamine systems
involved normdly in fecilitating active behavior
(Antddman & Szechtman, 1975; Kapur &
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Remington, 1996; Robinson & Berridge, 1997,
Wise & Bozarth, 1987).

Second, yedasentience, by virtue of shutting
down the security motivation loop, removes adso
the axiety output (Figure 1), suggesing an
awioytic effect. Serotonin may be anxiolytic in
conditions associated with motivated behaviors
of defense (Gragff, Viana, & Mora, 1997), and in
this respect a serotonergic feedback sgnd is dso
condgent with an expected rdief-of-anxiety
effect.

Third, the anatomical distribution of
serotonergic neurons is consistent with
projections to the cortex and the limbic system
(Soubrie, 1986), as proposed in Figure 2.
However, a the present time there is no strong
rationde for pointing to ether the dorsal or the
median raphe as the more likey projection
neurons (Spoont, 1992).

Fndly, an inhibitory feedback ggnd that is
serotonergic  is  consistent  with the  beneficid
effects of serotonin reuptake-inhibitors in OCD
(DeVeaugh-Geiss, 1991) and the proposed
yedasentience dysfunction in OCD.

Implications of the model

We have shown that our proposed model of
OCD as a disubance of security motivation
integrates a wide range of core features of the
psychology and underlying biology of OCD. In
this section, we tun to some of the more
poeculative, but intriguing implications of this
relaively novel explanatory framework.

Fird, it would be interesting to explore to
what extent the full spectrum of OCD behaviors
can be subsumed under the umbrdla of a
Security motivation sysem and its organizing
theme of potentid thrests to security. The
concept of such a sysem implies that we are
bult to recognize “fragments’ of red threats
(undoubtedly eaborated through learning) and
that those fragments evoke searching and
checking, rather than the more commonly
discussed “defensve’ responses, such as escape.

Congder, for example, the OCD behavior of a
compulson for symmetry, which may at firs not
seem to have much to do with potentiad danger.
Nonetheless, if the environment is made
symmeric and orderly, deviations are more
reedily detected, fadlitating the checking for
changes that may sgnd potential danger. That
IS, as long as symmetry is mantained, there is no
disurbance and things remain “the way they
ought to be” Such behavior seems to pardld
the way animds seek out a thorough familiarity
of thar home range as a mgor aspect of ther
antipredator checking behavior (Curio, 1993). A
gmila agument might be advanced for the
compulson to count things (which may have
pardles with the ways animds keep track of all
the offgring in thar litter). In contrast, a
digtinction needs to be developed for related (and
sometimes co-morbid) problems of
compulsivity, such as tics and Tourette's
syndrome (Leckman & Riddle, 2000), which do
not seem to imply a security motivation system
and thus do not seem to fit OCD.

Second, the identification of OCD as the
dysfunction of a security motivation system
should provide promisng and generdive links
with animd modds of the disorder.  Our
conception of OCD implies that under some
circumstances non-human animds should show
OCD-like, mdadaptively repetitive behavior,
and this indeed has been an active area of
research (e.g., Dodman, Moon-Fendli, Mertens,
Pfueger, & Stein, 1997; Pitman, 1989). For
example, Szechtman, SUis & Eilan (1998) have
investigated a drug-induced model of OCD, in
which chronic treatment of rats with the
dopamine agonist, quinpirole, induces
compuldve checking behavior which is partly
attenuated by domipramine  The presently
proposed theory of OCD indicates specificdly
where to look to explain compulsive behavior --
namdy, dysfunction in a satiety mechanism that
connects the performance of security-related
behaviors as inhibitory feedback to a subsystem
that generates and sugtains security motivation.
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Third, we may ask how our model of OCD,
which focuses largdy on compulsve behavior,
addresses the cognitive features of OCD. To
begin, note that unwanted cognitive intrusions or
obsessons are part of normal experience over
the lifegpan (Rachman & De Slva 1978;
Sdkovskis & Harrison, 1984; Thomsen, 1999),
and dinicd obsessons are on a continuum with
these normd experiences (Salkovskis, 1985).
Accordingly, owr mode focuses not on the
origins of unwanted, intrusve thoughts, but on
the indbility to turn them off. (Dysfunction in
the dtart mechanism for such thoughts would
seem to relate to generdized anxiety disorder; in
contrast, our proposd is that OCD has to do with
dysfunction in the stop mechanism.) Due to the
“encgpsulated” (Fodor, 1983) naure of the
security  motivation system, it is relatively
isolated from corrective input from other
gysems, induding higher cognitive processes
(cf. Ohman & Mineka, 2001). As a result, OCD
aufferers experience two dissociated senses of
knowing — they smultaneoudy both know
(intdlectudly) and don't know (emotionaly) —
and they find paradoxicaly that the latter is
largdy immure from influence by the former.
As Pitman (1989, p. 193) observed:

A paradox of compulsors is that the
ufferer  recognizes ther sensdessness
but is powerless to do anything about
them. ... At one levd, the compulsve
checker ‘knows tha he has turned off
the gas his memory of the action is
intact. At another level, however, he is
plagued by doubt and does not ‘fed’ that
he's turned it off, so that he's compelled
to go back to check the stove again and
agan.
Pitman (1989, p. 193) interpreted this critical
feature of OCD as an inability of the “memory
sysem to curb the habit system.”  Smilaly,
Rauch and his colleegues advanced an intriguing
proposal that in OCD there may be a defect in
the impliat (autometic) learning system for
which the patient tries to compensate

(unsuccessfully)  with intensification of the
explidt (conscious) leaning system (Graybid &
Rauch, 2000; Rauch et d., 1997). However, it
may not be necessary to propose any deficit in
learning mechanisms in OCD. Instead,
according to the present modd, the underlying
problem is lack of closure -- the ingbility to turn
off security motivation, which drives
security-related  thoughts, through the norma
route of peforming gpecfic security-related
behaviors. The predicament for the OCD patient
iS a deceptively counterintuitive one: Problems
in thought cannot readily be corrected through
more thought (higher cognitive processes), even
with great effort.  This is because, in the
terminology of the present model, yedasentience
is not an output of volitionaly directed higher
cognition; ingead, it normaly stems from
enacted motor behavior.

Thus, dthough problems in leamning and
thought develop in OCD, we propose that they
are secondary eaborations of this primary
deficit.  In addition, such problems should not
devdop in domains that ae unredated to
potential danger — no one obsesses about the
possibility of making someone happy. However,
dthough secondary, these cognitive problems
are not trivid. For sufferers of OCD, ther
peculiar thoughts and actions undoubtedly
conditute wha Zimbardo (1999) has termed
“discontinuities’ in experience; and as Zimbardo
has amply demondrated, these discontinuities
drive processes of explanation that may serioudy
exacerbate the person's difficulties (see dso
Jacobs & Nadel, 1999, for smilar ideas applied
to panic disorder).

Another perspective on these secondary
cognitive difficulties is suggested by Damasio's
(1994) ideas about the crucid role of feding in
decison meking and the limits of rationdity as a
compensation.  For example, he described a
frontal patient who, when asked to schedule a
next vidt, spent hdf an hour carefuly searching
out and weghing dl logicd possbilities before
Damaso findly stopped him. Rather than
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viewing this flagrant obsessveness as a primary
deficit, however, Damasio argued that it
represented the falure of feding to inform
implicit, automated mechanisms of decision
meking, and the inevitable limits of pure reason
as a subgitute.  In a smilar vein, we would
propose that obsessveness in OCD may partly
represent the dtempt to use rdiondity to
compensate for the dysfunction of a more
primary, automatic mechanism — namely,
yedasentience-mediated inhibitory feedback on
security motivetion, normdly resulting from the
ample execution of security-related behaviors.
Smply put, to some extent OCD sufferers may
appear to think too much because behavior, and
the fedings it would normally have evoked, does
not work for them. In this connection, we have
dready suggested that “pure obsessiona”
patients experience no Yyedasentience from
security-related behaviors at dl; this complete
absence, together with the
problem-compounding nature of a purely
rational computative substitute Strategy, may
explan why they are paticulaly redgant to
treatment, as mentioned earlier.

Fourth, we can very briefly sketch some
implications of our modd for psychologica
trestment  strategies. To begin, why would
exposure therapy work for OCD? According to
the present modd, such exposure works by
reducing the sengtivity of the system to stimuli —
esentidly, dimulus devaduation (cf. Maks &
Nesse, 1994). This extinction helps to prevent
the security motivation sysem from getting
tuned on, so tha its indbility to turn off
normdly in OCD becomes less of a problem.
Indeed, after successful exposure therapy, the
former OCD patient may wdl have a subnorma
threshold of response to certain cues of potentia
danger, because his or her origina condition was
one of underactive stopping, rather than
overactive garting.

Far more speculativdy, the model may
suggest the posshility of other treatment
strategies. For example, ritualistically

eaborating or increedng the difficulty of the
security-related  behavior may increase its
capacity to produce yedasentience and help
terminate the motivationd state, shortening the
duration of the behavior.  This drategy is
somewha a&kin to “orded therapy” (Haley,
1984). Likewise, we may ask if it is possible to
subgtitute another feding (e.g., another somatic
marker) for the missng feding of yedasentience,
or isthe system too encapsulated to alow this?

Fndly, we tun our attention briefly to
consder what sort of future data would support
the modd, and what sort would refute it. The
model would be supported by data to show that
individuds with OCD, compared to controls
(such as patients with other anxiety disorders),
have a problem with stopping or satiation, rather
than intia sendtivity or motivation. For
example, they should not work harder for access
to the rdevant security-rdated simuli  (eg.,
water for washing, access for checking, etc.).
Such findings would pardld those for other
dysfunctiond satiety mechanisms To illudrate,
ras with ventromedid hypothalamic lesions
become fat not because of heightened motivation
to eat — they do not, in fact, work harder to
obtain food -- but due to loss of the satiety
mechanism (Whaen & Simon, 1984). In
contrast, our model would be clearly refuted by
the demonstration that there is no encapsulated
Security motivation system, or the inability to
find physical sructures unique to this system. If
there is no security motivation sysem, then
OCD cannot be a disturbance of its functioning.

Conclusion

Congdering OCD as a disturbance of
Security  motivation builds on many previous
observations about the disorder, but casts them
in a new light by reinterpreting them within the
broader undersanding of processes of normd
moativation. Much previous work on OCD has
asked, in essence, what kinds of defective
reasoning could produce this baffling pattern of
behavior. Although not denying a role for higher
cognitive factors, our proposed model draws on
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a range of ideas from biologica psychiatry and
the psychology of motivation to locate the core
Oefidt elsawhere.  The inability to put closure on
experience in OCD is not so much a problem in
higher cognition as a deficit in its emotiond
underpinnings. In the OCD patient, the
performance of security-related behaviors fails to
generate the feding state that would normaly
dut down security motivation.  The resulting
abnormally persstent motivation undoubtedly
drives various cognitive eaborations, but we
propose tha these are secondary to a more basic
defiat in “knowing.” Moreover, this deficit in
emotion-based knowing has a plausible
neuropsychologicd basis, our hypotheses for
which build on previous proposals about the
biologicad underpinnings of OCD.

Drawing attention to the epigemic nature of
OCD, Wise and Rapoport (1989) characterized
OCD patients as being in a Berkeleian
“nightmare” disbdieving thar senses and thus
“tied to ther immediate sensory systems,
needing continuous reaffirmation that their hands
are clean, the door is locked, and so on” (p. 341).
Although we dgrongly concur with the idea that
OCD has an epigemic origin, the present model
implies tha the OCD patient's inddlity to
believe should be characterized somewnhat
differently.  Rather than doubting their senses,
OCD patients essentidly doubt their own
behavior. They disbelieve their behavior
because it fails to produce the normd internd
feedback that should have released them from
the grip of activated security motivation. In
addition, because of the open-ended nature of the
security mativation system, which disconnects it
from immediate environmental control, there is
indeed a Bekdedan predicament for OCD
patients. They cannot look to the environment to
compensate for the terminator that they cannot
generate endogenoudy.  Thus, ther recourse is
to repeat the behavior over and over, in an
atempt to overcome a dysfunctiond feedback
mechanism and eventudly dampen the driving
motivetion.
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