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ABSTRACT

Jan Wikgren

Diffuse and discrete associations in aversive classical conditioning

Jyvaskyla: University of Jyvaskyla, 2002, 40 p.

(Jyvaskyla Studies in Education, Psychology and Social Research

ISSN 0075-4625; 205)

ISBN 951-39-1343-0

Yhteenveto: Tasmalliset ja laaja-alaiset ehdollistumat klassisessa aversiivisessa
ehdollistumisessa

Diss.

The aim of the present study was to assess the role of the cerebellar interpositus
nucleus (IPN) in different types of associations during classical eyeblink
conditioning in rabbits. The techniques used were local cooling of the neural
tissue together with both behavioral and neural recordings. In the first study, it
was concluded that the IPN mediates conditioned eyeblink response (CR)
irrespective of the modality of conditioned stimulus (CS). This result was
accomplished by using an airpuff onto the back as the CS. In the second and
third study, attention was paid to reflex facilitation during eyeblink
conditioning and subsequent inactivation of the IPN. In conclusion of these
studies, it can be said that the original unconditioned response (UR) is altered
in an associative manner and that this CS-mediated reflex facilitation is not
dependent on the discrete memory trace. Contrary to the CR proper, this kind
of reflex facilitation was not affected by the inactivation of the IPN. In the fourth
study, CS-evoked neural activity in the somatosensory cortex was found to
increase as a function of learning. However, in occasional trials in which the
rabbit failed to perform the CR also the neural response was absent even
though the reflex facilitation was still seen. Thus, it is unlikely that the
somatosensory cortex is the storage site for diffuse association in eyeblink
conditioning. This dissertation includes also a review, in which, together with
the original work presented, it is suggested that 1) discrete association is
formed in the cerebellum, 2) reflex facilitation, as well as diffuse associations, is
independent of the cerebellum, and 3) there is a possibility that these
associations are interactive processes. In addition, possible neural mechanisms
for such an interaction are suggested.
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1 INTRODUCTION

A stimulus eliciting reflexive behavior usually elicits not only a single discrete
response but a wide range of other reflexive responses. For example, a startle
stimulus evokes, in humans, a reflexive eyeblink, which is called the startle reflex
(e.g., Lang, Bradley, & Cuthbert, 1998). In addition to this discrete behavioral
response, the startle stimulus alters activity of the autonomic nervous system
(Turpin, Schaefer, & Boucsein, 1999). Further, a sudden, non-predicted
occurrence disrupts ongoing behavior, which can be observed as a switch of
attention from a task towards new, potentially significant information (the
orienting response; Sokolov, 1990). Hence, the discrete stimulus, when it meets
the requirements for the unconditioned stimulus, affects the functioning of the
organism in a variety of ways.

A prominent feature of reflexive behavior is that it is not critically
dependent on the functioning of the higher nervous system (Shik & Orlovsky,
1976). In the case of unconditioned stimulus in eyeblink conditioning,
decerebellate-decerebrate animals produce quite normal reflexes to the US
(Kelly, Zuo, & Bloedel, 1990). However, in the case of the decerebellate-
decerebrate animals, behavior cannot be modified in other terms than simply
that of the physical state of the reflex arc, such as muscular fatigue. The brain
modifies reflexive behavior in ways other than through the simple physical
properties of the directly available stimuli, i.e., as a structure by which complex
associative learning becomes possible. When a reflex is elicited, it is not emitted
by the brain, but the information from this occurrence is projected to the brain
which also acquires information of the environment that were present when the
reflex was elicited. Thus, innate behavioral abilities, and the accompanying
neural activity, can be modified to match the requirements of the environment.
In the process of learning, this would mean that the initially meaningless
conditions that were present when and where the organism was required to
respond to a biologically meaningful occurrence, prepare the organism to react
to the same biologically meaningful stimuli when it encounters the same
conditions the second time. That is, in the presence of the given conditions, the
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organism is selectively attuned to certain information in order to detect the
significant stimuli to which it is to respond (Milner, 1999; Weinberger, 1998).
This would better prepare the organism to face the biologically meaningful
stimuli, which, in turn, enhances its abilities to deal with them.

Diffuse responses that accompany the stimuli triggering pre-wired
behavior can be seen to reflect two categories: those that prepare for
approaching and those that prepare for avoidance (Greenwald, Bradley,
Cuthbert, & Lang, 1998). The functional basis of these classes of reactions lies in
their preparatory value in adjusting an animal’s behavior better to suit a certain
situation. For example, when the animal faces events that had previously been
markers of potential hazards for its well being, it tends to avoid them.

The classical eyeblink conditioning paradigm in rabbits, originally
introduced by Gormezano (e.g., Gormezano, Scheiderman, Deaux, & Fuentes,
1962), offers a valuable tool with which to study learning, in terms of both
neural functioning and behavior. The amplitude of the original defensive
response (extension of the nictitating membrane) to a noxious stimulus (airpuff
directed at the eye) is a discrete and easily measured variable. In addition to the
discrete response, the properties of the unconditioned stimulus causes the
rabbit’s autonomic nervous system to respond as well, which can be seen as
changes in, for example, the rate of the heart beat (Powell & Kazis, 1976).

However, the most profound progress in localizing and identifying the
neural structures essential for associative learning in eyeblink conditioning
have concerned motor aspects of learning (e.g. Thompson, Thompson, Kim,
Krupa, & Shinkman, 1998). Discrete sensorimotor learning seems to depend
critically on cerebellar functioning (Thompson, Donegan, Clark, Lavond,
Lincoln, Madden, Mamounas, Mauk, & McCormick, 1987), but the
sensorimotor association is not the only association formed during eyeblink
conditioning. This can be inferred both from the CS-evoked activity of the
autonomic nervous system in conditioned animals and from the CS-evoked
change in the eyeblink response itself. Namely, in addition to the development
of the conditioned eyeblink response during this conditioning process, the
original unconditioned reflex is augmented in the presence of the CS as well.
This phenomenon is called reflex facilitation (e.g., Harvey, Gormezano & Cool-
Hauser, 1985) and it can be seen after a few paired presentations of the given
tone and the airpuff. The tone causes the subject to respond more vigorously to
the airpuff than in a situation where the airpuff is presented alone (Weisz &
LoTurco, 1988; Wikgren, Ruusuvirta, & Korhonen, 2002a).

There are, then, at least two types of associations that develop during the
eyeblink conditioning: discrete and diffuse. These associations are formed
either independently of each other or they might show some interaction. In the
following, both possibilities are addressed. First, findings in favor for the view
that the discrete association is formed and maintained by the cerebellar learning
circuit are presented. Second, it is proposed that conditioned modification of
the UR, of which reflex facilitation is used as an example, is not dependent on
the cerebellar learning circuit. Third, related evidence is presented suggesting
that diffuse associations could facilitate the formation of the discrete memory
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trace in the cerebellum. Finally, two neural mechanisms are suggested for this
interaction.



2 ASSOCIATIONS IN EYEBLINK CONDITIONING

2.1 Discrete associations in eyeblink conditioning

The search for the neural circuit governing discrete associations has been linked
to cerebellar function ever since the paper by McCormick, Lavond, Clark,
Kettner, Rising & Thompson (1981). It has been shown that removal of the
tissue rostral to the red nucleus, including the hippocampus and cerebral
cortex, does not prevent acquisition or retention of the conditioned eyeblink
response in the delayed conditioning paradigm (Moore, Yeo, Oakley, & Russell,
1980). Therefore, the essential circuitry for eyeblink conditioning can be located
within the regions of the brainstem and cerebellum. In brief, this circuitry
involves three components: 1) the CS pathway, that consists of sensory relay
nuclei, the pontine nuclei and mossy fiber connections to the cerebellum, 2) the
US pathway, which includes somatic sensory relay nuclei, the inferior olive and
its climbing fiber connections to the cerebellum, and 3) the CR pathway, which
includes the cerebellum, its projections from the interpositus nucleus via the
superior cerebellar peduncle to the red nucleus and red nucleus projections to
premotor and motor nuclei (for a review, see e.g., Anderson & Steinmetz, 1994
or Lavond, Kim & Thompson, 1993). Areas outside of this circuitry by no means
are inactive during or futile for this kind of learning, but they are not critically
necessary for the task. On the contrary, an animal with the discrete learning
circuitry presented below is capable of learning the conditioned eyeblink
response, but the rate of learning, as well as the timing of the response is
compromised. Further, with this circuitry alone the animal does not experience
aversiveness to the unconditioned stimulus (Thompson, Thompson, Kim,
Krupa, & Shinkman, 1998), nor is it capable of learning if the situation is made
even sligthly more complex than is the case in classical delayed conditioning
(e.g., trace conditioning: Kronforst-Collins & Disterhoft, 1998; Weiss,
Bouwmeester, Power & Disterhoft, 1999). On the other hand, it is possible to
successfully train decerebrated animals in the eyeblink conditioning paradigm
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(lvarsson & Svensson, 2000), which alone rules out the possibility that the
cerebrum is a critical area for this kind of learning.

2.1.1 Pre-wired behavior and the cerebellum

Classical conditioning always involves conditioning of a pre-wired reflexive
response. The notion ‘eyeblink reflex’ refers actually to a wide range of reflexive
eye movements (Berthier, Desmond & Moore, 1987). The whole eyeblink
response consists of eyeball retraction and eyelid movements in addition to
movement of the nictitating membrane, whose amplitude is usually the
dependent variable of interest. From here on, ‘eyeblink reflex’ is used to refer
mainly to the nictitating membrane response.

Initially, the airpuff to the cornea causes the rabbit to elicit a defensive
eyeblink reflex. The trigeminal nuclei in the brain stem are the primary sites for
making such a response (Cegavske, Harrison & Torigoe, 1987). The tactile
information from the cornea is relayed to the trigeminal complex (van Ham &
Yeo, 1996a). Information is then projected to the accessory abducens which
projects to the retractor bulbi muscle via the VIth nerve and to the area of the
reticular formation caudal to the accessory abducens. These reticular formation
cells then project to the accessory abducens thus completing the circuit with the
long-latency element of the reflex (van Ham & Yeo, 1996b).

The trigeminal nuclei project also to the cerebellum via at least three
routes. The most essential route in the case of eyeblink conditioning is the
projection to the inferior olive, which in turn is the source of climbing fibers to
the cerebellum (Yeo, Hardiman, & Glickstein, 1985; Courville, Faraco-Cantin, &
Marcon, 1983; Akaike, 1988). Thus, the information about the reflexive
occurrence is projected to the cerebellum via climbing fibers.
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FIGURE 1 The critical neural circuit for eyeblink conditioning. Key: CN, cochlear nucleus,
PN, pontine nuclei; IP, interpositus nucleus; CX, cerebellar cortex; 10, inferior
olive; RN, red nucleus; Trig, trigeminal nuclei; MN, motor nuclei.
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Auditory stimuli are the most often used conditioned stimuli in eyeblink
conditioning. The tone evokes activity in the cochlear nucleus, which is the
primary nucleus for auditory modality. The cochlear nucleus, in turn, projects
primarily to the inferior colliculus, superior olive and higher auditory
structures. The cochlear nucleus projects also to the lateral pontine nuclei,
which in turn are the source of the mossy fibers to the cerebellum (Brodal &
Bjaalie, 1992). Studies carried out in well-trained animals concerning the
latencies of tone-evoked activity within the lateral pontine nucleus suggest that
it represents two kinds of activity. First, acoustic-related activity occurs within
the first 20-40 ms after the tone onset and, second, delayed activity that
correlates with the conditioned response (Clark, Gohl, & Lavond, 1997).
However, the latencies correlating with the learned response are more or less
the same as those of the behavioral responses, making it unlikely that this
region actually drives the CRs. Furthermore, during inactivation of the
interpositus nucleus the learning-related activity, but not the acoustic-related
activity, is abolished in the pontine-nuclei (Clark, Gohl, & Lavond, 1997). The
pontine nuclei relay information from all sensory modalities to the cerebellum
via the mossy fibers (Brodal & Bjaalie, 1992). Further, electrical stimulation of
various sites in the pontine nuclei support conditioning when used as a CS
(Steinmetz, Rosen, Chapman, Lavond, & Thompson, 1986). The qualitative
differences between the climbing and mossy fibers are of crucial importance for
theories of learning. These are the structures that, in terms of brain functioning,
make the distinction between the CS and the US.

A prominent feature of learning-related neural activity during eyeblink
conditioning is that not only can one measure activity occurring during
presentation of the CS but that the neural activity measured from variety of
regions actually forms a temporal model of conditioned behavior. That is,
histograms of multiple unit activity have roughly the same shape as the NM
movement. This is particularly true in the hippocampus (Berger, Alger, &
Thompson, 1976), red nucleus and other brainstem nuclei (McCormick, Lavond
& Thompson, 1983; Cartford, Gohl, Singson & Lavond, 1997) as well as in the
somatosensory cortex (Wikgren, Ruusuvirta & Korhonen, 2002b), to name but a
few. This pattern of activity develops before the first behavioral CR is seen, and
within a trial the template precedes the behavioral response for about 30-40 ms.
However, in every location studied to date, inactivation of the interpositus
nucleus causes the abolition of such a template (Sears & Steinmetz, 1990; Clark
& Lavond, 1996; Ryou, Cho & Kim, 1998; see also, Wikgren, Ruusuvirta, &
Korhonen, 2002b). However, there has been a vigorous debate over the issue
whether the cerebellar cortex or the deep nuclei is the critical site in this kind of
conditioning (for cerebellar cortex theory, see e.g., Hesslow, Svensson &
Ivarsson, 1999 or Gruart, Pastor, Armengo & Delgado-Garcia, 1997). This has
remained a controversial issue mainly because lesions to the cerebellar cortex
are very difficult to perform without damaging the underlying structures, such
as the deep nuclei. On the other hand, lesions to the deep nuclei (as in the case
of interpositus nucleus) are not easily done without damaging the cortex, at
least to a small extent. Furthermore, lesion of the interpositus nucleus destroys
the major efferent pathway of the cerebellar cortex, which increases confusion
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about whether the critical area for learning lies in the cerebellar cortex or deep
nuclei. Still, there is strong evidence that even a very small lesion to the anterior
part of the interpositus nucleus would completely and permanently prevent
expression and acquisition of the eyeblink CR. Steinmetz, Logue and Steinmetz
(1992) gave paired eyeblink training for months to interpositus-lesioned rabbits
without finding even a sign of learning.

The cerebellar cortex and interpositus nucleus might have different roles
in eyeblink conditioning. It is known that learning related activity can be
recorded from both areas, but the cerebellar cortex also shows learning-related
activity to backward conditioning, which is not the case in the interpositus
nucleus (Gould & Steinmetz, 1996). Gould and Steinmetz (1996) conclude that it
seems possible that the interpositus nucleus is only able to exhibit changes in
excitability when mossy fiber activation (CS) precedes climbing fiber activation
(US). Therefore, even if the cerebellar cortex is able to form learning-related
activity in backward conditioning, the association is not strong enough to drive
a behavioral conditioned response. Further, lesions to these areas have different
outcomes in eyeblink conditioning. Lesions of the relevant portion of the
cerebellar cortex (Larsell’s lobule HVI) retard CR acquisition but do not prevent
it, and only temporarily affect performance of previously learned CRs (Lavond,
Steinmetz, Yokaitis & Thompson, 1987; Lavond & Steinmetz, 1989). It has been
suggested that the cerebellar cortex has a role in the timing and fine-tuning of
the CR rather than a critical role in memory trace formation (Rosenfield &
Moore, 1995). In line with this, subjects drawn from a mutant strain of mice,
which lack Purkinje cells, the only output of the cerebellar cortex, can be
eyeblink conditioned, although the rate of acquisition and amplitude of the CR
are severely retarded (Chen, Bao, Lockard, Kim & Thompson, 1996).

During inactivation of the critical motor nuclei (accessory abducens
nucleus, facial nucleus and surrounding reticular formation) the rabbit is
completely unable to express behavioral CRs or URs. However, if eyeblink
conditioning is administered to naive rabbits with these areas inactivated,
asymptotic learning is perceived immediately following termination of the
inactivation (Krupa, Weng & Thompson, 1996). The same effect results from
temporal inactivation of the red nucleus, but with one important exception.
During inactivation or lesion of the red nucleus, the rabbit is able to perform the
UR to the US as it normally would, but it cannot exhibit CRs (Rosenfield &
Moore, 1985; Clark & Lavond, 1993). Therefore, the red nucleus is considered to
be the primary motor output of the CR, but the inactivation of the red nucleus
in itself does not prevent learning. Furthermore, electrical stimulation of the red
nucleus produces eyeblinks, but such brain stimulation does not support
conditioning when used as a US (Chapman, Steinmetz & Thompson, 1988). The
site of the critical plasticity in eyeblink conditioning must therefore be afferent
to the red nucleus.

In sum, plasticity in cerebellar structures (the interpositus nucleus and,
possibly, the overlying cerebellar cortex) is responsible for the formation of the
discrete association in eyeblink conditioning. There is no such instance where
the discrete conditioned responding survives lesion to or inactivation of this
area (Chapman, Steinmetz, Sears & Thompson, 1990; Nordholm, Thompson,
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Dersarkissian & Thompson, 1993). This holds equally in other modalities of the
CS (Wikgren & Korhonen, 200l1a) and in different paradigms critically
involving higher brain areas, as is the case in trace conditioning (Woodruff-Pak,
Lavond & Thompson, 1985; Woodruff-Pak, Lavond, Logan, Steinmetz &
Thompson, 1993).

2.2 Diffuse associations in eyeblink conditioning

While inactivation or lesion of the interpositus nucleus in naive rabbits prevents
acquisition of the CR and in trained rabbits abolishes the CR, some learning-
related changes can still be seen. These learning-related changes involve
responses of the autonomic nervous system (conditioned heart-rate response)
and nonspecific responses (CS-mediated reflex facilitation; Wikgren,
Ruusuvirta & Korhonen, 2002a) in the presence of the CS.

On the behavioral level, the work of Lang and his associates suggest that
emotional responses are founded on two basic motivational systems, aversive
and appetitive. In their studies of human and animal subjects (Lang, Bradley &
Cuthbert, 1998; Greenwald, Cuthbert, Bradley & Lang, 1998) primed with either
negative or positive stimuli different outcomes were observed to the reflex
probes presented after or during these primed stimuli. For example, human
subjects viewing images of unpleasant content (violence, mutilations, etc.)
respond to startle stimulus more vigorously than when viewing images of
neutral or pleasant content. Below, diffuse associations during eyeblink
conditioning are presented. These would be manifested as changes in the
functioning of the autonomic nervous system and conditioned reflex
facilitation.

2.2.1 Conditioned autonomic responses in eyeblink conditioning

The corneal airpuff as a US, if the intensity used is strong enough, is sufficient
to support conditioned bradycardia (McEchron, McCabe, Green, Llabre &
Schneiderman, 1991). In the case of acoustical heart rate conditioning with the
corneal airpuff as a US, it has been shown that auditory synaptic inputs to the
medial subnucleus of the medial geniculate nucleus neurons increase in
strength as a result of classical conditioning (McEchron, Green, Winters, Nolen,
Schneiderman & McCabe, 1996). Further, lesions to this area disrupt the
formation of autonomic associations when an auditory stimulus is used as a CS
(LeDoux, Iwata, Pearl & Reis, 1986; McCabe, McEchron, Green &
Schneiderman, 1993). This is in contrast with the results acquired in discrete
eyeblink conditioning showing that stimulation of the thalamic auditory areas
is a successful CS with one restriction; it does not support reflex facilitation
(Nowak, Kehoe, Macrae, & Gormezano, 1999)

Using single-unit measures from various nuclei in the amygdalar complex,
Richardson and Thompson (1984) were not able to find evidence for learning-
related activity within the amygdala during eyeblink conditioning. More
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recently, when the amygdala has been a subject for more extensive
investigations, its role in fear conditioning has been clarified. Romanski,
Clugnet, Bordi and LeDoux (1992) were able to register single units within the
lateral nucleus of the amygdala, which showed responses to both auditory and
aversive somatosensory (footshock) stimuli. Further, the response latencies for
these units were < 30 ms, which suggests that the amygdalar lateral nucleus
may have a role in forming the association between neutral and aversive
stimuli.

Further evidence about the role of the amygdala, as well as other limbic
structures, in memory consolidation stems from the finding that amygdalar
learning-related activity increases rapidly at the outset of conditioning but
ceases as the conditioned responding becomes asymptotic. This decrease in
neural activity within the limbic system can be seen even if the subject, after
initial training, does not receive paired trials for several days. The limbic
activity can only be seen as related to the consolidation process (Poremba &
Gabriel, 1999). Amygdalar lesions prevent acquisition of learning-related neural
activity within the thalamic nuclei and in related areas of the cingulate cortex
(Poremba & Gabriel, 1997), which has been shown to be essential for
discriminative avoidance learning (Gabriel, 1990). This suggests that the
memory trace for such an event is not located in the amygdala but that this
structure is needed in the initiation and consolidation of the memory trace. In
amygdala-lesioned rats, long-latency learning-related activity in the auditory
cortex is diminished, when a rat is fear-conditioned to a tone (Armony, Quirk &
LeDoux, 1998). This line of evidence suggests that the amygdala has a critical
role not only in expression of the learned response, but also in the formation of
learning-relevant neural plasticity. However, this also suggests that there are
yet unidentified areas of the brain that are capable of modifying learned
behavior and memory no longer served by the limbic circuit (Poremba &
Gabriel, 1999). This issue was addressed in our study where neural activity in
the primary somatosensory cortex was recorded during eyeblink conditioning
(Wikgren, Ruusuvirta, & Korhonen, 2002b). It was found that the
somatosensory cortex shows learning-related activity which is related to the
discrete memory trace (temporally preceding the template of the behavioral
CR). However, this learning-related activity was not evoked by the tone in the
case where trained rabbits failed to emit the discrete CR, even though the CS
still affected the amplitude of the UR. Had there been learning-related activity
in the absence of the CR, it would have supported the assumption that the
somatosensory cortex had a role in the formation and/or storage of the diffuse
associations in eyeblink conditioning.

2.2.2 Reflex modification in eyeblink conditioning

As stated previously, the unconditioned eyeblink reflex is modified long before
the occurrence of the CR proper. More specifically, the amplitude and peak
latency of the UR change very rapidly when the conditioning training is
administered. The presence of the CS is a critical factor; when the CS precedes
the US, the animal exhibits more vigorous and rapid eyeblink reflexes than in
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the case of US-alone trials. This reflex facilitation (Harvey, Gormezano, & Cool-
Hauser, 1985) can be observed very quickly during training, but it is notable
that at the very outset of training, the CS does not have an effect on the UR
amplitude in paired trials (Wikgren, Ruusuvirta & Korhonen, 2002a). This,
along with observations in humans (Marcos & Redondo, 1999), suggests that
the process of cumulative reflex facilitation is associative and therefore must be
learned. It is known that the interpositus lesion does not interfere with
conditioned reflex facilitation even though the lesion prevents acquisition of the
CR proper (Weisz & LoTurco, 1988).

It could be argued that reflex facilitation is actually seen because of the
early conditioned responses that are usually formed temporally in place of the
UR. On this reasoning the reflex facilitation observed during the early phase of
learning would in fact be the sum of the amplitudes of the UR and this early
CR. This possibility is, however, ruled out because the CS does not evoke any
CRs during this phase (Wikgren, Ruusuvirta, & Korhonen, 2002a). Donegan &
Wagner (1987) cite the earlier work of Wagner (1979) who proposed that a
signaled US (US preceded by a CS) generally results in a modified UR (UR’).
The UR’ will then be added to, or subtracted from the CR. This would mean
that on CS+US trials, the measure of responding following the US would be a
combination of a conditioned response and a modified unconditioned response
(CS+US - CR+UR’, as they put it). In the light of our work (Wikgren,
Korhonen & Ruusuvirta, 2002a) this, however, does not hold. Namely, from this
interpretation it would follow that if the memory trace for the CR is blocked (as
is the case in interpositus nucleus inactivation), the UR’ should give way to the
UR proper. But, on the contrary, during the inactivation of the interpositus
nucleus, the discrete conditioned response abolishes, while the CS continues to
affect the UR; the reflex facilitation is associative but it does not depend on the
same structures as the conditioned eyeblink response (Wikgren & Korhonen,
2001b; Wikgren, Ruusuvirta, & Korhonen, 2002a). Nor is the conditioned
response a sum of the CR and the UR as proposed by Clark, Zhang & Lavond
(1992). Were this so, the UR to the signaled US would change during IPN
inactivation, which is not the case.

The modulation of the UR during the learning process is not only of
interest in its own right but may be representative of a larger class of
phenomena (Donegan & Wagner, 1987). Therefore, classification of the types of
reflex facilitation may serve as a useful basis for identifying the locations for
nonspecific plasticity in the nervous system. Given that reflex facilitation exists
even in the absence of the learned discrete response, as is the case during the
inactivation of the IPN, some learning-related activity that it correlated with it
should also be present. However, except for the altered receptive field plasticity
in the auditory cortex (Weinberger, 1998), the learning-related activity
identified in every location studied so far has been shown to cease during IPN
inactivation.

Together, the results presented in the original publications underlying this
dissertation indicate that three types of reflex facilitation accompany classical
eyeblink conditioning in rabbits. These types are termed experience-related, CS-
mediated, and CR-related reflex facilitation (see Figure 2).
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FIGURE 2 UR amplitudes in the three phases of the experiment. 1) the outset of the training, 2) the
end of the first session and 3) after 5 sessions. Note that initialy, the URs are of same
amplitude in al three trial types (the difference was not significant). After one training
session, presence of the CS facilitates the UR. When the URs in US alone trials between
the unpaired and paired groups are compared, the paired group shows significantly more
vigorous URs. See text for more detailed explanation.

Experience-related reflex facilitation can be inferred from the finding that
irrespective of the temporal ordering of the stimuli (paired or unpaired), the UR
amplitude increases as a function of the time spent in the experimental setting
(Weisz & Mclnerney, 1990; Wikgren, Ruusuvirta & Korhonen, 2002a).

CS-mediated reflex facilitation was indicated by the finding that the UR in
the paired group was facilitated more if the US was preceded by the CS, despite
the fact that the initial level of responding was the same in both paired and US-
alone trials (Wikgren, Ruusuvirta, & Korhonen, 2002a). The data suggest that
CS-mediated reflex facilitation, at this phase of learning, reflects a conditioned
change in the organism. Whatever this change might be, it affects the processing
of the US in a facilitative manner.

CR-related reflex facilitation was seen as a relatively permanent increase
in the UR amplitude in the US-alone trials, when the paired and unpaired
groups were compared (Wikgren & Korhonen, 2001b; Wikgren, Ruusuvirta, &
Korhonen, 2002a). This indicates a relatively permanent modification of the
US/UR-circuit. This result is in accordance with those of Scheurs, Oh,
Hirashima and Alkon (1995), who found CR-related reflex facilitation in US-
alone trials when a robust level of CRs was achieved, but not when the extent of
conditioning was low (17% CRs after the first day of conditioning in their data).

The relationship between the different types of reflex facilitation and the
memory trace for the discrete CR was investigated by inactivating the IPN
(Wikgren & Korhonen, 2001b; Wikgren, Ruusuvirta, & Korhonen, 2002a) and by
comparing trials with or without overt CR (Wikgren, Ruusuvirta, & Korhonen,
2002b). Summarizing the results of these studies, it was shown that CS-
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mediated reflex facilitation is independent of the memory trace for the discrete
association and that CR-related reflex facilitation depends, at least to some
extent on the cerebellar functioning. The CS, in trained animals, had an effect on
the UR even when the IPN was inactivated (Wikgren & Korhonen, 2001b,
Wikgren, Ruusuvirta, & Korhonen, 2002a) and when the animal failed to emit
the discrete CR (Wikgren, Ruusuvirta, & Korhonen, 2002b). Further, the
reversible inactivation of the IPN, after the unpaired treatment, was not found
to affect UR amplitude in US-alone trials, but did so after the paired treatment
(Wikgren & Korhonen, 2001b). This evidence further suggests that, in
particular, the CS-US association formed by the IPN was also linked to the
processing of the US presented alone.

Earlier studies suggest that reflex facilitation is specific to the physical
features of the CS immediately preceding the US (Weisz & LoTurco, 1988;
Weisz & Mclnerney, 1990), a key feature necessary for the CS acting as a signal.
The exact nature of CS-mediated reflex facilitation remains to be seen. One
possibility, however, is that this type of reflex facilitation might be related to a
conditioned emotive state, referring to the ability of the US, not only to possess
sensory and response-eliciting value as such, but also to induce aversiveness
(Richardson & Thompson, 1984; Thompson, Thompson, Kim, Krupa, &
Shinkman, 1998). This dissociation, at least in one direction, between the
emotive and non-emotive value of the US has been further indicated by the
finding that stimulation of the dorsal accessory olive as the US can be associated
with the CS without accompanying signs of aversiveness (Mauk, Steinmetz, &
Thompson, 1986). Thus, it is possible that the remaining, diffuse aspects of the
US might have become associated with the CS independently of the behavioral
response. This interpretation is further supported by the relative independence
of CS-mediated reflex facilitation on the cooling of the IPN, indicating that the
neural basis necessary for the related association must be other than the IPN.

What, then, might anatomically contribute to CS-mediated reflex
facilitation? Earlier evidence suggests that the related pathways diverge from
those necessary for the acquisition of the CR and maintenance already at the
lower levels of the CS pathway. Whereas reflex facilitation can be induced by
the electrical stimulation of the cochlear nucleus as the CS, this cannot be done
when the nuclei later along this pathway (the superior olive, inferior colliculus
or medial geniculate nucleus) are stimulated (Nowak, Kehoe, Macrae &
Gormezano, 1999). This finding further converges with the findings on another
line of research, the fear-potentiated startle effect (Davis, 1998), in which the
amplitude of the UR to an intensive stimulus (the startle reflex), such as a loud
tone, is modified by a state of fear. More specifically, pairing the neutral
stimulus with the startle-eliciting noise, the startle reflex becomes stronger in
paired trials, as measured by freezing behavior in rats or facial EMG responses
in humans. Similarly to reflex facilitation, the startle-eliciting stimulus elicits the
related behavior via the low levels of the CS pathway. The related neural circuit
consists of the connection between the sensory neurons in the cochlear root
nucleus and the neurons in the nucleus reticular pontis caudalis (Rosen,
Hitchcock, Sananes, Miserendino & Davis, 1991), which, in turn, has a
connection with the motor nuclei and the amygdala. Particularly the central
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nucleus of the amygdala seems to be a critical region for the acquisition and
maintenance of the fear-potentiated startle effect, as suggested by lesions to the
amygdala or its connections with the startle pathway (Hitchcock & Davis, 1991,
Hitchcock, Sananes & Davis, 1989).

Given that both the CS-mediated reflex facilitation and the fear-
potentiated startle effect reflect emotive aspects of learning and are contributed
to by the early parts of the auditory pathway, they might also be similar in
respect to both being dependent on the same critical region of the brain, the
amygdala. Consistently, animals with amygdalar lesion are compromised in the
CR acquisition and in exhibiting reflex facilitation during aversive conditioning
(Weisz, Harden & Xiang, 1992), which indicates that the amygdala might be
involved in learning the aversiveness of the US during eyeblink conditioning.
The role of the amygdala in reflex facilitation is further supported by the
finding that the electrical stimulation of the amygdala prior to presentation of
the US facilitates the UR (Whalen & Kapp, 1991). The neural substrate for this
effect seems to consist of the projections of the amygdalar central nucleus to the
lateral tegmental field in the thalamus which, in turn, project to a variety of
cranial motor nuclei (Hopkins & Holstege, 1978; Takeuchi, Satoda, Tashiro,
Matsushima, & Uemura-Sumi, 1988). Thus, via these connections, the amygdala
might modulate various reflexes, such as the nictitating membrane reflex
(Whalen & Kapp, 1991; Kapp, Supple & Whalen, 1994) independently of the
IPN.



3 DIFFUSE AND DISCRETE ASSOCIATIONS:
EPIPHENOMENA OR INTERACTIVE PROCESSES?

In sum, the biologically significant US wused in classical conditioning
experiments evokes both a discrete unconditioned reflexive movement and
diffuse reaction. Consequently, when the unconditioned stimulus is preceded
by an initially meaningless, conditioned stimulus, both responses to the US
become associated with the CS.

To make a distinction between two classes of associations during classical
aversive conditioning is by no means a new idea. In 1967, Jerzy Konorski made
such a distinction between preparatory and consummatory CRs (Konorski,
1967). Norman Weinberger (1998) has referred to nonspecific and specific
responses to express roughly the same idea. Thompson and his co-workers
(Thompson, Donegan, Clark, Lavond, Lincoln, Madden, Mamounas, Mauk, &
McCormick, 1987; Lavond, Kim & Thompson, 1993) also distinguished between
nonspecific and specific responses during conditioning. Moreover, it has for
long been known that different brain areas encode different aspects of the
learning task. This can be seen as a double dissociation between lesions in
different brain areas: For example, lesions to the cerebellar vermis prevent
heart-rate conditioning but not conditioned specific responses in rats (Supple &
Leaton, 1990) whereas lateral cerebellar lesion in rabbits prevent eyeblink
conditioning but not heart-rate conditioning (Lavond, Lincoln, McCormick &
Thompson, 1984).

General idea behind these distinctions is more or less the same.
Nonspecific, preparatory or diffuse associations are rapidly evolved, involve
autonomic responses and are state-related in the sense that they prepare the
organism to behave more congruently with the evoked state. Specific,
consummatory or discrete associations, on the other hand, take time to develop,
are learned responses to a certain local stimulation and involve skeletal
muscles. In general, diffuse responses are the same to a wide variety of stimuli,
whereas the aim of discrete responses is precisely aimed to deal with a certain
stimulus. For example, an airpuff to the cornea and an electric shock to a leg
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would evoke roughly the same diffuse responses but quite different discrete
behavioral responses. The exact nature of the interaction between these types of
associations is unclear, although correlative evidence supports the view that
relevant diffuse associations are accompanied by enhanced formation of the
discrete associations. For example, degree of reflex facilitation and learning rate
correlate strongly when the learning rate is regulated by different stimulus
parameters or pharmacological treatment (Harvey & Gormezano, 1981; Harvey,
Gormezano, & Cool-Hauser, 1985).

On the basis of the original work associated with this dissertation it is
proposed that the diffuse associations are not dependent on the cerebellum in
the same way as is the discrete association in the case of eyeblink conditioning.
It is also evident that the brain areas critically needed for formation of these
associations are different. The crucial question, therefore, is whether these
associations are independent or interactive processes.

3.1 Possible mechanisms

There are two possible mechanisms by which the diffuse association could
affect the formation of the discrete association. These could be referred to as
potentiated processing of either the US or the CS. It should be noted, however,
that these proposed mechanisms are not mutually exclusive, i.e., they could
both be equally valid.

According to the first of these, US potentiation hypothesis, the neural
functioning related to the CS-mediated reflex facilitation seen in the early phase
of eyeblink conditioning augments the error signal in the inferior olive nucleus
compared to the US-alone trials. The Rescorla-Wagner model of classical
conditioning is based on the ‘surprise value’ of the US. If the US occurs as a
non-predicted phenomenon to the subject, it is likely to contain maximal
surprise value. In contrast, an expected and predicted unconditioned stimulus
would have minimal surprise value. Thompson and his co-workers (Thompson,
Thompson, Kim, Krupa, & Shinkman, 1998) put this very simply:

I0O=US-CR

where 10 refers to activity in the inferior olive (value of the error signal), US is
the surprise value of the US and CR is the amount of learning. Thus, the error
output from the 10 equals the surprise value minus the amount of learning. In a
naive animal the US would be 1 and the CR would be 0. When learning is
maximal it would be vice versa. Thus, it is assumed that the amount of activity
in the inferior olive during a paired trial would directly reveal whether there is
something to be learned or not. This addresses nicely not only the formation of
the memory trace but also the blocking effect (Kamin, 1969), both theoretically
(Gluck, Allen, Myers & Thompson, 2001) and empirically (Kim, Krupa &
Thompson, 1998).
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A diffuse, state-related change could then have an effect on the formation
of the discrete association in the cerebellum by increasing the error signal given
by the inferior olive. Thus far, this possibility has not been addressed.

The second possibility for interaction between CS-mediated reflex
facilitation and an enhanced learning rate would include increased
responsiveness to the specific properties of the tone. The receptive field patterns
in the auditory cortex (“physiological memory”, Weinberger, 1998) and
response patterns in associative cortex (Kraus & Disterhoft, 1982) are quickly
modified by a tone in classical conditioning. Further, as it has been shown that
direct pontine nuclei stimulation can be used as a 'supernormal’ CS in classical
conditioning (Steinmetz, Rosen, Chapman, Lavond, & Thompson, 1986), the
cortical projections to the pontine nuclei could increase their activity thus
leading to an enhancement in discrete learning. In line with this notion,
Knowlton and Thompson (1992) showed that, as in the case of normal,
peripheral tone-CS, the interpositus nucleus and pontine nuclei are critical for
the sensorimotor learning when stimulation of the auditory cortex is used as a
CS. They also suggested that the projections from the auditory cortex to the
pontine nuclei may form the route along which the possible associations formed
in the cerebral cortex may modulate classical conditioning in the cerebellum
(Knowlton & Thompson, 1992; Knowlton, Thompson, & Thompson, 1993).
Further, as indicated by Tracy, Thompson, Krupa, and Thompson (1998), the
pontine nuclei not only relay information to the cerebellum but their
stimulation threshold is also lowered as a function of conditioning. Therefore
the CS-potentiation hypothesis could be studied by recording pontine nucleus
activity, particularly during the early phase of learning.

Recent evidence indicates that the amygdala is involved also in eyeblink
conditioning. More specifically, Neufeld and Mintz (2001) first presented a tone
CS paired with a startle tone US and then switched to eyeblink conditioning. It
was found that this group of rats learned the eyeblink CR faster than the control
group which had no prior emotional conditioning treatment. The same was
then done with amygdala-lesioned rats, which showed no such superiority over
the control group. This suggests not only that the diffuse association affects the
formation of the discrete association but also that it is the amygdala that is the
critical site for this kind of learning. The projections from the amygdala to the
cerebellum, then, are the crucial connection when postulating a brain
mechanism responsible for the interaction of diffuse and discrete associations.
Projections of the amygdalar central nucleus (ACe) to the lateral tegmental field
in the thalamus, which project onto a variety of cranial motor nuclei, may form
the substrate by which the ACe contributes to the conditioned modulation of
various reflexes, such as the nictitating membrane reflex (Whalen & Kapp, 1991;
Kapp, Supple & Whalen, 1994).



4 DISCUSSION

4.1 Original findings

The original findings associated with this dissertation lend support to an idea
that discrete and diffuse associations are formed in relative independence, and
differ in their temporal manifestation in the learning process. However, they
may be interrelated phenomena in the sense that diffuse associations affect the
formation of the discrete association by enhancing the processing of the
relevant stimulus. This can be concluded from the findings that a) the rabbit
responds more vigorously to the US if it is preceded by a CS which has
previously been paired with the US before (study Ill); b) inactivating the
discrete association does not interfere with the facilitative effect of the CS
(studies Il and I11); and c) this facilitation can also be seen during trials where a
trained rabbit sometimes fails to emit the CR (study IV).

The view that the cerebellum, and especially the interpositus nucleus, is a
critical area for the discrete association in eyeblink conditioning was supported
by the finding that its temporal inactivation abolishes the discrete conditioned
responses in the case of the somatosensory CS as well (Study I). This shows that
the role of the interpositus nucleus in the formation of the discrete association is
not related to the physical properties of the CS.

4.2 Concluding remarks

Some more or less speculative remarks can be made regarding the use of the
eyeblink conditioning paradigm in learning studies. From an evolutionary
perspective, it is reasonable to assume that the diffuse and discrete associations
serve to accomplish the same adaptive goal as interactive processes. Therefore,
it is hard to believe that even though these associations show some
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independence, they do not affect each other. The crucial question, however, is
whether conditioned reflex facilitation is a good dependent variable for the
measurement of the diffuse association. The evidence presented in the present
dissertation indicates that reflex facilitation might well reflect diffuse
associations during eyeblink conditioning and thus provide an index of the
state-related changes in the subject.

Learning does not take place in isolation but as a process of adjusting to
the environment. Even though the performance vs. learning debate has
consistently come down on the side of the view that they are not critically
dependent on each other (Steinmetz, Lavond, Ivkovich, Logan, & Thompson,
1992), this does not mean that learning in normal conditions would not involve
gradual improvement in performance. The work of Thompson and his
colleagues has shown that performance is not necessary for learning, but this
hardly allows the conclusion that better performance would not lead to better
learning. Better performance, for its part, could be defined as those actions
taken to obtain information more selectively with regard to the task the
organism is engaged on. In normal conditions, of which the rabbit eyeblink
conditioning paradigm is hardly a natural example, performance is needed in
order to selectively attend to those stimuli and conditions, which previously led
to biologically significant occurrences. Thus, it is possible that the reflex
facilitation seen during the rabbit eyeblink conditioning paradigm offers a tool
by means of which the circular nature of the natural learning process can be
studied.
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YHTEENVETO

Tasmalliset ja laaja-alaiset ehdollistumat klassisessa aversiivisessa
ehdollistumisessa

Tutkimus keskittyy eri tyyppisiin opittuihin reaktioihin aversiivisen klassisen
ehdollistamisen aikana. Kaytetty tutkimusasetelma oli kanin silmanisku-
ehdollistaminen, jossa kania opetetaan tekemaan vilkkuluomirefleksi sindnsa
neutraaliin &aneen, johon ei alun perin liity kayttaytymisvastetta. Vilkkuluomi-
refleksi aiheutettiin ilmapuhalluksella silmaén, joka on luonteeltaan valttamis-
refleksin aiheuttava tapahtuma. Ilmapuhallus aiheuttaa vilkkuluomirefleksin
(tdsmallisen reaktion) liséksi autonomisen hermoston aktivaation muutoksia
(laaja-alaisia reaktioita), joika puolestaan voi mitata esim. sydamen syketihey-
den muutoksina. Ehdollistamisvaiheessa kanille esitetddn neutraali arsyke
(esim. &ani) ennen ilmapuhallusta, jonka seurauksena kani vahitellen oppii réa-
payttamaan silmaansa reaktiona pelkkaan aaneen. Taman lisdksi aanella voi-
daan havaita myos vaikutus alkuperdisen ehdottoman refleksin voimakkuu-
teen. Jo kauan ennen tasmallisen ehdollistuman oppimista kani reagoi voimak-
kaammin ilmapuhallukseen d@aneen yhdistettyna kuin siind tapauksessa etta il-
mapuhallus esitettéisiin yksinaan. Tata ilmiota kutsutaan refleksifasilitaatioksi.

Tasmallisen ehdollistuman (vilkkuluomen liike vasteena &aneen)
“muistijalki” on voitu paikantaa pikkuaivojen interpositus-tumakkeeseen. Téa-
man tumakkeen tuhoaminen estda taydellisesti tdismallisen vasteen muistijaljen
syntymisen ja jo ehdollistuneilla eldaimilld tehdyt leesiot aiheuttavat opitun
vasteen taydellisen katoamisen. Kuitenkaan kyseisen tumakkeen tuhoamisella
ei ole vaikutusta refleksiiviseen kayttaytymiseen tai aistitoimintoihin sinénsa.
Koska muistijalki on ndin voitu paikantaa, voidaan hyvin tutkia muita mahdol-
lisia ehdollistumia vilkkuluomiehdollistamisen aikana. Aiemmin on havaittu,
ettd pikkuaivojen leesio ei esta refleksifasilitaatiota tai laaja-alaisten ehdollistu-
mien syntymistd. Tama nakyy mm. siiné ettd pikkuaivoleesioitujen kanien sy-
damen syketiheyden muutokset voidaan ehdollistaa. Toisaalta taas tiedetaan,
ettd etuaivojen (erityisesti mantelitumakkeen) vauriot estavat laaja-alaisten eh-
dollistumien syntymisen estamatta kuitenkaan esim. vilkkuluomirefleksin eh-
dollistumista. Mantelitumakkeen vauriot kyllakin hidastavat oppimista ja esta-
vat refleksifasilitaation, mika antaa aihetta olettaa ettd refleksifasilitaatio seka
on yhteydessa laaja-alaisiin ehdollistumiin etté heijastaa prosessia jolla oppimi-
nen tehostuu.

Ensimmaisessd tutkimuksessa tutkittiin interpositus-tumakkeen toimin-
nan yhteytta klassiseen ehdollistamiseen silloin kun ehdollisena arsykkeena
kaytetdan yleisesti kaytetyn aanen sijasta neutraalia somatosensorista arsyketta.
IImapuhallus silméan yhdistettiin pitkaan ilmapuhallukseen annettuna keskelle
selkad, jonka seurauksena kani oppi tekemaan vilkkuluomirefleksin jo ehdolli-
sen arsykkeen aikana. Taméan jalkeen kanin interpositus-tumakkeeseen etuka-
teen leikkauksessa sijoitetun jadhdytysputken avulla tumakkeen lampdétila las-
kettiin alle 20 asteen, jolloin tumakkeen solut eivat enda toimineet. Jadhdytyk-
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tekemaan vilkkuluomirefleksin jo ehdollisen arsykkeen aikana. Taman jalkeen
kanin  interpositus-tumakkeeseen  etukateen leikkauksessa  sijoitetun
jadhdytysputken avulla tumakkeen lampoétila laskettiin alle 20 asteen, jolloin
tumakkeen solut eivat enda toimineet. Jadhdytyksen aikana myds opittu vaste
havisi, mistd voidaan péaatelld interpositus-tumakkeen olevan valttaméaton
tasmallisen ehdollistuman syntymiselle riippumatta siitd, mika aistipiiri valittaa
ehdollisen arsykkeen. Voidaan myo6s paatella, ettd interpositus-tumakkeen
tasolla arsykkeita kasitelladn paremminkin informaation kuin aistienergian
muodossa.

Toisessa ja kolmannessa tutkimuksessa tutkittiin alkuperaisen refleksin
muokkautumista klassisen ehdollistamisen aikana ja muokkautumisen yhteytta
interpositus-tumakkeen toimintaan. Tumake jaahdytettiin edella mainitulla
tavalla ndenndisehdollistamisen (jossa arsykkeita esitettiin toisistaan irrallaan)
ja klassisen ehdollistamisen jéalkeen. Yhteenvetona ndistd voi todeta, ettd
refleksin muokkautuminen (fasilitaatio) liittyy kolmeen asiaan: Ensinakin
refleksi voimistuu jo pelkasta altistuksesta ilmapuhallukselle, tatd kutsuttiin
kokemukseen liittyvaksi refleksi-fasilitaatioksi (experience-related reflex
facilitation). Toiseksi voitiin havaita refleksin voimistuminen, joka oli
yhteydessa opitun tdsmallisen vasteen voimakkuuden kanssa (CR-related reflex
facilitation). Kolmanneksi voitiin  luokitella ehdollisesta  &arsykkeesta
riippuvainen refleksin voimistuminen (CS-mediated reflex facilitation).
Interpositus-tumakkeen jadhdytyksen aikana &anella oli yh& vaikutus
ehdottomaan refleksiin, josta voitiin pdaatella ehdollisestda arsykkeesta
riippuvaisen refleksifasilitaation riippumattomuus tasmallisten muistijalkien
kannalta valttamattomista aivorakenteista.

Neljannessa tutkimuksessa tarkasteltiin tuntoaivokuoren hermostollista
aktiivisuutta  (monisoluaktiivisuus)  vilkkuluomiehdollistamisen aikana.
Tarkempana tavoitteena oli tutkia, liittyykdé taman alueen aktiivisuus
tasmalliseen vai laaja-alaiseen muistijalkeen. Taman takia oppineiden kanien
tuntoaivokuoren aktiivisuutta verrattiin tilanteissa jossa kani joko tuottaa
ehdollisen tadsmallisen vasteen tai jostain syysta jattda sen tekemattd (on
yleisesti tiedossa, ettd hyvinkin opetettu kani silloin tallin jattad reagoimatta
ehdolliseen &rsykkeeseen). Koe osoitti ettd tuntoaivokuorella esiintyy
samanlaista oppimiseen liittyvdd hermostollista toimintaa kuin on havaittu
monella muulla alueella aiemmin. TAma oppimiseen liittyva aktiivisuus jai
kuitenkin pois silloin kun kani ei tuottanut opittua tdsmallista vastetta, vaikka
edella mainittu refleksifasilitaatio havaittiin naillakin kerroilla. Tasta voidaan
paatella ettd tuntoaivokuoren aktiivisuus liittyy tasmalliseen muistijalkeen eika
laaja-alaiseen ehdollistumaan.

Kokonaisuutena naiden kokeiden tulokset tukevat katsausosassa esitettya
nakemystd, jonka mukaan eri aivoalueet ovat eri maarin tekemisissa erilaisten
ehdollistumien synnyssa. Refleksifasilitaatio, joka ndhdaan oppimisen aikana
voi edustaa prosessia, joka tehostaa nisdkkdiden oppimista, silla
refleksifasilitaation suuruuden on todettu korreloivan voimakkaasti
tasmallisten assosiaatioiden muodostumisnopeuden kanssa.
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APPENDIX: SUMMARY OF THE ORIGINAL STUDIES

General methodology

Animals. New Zealand albino rabbits were used as subjects in all experiments.
The animals were individually housed in metal cages on a 12:12 hr light-dark
cycle with free access to food and water. All the experimental procedures were
performed during the light portion of the cycle. Experiments were carried out
in accordance with the European Communities Council Directive (86/609/EEC)
regarding the care and use of animals for experimental procedures.

Surgery. The animals were anesthetized with an i.m. injection of ketamine-
xylazine cocktail. The anesthetized animals were placed in a stereotaxic
instrument (Kopf Instruments) with the bregma 1.5 mm above the lambda. A
longitudinal incision was made to reveal the skull onto which the headstage
designed to hold the minitorque potentiometer was cemented with dental
acrylic using four stainless steel anchoring screws. The electrode implantation
procedure (Study IV) has been described earlier in detail (Korhonen, 1991). In
studies I, Il and I1ll, these guidelines were applied to the implantation of the
cold probe. The tip of the cold probe was targeted at the vicinity of the
interpositus nucleus (see Figure 3). At the end of the surgery, a nylon loop was
sutured into, but not through the nictitating membrane (NM) of the right eye.
Analgesics were provided 2 hours after surgery and additionally if needed. The
animals were given at least one week to recover after surgery before the actual
experimental procedures.

Procedure. During the experiments, the loop sutured to the NM was linked
by a rigid stainless steel hook to the swivel arm of the minitorque potentiometer

FIGURE 3 Cold probe implantation and functioning.
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FIGURE 4 Schematic illustration of the paired treatment.

to measure the movement of the NM. The extension of the NM was transduced
to voltage by the potentiometer (1 mm equalled 1 V). On the first day, the
animals were adapted to the experimental situation by placing them in a
Plexiglas restraining box (Gormezano et al, 1962) located in a soundproof
conditioning chamber.

The rabbits were subjected to either unpaired or paired treatment. The CS
used was an airpuff on the back (Study 1) or a tone (Studies II, Il and V). The
duration of the CS was always 350 ms. The US was an airpuff towards the
cornea. The duration of the airpuff was 100 ms, and when presented in paired
trials the CS and the US co-terminated (delayed conditioning paradigm, see
Figure 4). In unpaired treatment the stimuli were presented pseudorandomly so
that they never occurred together. In paired treatment one session consisted of
60 paired presentations and 10 US-alone and 10 CS-alone test trials.

Data Analysis. In the analyses, t-tests for paired samples and analyses of
variance (ANOVA) for repeated measures were used. In the ANOVAs,
Greenhouse-Geisser-adjusted degrees of freedom for the averaged tests of
significance were used whenever the sphericity assumption was violated.

Histology. After the experiments, the animals were anesthetized with i.m.
injection of ketamine-xylazine cocktail and then overdosed by an i.v. injection
of pentobarbital. The rabbits were then perfused via the ascending aorta with
saline followed by 10 % formalin. The brain was removed and fixed in 10%
formalin solution for at least one week. Locations of the electrode or cold probe
tips were determined according to the stereotaxic brain atlas for rabbits.

Study I: Somatosensory CS and IPN inactivation

Earlier studies suggest that the memory trace for the conditioned eyeblink
reflex is formed and maintained in the interpositus nucleus (IPN) in the deep
cerebellar nuclei when either an auditory or visual stimulus is used as a
conditioned stimulus (CS). It is also presumed that IPN functioning in the
formation of the discrete association is not specific to the modality of the CS.
Therefore, in this study, the basic procedure for eyeblink conditioning was
replicated but a somatosensory CS (an airpuff onto the back) was used. In well-
trained animals, the IPN was reversibly inactivated by a cold probe and the
existence of the learned responses to the CS was then tested.



39

The reversible IPN inactivation blocked the memory trace to the
somatosensory CS. The finding further supports the view that IPN-mediated
memory trace formation is not dependent on the modality of the CS.

Study II: UR amplitude and IPN inactivation

The role of the IPN in the formation of discrete associations is well known. It is
also known that UR amplitude is facilitated as a function of the extent of
conditioning. The aim of this study was to test whether IPN inactivation has an
effect on UR amplitudes after unpaired and paired treatments.

The amplitude of unconditioned responses (URs) in presentations of the

unconditioned stimulus (US) alone were measured in six rabbits during
explicitly unpaired and classical conditioning treatments. After both phases of
the experiment, the interpositus nucleus (IPN) was reversibly inactivated by a
cold probe.
URs after unpaired treatment were unaffected by inactivation, but after
acquisition of a robust level of conditioned responses URs in US-alone test trials
were reduced in amplitude compared with URs immediately before and after
inactivation. The results suggest that the IPN has a role in CR-related reflex
modification.

Study IlI: Reflex facilitation in eyeblink conditioning

Reflex facilitation of the UR and its associative and non-associative properties
were studied in more detail.

In Experiment 1, by comparing unconditioned responses (URs) in the
unpaired and paired groups, three types of reflex facilitation were
distinguished. One type was linked to the mere exposure to the unconditioned
stimuli (USs) and/or experimental setting (experience-related reflex
facilitation). The second type was related to the formation of the memory trace
for conditioned eyeblink (CR-related reflex facilitation). The third type was
linked to the immediate precedence of the conditioned stimulus (CS) in the
paired group (CS-mediated reflex facilitation). In Experiment 2, reversible
inactivation of the interpositus nucleus (IPN, the plausible core of the
sensorimotor learning system) abolished the CR and reduced the CR-related
reflex facilitation, indicating that it depends, at least to some extent, on the
plasticity of the IPN. It was concluded that the CS-mediated reflex facilitation
could be seen as an index of the diffuse associations taking place in eyeblink
conditioning.

Study IV: SCx activity linked to sensorimotor memory trace

Behavioral and neural responses of the somatosensory cortex were recorded in
nine rabbits during explicitly unpaired and subsequent paired classical eyeblink
conditioning treatments. Furthermore, the activity in the somatosensory cortex
in CR-failure trials were compared to those with successful CRs and to US-
alone trials.
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During the unpaired treatment, neither behavioral responses exceeding
the criterion for conditioned response (CR) nor neural responses to the tone
were found. During the classical conditioning, both neural responses and
behavioral CRs emerged. However, even after obtaining behavioral responses
exceeding the CR criterion, such responses occasionally failed to occur. In these
trials, neural responses to the tone could not be found either. The results
suggest that learning-related plasticity in the somatosensory cortex is linked to
sensorimotor learning and thus reflects the widely distributed efferent copy of
the discrete, cerebellar memory trace.
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analytical and response analytical factor
results. 223 p. Summary 14 p. 1967.

TENKKU, Jussl, Are single moral rules absolute in
Kant’s ethics? 31 p. 1967.

RuorriLA, IsTo, Nuorten ja varttuneiden opiskeli-
joiden véliset asenne-erot erdissé ylioppilas-
pohjaisissa oppilaitoksissa. — Attitude
differences between young and advanced
university and college students. 182 p.
Summary 14 p. 1967.

KarvoNEN, JuHANI, The structure, arousal and
change of the attitudes of teacher education
students. 118 p. 1967.

ELoNEN, ANNA S., Performance scale patternsin
various diagnostic groups. 53 p. 1968.
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TuomoLa, Uuno, Kansakouluntarkastajaan
kohdistuvista rooliodotuksista. — On role-
expectations applied to school inspectors. 173
p. Summary 8 p. 1968.

PiTkANEN, LEA, A descriptive model of
aggression and nonaggression with
applications to childrens behaviour. 208 p.
19609.

KoskiaHo, BrRiTTA, Level of living and
industrialisation. 102 p. 1970.

KuusiNEN, JormA, The meaning of another
person’s personality. 28 p. 1970.

VILANEN, ErkkI, Pohjakoulutustaso ja kansa-
koulunopettajan kehitysymparistéjen muo-
dostuminen. — The level of basic education in
relation to the formation of the development
milieus of primary school teachers. 280 s.
Summary 13 p. 1970.

Hagcrors, CARL, The galvanic skin response
and its application to the group registration of
psychophysiological processes. 128 p. 1970.
KARVONEN, JuHANI, The enrichment of
vocabulary and the basic skills of verbal
communication. 47 p. 1971.

Serpo, Simo, Abiturienttien asenteet uskonnon-
opetukseen. — The attitudes of students toward
religious education in secondary school. 137
p. Summary 5 p. 1971.

Renko Manu, Opettajan tehokkuus oppilaiden
koulusaavutusten ja persoonallisuuden
kehittamisessé. — Teacher’s effectivenessin
improving pupils’ school achievements and
developing their personality. 144 p. Summary
4 p. 1971.

VAHERVA, Tario, Koulutustulokset peruskoulun
ala-asteella yhteisomuuttujien selittdminé. —
Educational outcomes at the lower level of the
comprehensive school in the light of ecological
variables. 158 p. Summary 3 p. 1974.
OLKINUORA, ErkkI, Norm socialization. The
formation of personal norms. 186 p.
Tiivistelma 4 p. 1974.

LukANEN, PIrkko, Increasing creativity through
art education among pre-school children. 44 p.
Tiivistelma 4 p. 1975.

ELONEN, ANNA S., & GUYER, MELVIN, Comparison
of qualitative characteristics of human figure
drawings of Finnish children in various
diagnostic categories. 46 p. Tiivistelma 3 p.
1975.

KAARIAINEN, RisTo, Physical, intellectual, and
personal characteristics of Down’s syndrome.
114 p. Tiivistelmé& 4 p. 1975.

MAATTA, PauLa, Images of a young drug user.
112 p. Tiivistelma 11 p. 1976.

ALANEN, PENTTI, Tieto ja demokratia. — Episte-
mology and democracy. 140 p. Summary 4 p.
1976.

NuppPoNEN, RiTTA, Vahvistajaroolit aikuisten ja
lapsen vuorovaikutuksessa. — The experi-
mental roles of reinforcing agent in adult-child
interaction. 209 p. Summary 11 p. 1977.
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TeIkARI, VEIKKO, Vigilanssi-ilmidn mittaamises-
ta ja selitysmahdollisuuksista. - On mea-
suring and explanation of vigilance. 163 p.
Summary 2 p. 1977.

VoLANEN, RisTo, On conditions of decision
making. A study of the conceptual found-
ations of administration. — Paatdksenteon
edellytyksista. Tutkimus hallinnon kasitteel-
lisista perusteista. 171 p. Tiivistelma 7 p. 1977.
LyyTINEN, PAULA, The acquisition of Finnish
morphology in early childhood. — Suomen
kielen morfologisten sédnndnmukaisuuksien
omaksuminen varhaislapsuudessa. 143 p.
Tiivistelma 6 p. 1978.

HakamAki, Simo, Maaseudulle muutto muutto-
lilkkeen osana. — Migration on rural areas as
one element of migration as awhole. 175 p.
Summary 5 p. 1978.

MoBERG, SAKARI, Leimautuminen erityispedago-
giikassa. Nimikkeisiin apukoululainen ja
tarkkailuluokkalainen liittyvat kasitykset ja
niiden vaikutus hypoteettista oppilasta koske-
viin havaintoihin. — Labelling in special
education. 177 p. Summary 10 p. 1979.
AHVENAINEN, Ossi, Lukemis- ja kirjoittamis-
hairidinen erityisopetuksessa. — The child
with reading and writing disabilities in
special education. 246 p. Summary 14 p. 1980.
HurmEe, HELENA, Life changes during child-
hood. — Lasten elamé&nmuutokset. 229 p.
Tiivistelma 3 p. 1981.

TUTKIMUS YHTEISKUNTAPOLITIIKAN VIITOITTAJANA.
Professori Leo Paukkuselle omistettu juhlakir-
ja. 175 p. 1981.

HirsiARvI, SIRKKA, Aspects of consciousness in
child rearing. — Tietoisuuden ongelma koti-
kasvatuksessa. 259 p. 1981.

LasoNEN, KARi, Siirtolaisoppilas Ruotsin
kouluyhteis6ssa. Sosiometrinen tutkimus. - A
sosio-metric study of immigrant pupils in the
Swedish comprehensive school. 269 p.
Summary 7 p. 1981.

AJATUKSEN JA TOIMINNAN TIET. Matti Juntusen
muistokirja. 274 p. 1982.

MAKINEN, RAaIMo, Teachers’ work, wellbeing,
and health. — Opettajan ty6, hyvinvointi ja
terveys. 232 p. Tiivistelma 2 p. 1982.
KAaNKAINEN, Mikko, Suomalaisen peruskoulun
eriyttdmisratkaisun yhteiskunnallisen taustan
jasiirtyméavaiheen toteutuksen arviointi. 257
p. Summary 11 p. 1982.

WaLLs, GeEora, Health care and social welfare
in, cooperation. 99 p. Tiivistelm& 9 p. 1982.
Koivukari, Miriami, Rote learning compreh-
ension and participation by the learnes in
Zairian classrooms. — Mekaaninen oppimi-
nen, ymmartaminen ja oppilaiden osallistumi-
nen opetukseen zairelaisissa koululuokissa.
286 p. Tiivistelma 11p. 1982.

KopoNEN, RiTva, An item analysis of tests in
mathematics applying logistic test models. —
Matematiikan kokeiden osioanalyysi logistisia
testimalleja kayttéen. 187 p. Tiivistelma 2 p.
1983.
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PexkoNEN, KyosTi, Byrokratia politiikan ndko-
kulmasta. Politiikan ja byrokratian keskinai-
nen yhteys valtio- ja yhteiskuntaprosessin
kehityksen valossa. — Bureaucracy from the
viewpoint of politics. 253 p. 1983.

LyyTineNn, Heikki, Psychophysiology of anti-
cipation and arousal. — Antisipaation ja viria-
misen psykofysiologia. 190 p. Tiivistelma 4 p.
1984.

KorkiAKANGAS, Mikko, Lastenneuvolan tervey-
denhoitajan arvioinnit viisivuotiaiden lasten
psyykkisesta kehityksesté. — The
psychological assessment of five-year-old
children by public health centres. 227 p.
Summary 14 p. 1984.

HUMAN ACTION AND PERSONALITY. ESsays in
honour of Martti Takala. 272 p. 1984.
MATILAINEN, Jouko, Maanpuolustus ja edus-
kunta. Eduskuntaryhmien kannanotot ja
koheesio maanpuolustuskysymyksissa
Paasikiven-Kekkosen kaudella 1945-1978. —
Defence and Parliament. 264 p. Summary 7 p.
1984.

PUOLUE, VALTIO JA EDUSTUKSELLINEN DEMOKRATIA.
Pekka Nyholmille omistettu juhlakirja. — Party,
state and representational democracy. 145 p.
Summary 2 p. 1986.

SuslAINEN, MARTTI, Intressit, yhdistyslaitos ja
poliittisen jarjestelmén vakaisuus. — Interests,
voluntary assiociations and the stability of the
political system. 367 p. Summary 6 p. 1986.
MATTLAR, CARL-ERIK, Finnish Rorschach
responses in cross-cultural context: A norma-
tive study. 166 p. Tiivistelméa 2 p. 1986.

Avsto, SEua, Neuropsychological aspects of
simultaneous and successive cognitive pro-
cesses. — Rinnakkaisen ja perakkaisen infor-
maation prosessoinnin neuropsykologiasta.
205 p. Tiivistelma 10 p. 1987.

LinpH, Raimo, Suggestiiviset mielikuvamallit
kayttaytymisen muokkaajina tarkkailuluokka-
laisilla. — Suggestive covert modelingasa
method with disturbed pupils. 194 p.
Summary 8 p. 1987.

KorHONEN, TAPANI, Behavioral and neural
short-lateney and long-latency conditioned
responses in the cat. — Valittomét ja viivastetyt
hermostol-liset ja kdyttaytymisvasteet klassi-
sen ehdollista-misen aikana kissalla. 198 p.
Tiivistelma 4 p. 1987.

PAHKINEN, TuuLA, Psykoterapian vaikutus
minakasitykseen. Psykoterapian
kaynnistdméan muutosprosessin vaikutus
korkeakouluopiskelijoiden mingkésitykseen. —
Change in self-concept as a result of psycho-
therapy. 172 p. Summary 6 p. 1987.

Kangas, ANITA, Keski-Suomen kulttuuri-
toimintakokeilu tutkimuksena ja politiikkana.
— The action research on cultural- activities in
the Province of Central Finland. 301 p.
Summary 8 p. 1988.

Hurwme, HELENA, Child, mother and
grandmother. Interegenerational interaction in
Finnish families. 187 p. 1988.



JYVASKYLA STUDIES IN EDUCATION,

65

66

67

68

69

70

71

72

73

74

75

76

Rasku-PuTToNEN, HELENA, COmmunication
between parents and children in experimental
situations. — Vanhempien ja lasten kommuni-
kointi strukturoiduissa tilanteissa. 71 p.
Tiivistelm&a 5 p. 1988.

ToskaLA, ANTERO, Kahvikuppineurootikkojen
ja paniikkiagorafoobikkojen mindkuvat
minasysteemin rakenteina ja kognitiivisen
oppimis-terapian perustana. — The self-images
of coffee cup neurotics and panic
agoraphobics as structures of a selfsystem and
a basis for learning therapy. 261 p. Summary 6
p. 1988.

HAKKARAINEN, Luisa, Kuurojen ylaasteen oppi-
laiden kirjoitetun kielen hallinta. - Mastery of
written language by deaf pupils at the upper
level of Comprehensive school. 281 p.
Summary 11 p. 1988.

NATTI, Jouko, Tydmarkkinoiden
lohkoutuminen. Segmentaatioteoriat, Suomen
tydmarkkinat ja yritysten tydvoimastrategiat. -
Segmentation theories, Finnish labour markets
and the use of labour in retail trade. 189 p.
Summary 10 p. 1989.

AALTOLA, JuHANI, Merkitys opettamisen ja
oppimisen nakdkulmasta Wittgensteinin
my0hadisfilo-sofian ja pragmatismin valossa. -
Meaning from the point of view of teaching
and learning in the light of Wittgenstein’s
later philosophy and pragmatism. 249 p.
Summary 6 p. 1989.

KINNUNEN, ULLA, Teacher stress over a school
year. - Opettajan ty6stressi lukuvuoden
aikana. 61 p. Tiivistelma 3 p. 1989.

BRreUER, HELMUT & RuoHo, Kari (Hrsg.),
Padagogisch-psychologische Prophylaxe bei
4-8 jahrigen Kindern. - Pedagogis-psykologi-
nen ennaltaehkaisy neljastd kahdeksaan
vuoden idssé. 185 S. Tiivistelm& 1 S. 1989.
LummELAHTI, LEENA, Kuusivuotiaiden sopeutu-
minen paivakotiin. Yksilollistetty mallioppi-
mis-ohjelma paivékotiin heikosti sopeutuvien
kuusivuotiaiden ohjauksessa sekd vanhempi-
en kasvatuskaytannon yhtey-det lapsen
sopeutumiseen ja minakasitykseen. - The
adjustment of six-year-old children to day-
care-centres. 224 p. Summary 9 p. 1990.
SaLoviiTa, Timo, Adaptive behaviour of
institutionalized mentally retarded persons. -
Laitoksessa asuvien kehitysvammaisten
adaptiivinen kayttaytyminen. 167 p.
Tiivistelma 4 p. 1990.

PAaLoNEN, KaRri et Suera, LEENA (EdS.), Jean-Paul
Sartre - un philosophe du politique. - Jean-
Paul Sartre - poliittisuuden filosofi. 107 p.
Tiivistelma 2 p. 1990.

SINIVUO, JuHANI, Kuormitus ja voimavarat
upseerin uralla. - Work load and resources in
the career of officers. 373 p. Summary 4 p. 1990.
PoLkki, Pirio, Self-concept and social skills of
school beginners. Summary and discussion. -
Koulutulokkaiden minakasitys ja sosiaaliset
taidot. 100 p. Tiivistelma 6 p. 1990.
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HuTTuNEN, Jouko, Isén merkitys pojan sosiaali-
selle sukupuolelle. - Father’s impact on son’s
gender role identity. 246 p. Summary 9 p.1990.
AHONEN, Timo, Lasten motoriset koordinaatio-
hairiot. Kehitysneuropsykologinen seuranta-
tutkimus. - Developmental coordination
disorders in children. A developmental neuro-
psychological follow-up study. 188 p.
Summary 9 p. 1990.

MurTo, KARI, Towards the well functioning
community. The development of Anton
Makarenko and Maxwell Jones’ communities.
- Kohti toimivaa yhteistd. Anton Makarenkon
ja Maxwell Jonesin yhteisojen kehitys. 270 p.
Tiivistelma 5 p. Cp2~<, 5c¢.1991.

SEIKKULA, JAAKKO, Perheen ja sairaalan raja-
systeemi potilaan sosiaalisessa verkostossa. -
The family-hospital boundary system in the
social network. 285 p. Summary 6 p. 1991.
ALANEN, ILkkA, Miten teoretisoida maa-talou-
den pientuotantoa. - On the conceptualization
of petty production in agriculture. 360 p.
Summary 9 p. 1991.

NIEMELA, Eino, Harjaantumisoppilas perus-
koulun liikuntakasvatuksessa. - The trainable
mentally retarded pupil in comprehensive
school physical education. 210 p. Summary

7 p. 1991.

KariLA, IRMA, Lapsivuodeajan psyykkisten
vaikeuksien ennakointi. Kognitiivinen malli. -
Prediction of mental distress during puer-
perium. A cognitive model. 248 p. Summary

8 p. 1991.

HaAaApPAsALO, JAANA, Psychopathy as a
descriptive construct of personality among
offenders. - Psykopatia rikoksentekijoiden
persoonallisuutta kuvaavana konstruktiona.
73 p. Tiivistelma 3 p. 1992.

ARNKIL, ERIK, Sosiaalitydn rajasysteemit ja
kehitysvyohyke. - The systems of boundary
and the developmental zone of social work. 65
p. Summary 4 p. 1992.

Nikk1, Mana-Lisa, Suomalaisen koulutusjarjes-
telman kielikoulutus ja sen relevanssi. Osalll. -
Foreign language education in the Finnish
educational system and its relevance. Part 2.
204 p. Summary 5 p. 1992.

Nikki, Mana-Lisa, The implementation of the
Finnish national plan for foreign language
teaching. - Valtakunnallisen kielenopetuksen
yleissuunnitelman toimeenpano. 52 p.
Yhteenveto 2 p. 1992.

VaskiLampl, TuuLA, Vaihtoehtoinen terveyden-
huolto hyvinvointivaltion terveysmarkki-
noilla. - Alternative medicine on the health
market of welfare state. 120 p. Summary 8 p.
1992.

Laakso, KirsTl, Kouluvaikeuksien ennustami-
nen. Kayttaytymishairiot ja kielelliset vaikeu-
det peruskoulun alku- ja paattévaiheessa. -
Prediction of difficulties in school. 145 p.
Summary 4 p. 1992.
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SUUTARINEN, SAkARI, Herbartilainen pedagogi-
nen uudistus Suomen kansakoulussa vuosisa-
dan alussa (1900-1935). - Die Herbart’sche
padagogische Reform in den finnischen
Volksschulen zu Beginn dieses Jahrhunderts
(1900-1935). 273 p. Zusammenfassung 5 S. 1992.
AutToLA, Tario, Uuden opiskelijatyypin synty.
Opiskelijoiden elaméanvaiheet ja tieteenala-
spesifien habitusten muovautuminen 1980-
luvun yliopistossa. - Origins of the new student
type. 162 p. Summary 4 p. 1992

KorHONEN, Pexka, The origin of the idea of the
Pacific free trade area. - Tyynenmeren vapaa-
kauppa-alueen idean muotoutuminen. -
Taiheiyoo jiyuu booeki chi-iki koosoo no seisei.
220 p. Yhteenveto 3 p. Yooyaku 2 p. 1992.
KERANEN, JyrkI, Avohoitoon ja sairaalahoitoon
valikoituminen perhekeskeisesséa psykiatrises-
sa hoitojarjestelmassa. - The choice between
outpatient and inpatient treatment in a family
centred psychiatric treatment system. 194 p.
Summary 6 p. 1992.

WAHLSTROM, JARL, Merkitysten muodostuminen
jamuuttuminen perheterapeuttisessa keskus-
telussa. Diskurssianalyyttinen tutkimus. -
Semantic change in family therapy. 195 p.
Summary 5 p. 1992.

Raneem, KoLawoLE, Problems of social security
and development in a developing country. A
study of the indigenous systems and the
colonial influence on the conventional
schemes in Nigeria. - Sosiaaliturvan ja kehi-
tyksen ongelmia kehitysmaassa. 272 p.
Yhteenveto 3 p. 1993.

LaiNE, Timo, Aistisuus, kehollisuus ja dialo-
gisuus. Ludwig Feuerbachin filosofian 14ht6-
kohtia ja niiden kehitysndkymia 1900-luvun
antropologisesti suuntautuneessa fenomeno-
logiassa. - Sensuousnes, bodiliness and
dialogue. Basic principles in Ludwig Feuer-
bach’s philosophy and their developmentin
the anthropologically oriented phenom-
enology of the 1900’s. 151 p. Zusammen-
fassung 5 S. 1993.

PenTTONEN, MARKKU, Classically conditioned
lateralized head movements and bilaterally
recorded cingulate cortex responses in cats. -
Klassisesti ehdollistetut sivuttaiset paanliik-
keet ja molemminpuoliset aivojen pihtipoimun
vasteet kissalla. 74 p. Yhteenveto 3 p. 1993.
Koro, Jukka, Aikuinen oman oppimisensa
ohjaajana. Itseohjautuvuus, sen kehittyminen
jayhteys opetustuloksiin kasvatustieteen
avoimen korkeakouluopetuksen monimuoto-
kokeilussa. - Adults as managers of their own
learning. Self-directiveness, its development
and connection with the gognitive learning
results of an experiment on distance education
for the teaching of educational science. 238 p.
Summary 7 p. 1993.

LAIHIALA-KANKAINEN, SIRKKA, Formaalinen ja
funktionaalinen traditio kieltenopetuksessa.
Kieltenopetuksen oppihistoriallinen tausta
antiikista valistukseen. - Formal and
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functional traditions in language teaching.
The theory -historical background of language
teaching from the classical period to the age of
reason. 288 p. Summary 6 p. 1993.

MAKINEN, TErTTU, YKSilon varhaiskehitys
koulunkaynnin perustana. - Early
development as a foundation for school
achievement. 273 p. Summary 16 p. 1993.
KoTKAVIRTA, Jussl, Practical philosophy and
modernity. A study on the formation of
Hegel’s thought. - Kaytédnnollinen filosofia ja
modernisuus. Tutkielma Hegelin ajattelun
muotoutumisesta. 238 p. Zusammenfassung
3S. Yhteenveto 3 p. 1993.

EiseNHARDT, PETER L., PALONEN, KARI, SUBRA,
LeeNA, ZIMMERMANN RAINER E.(Eds.), Modern
concepts of existentialism. Essays on Sartrean
problems in philosophy, political theory and
aesthetics. 168 p. Tiivistelma 2 p. 1993.
KErRANEN, MARiA, Modern political science and
gender. A debate between the deaf and the
mute. - Moderni valtio-oppi ja nainen.
Mykkien ja kuurojen véalinen keskustelu.

252 p. Tiivistelméa 4 p. 1993.

MATIKAINEN, TuuLA, Ty0taitojenkehittyminen
erityisammattikouluvaiheen aikana. -
Development of working skills in special
vocational school. 205 p. Summary 4 p. 1994.
PiHLAIARINNE, MARIA-LEENA, NUOren sairastumi-
nen skitsofreeniseen hairioon. Perheterapeut-
tinen tarkastelutapa. - The onset of
schizophrenic disorder at young age. Family
therapeutic study. 174 p. Summary 5 p. 1994,
KuusiNeEN, KirsTI-LiisA, Psyykkinen itsesaately
itsehoidon perustana. Itsehoito I-tyypin
diabetesta sairastavilla aikuisilla. - Self-care
based on self-regulation. Self-care in adult
type | diabetics. 260 p. Summary 17 p. 1994,
MENGISTU, LEGESSE GEBRESELLASSIE,
Psychological classification of students with
and without handicaps. A tests of Holland’s
theory in Ethiopia. 209 p. 1994.

LeskINEN, MARKkU (ED.), Family in focus. New
perspectives on early childhood special
education. 158 p. 1994.

LeskiNEN, MARKKU, Parents’ causal attributions
and adjustment to their child’s disability. -
Vanhempien syytulkinnat ja sopeutuminen
lapsensa vammaisuuteen. 104 p. Tiivistelma
1 p. 1994,

MATTHIES, AILA-LEENA, Epavirallisen sektorin ja
hyvinvointivaltion suhteiden modernisoitu-
minen. - The informal sector and the welfare
state. Contemporary relationships. 63 p.
Summary 12 p. 1994.

AITTOLA, HELENA, Tutkimustydn ohjaus ja
ohjaussuhteet tieteellisessa jatkokoulutuk-
sessa. - Mentoring in postgraduate education.
285 p. Summary 5 p. 1995.

LiNDEN, MiIria, Muuttuva sydvan kuva ja
kokeminen. Potilaiden jaammattilaistentul-
kintoja. - The changing image and experience
of cancer. Accounts given by patients and
professionals. 234 p. Summary 5 p. 1995.
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VALIMAA, Jussi, Higher education cultural
approach. - Korkeakoulututkimuksen
kulttuurindkoékulma. 94 p. Yhteenveto 5 p.
1995.

Kairio, KaLevi, Yhteisollisyys kasvatuksessa.
yhteistkasvatuksen teoreettinen analyysi ja
kaytantdon soveltaminen. - The community as
an educator. Theoretical analysis and practice
of community education. 250 p. Summary 3 p.
1995.

HANNIKAINEN, MARITTA, Nukesta vauvaksi ja
lapsesta laékariksi. Roolileikkiin siirtymisen
tarkastelua piagetilaisesta ja kulttuurihistori-
allisen toiminnan teorian nakdkulmasta. 73 p.
Summary 6 p. 1995.

IkoNEN, OivA. Adaptiivinen opetus. Oppimis-
tutkimus harjaantumiskoulun opetussuunni-
telma- ja seurantajarjestelmén kehittdémisen
tukena. - The adaptive teaching. 90 p.
Summary 5 p. 1995.

SuuTtamA, Timo, Coping with life eventsin old
age. - Elaman muutos- ja ongelmatilanteiden
kasittely iakkailla ihmisilla. 110 p. Yhteenveto
3 p. 1995.

DerseH, TiBEBU BoGgALE, Meanings Attached to
Disability, Attitudes towards Disabled People,
and Attitudes towards Integration. 150 p.
1995.

SAHLBERG, Pasi, Kuka auttaisi opettajaa. Post-
moderni ndkékulma opetuksen muu-tokseen
yhden kehittdmisprojektin valossa. - Who
would help a teacher. A post-modern
perspective on change in teaching in light of
aschool improvement project. 255 p. Summary
4 p. 1996.

UHinkI, AiLo, Distress of unemployed job-
seekers described by the Zulliger Test using
the Comprehensive System. - Tyéttdmien
tyodntekijoiden ahdinko kuvattuna Compre-
hensive Systemin mukaisesti kaytetyilla
Zulligerin testilla. 61 p. Yhteenveto 3p. 1996.
ANTIKAINEN, RisTo, Clinical course, outcome
and follow-up of inpatients with borderline
level disorders. - Rajatilapotilaiden osasto-
hoidon tuloksellisuus kolmen vuoden
seurantatutkimuksessa Kys:n psykiatrian
klinikassa. 102 p. Yhteenveto 4 p. 1996.
RuusuvirTa, TiMo, Brain responses to pitch
changes in an acoustic environment in cats
and rabbits. - Aivovasteet kuulodrsykemuu-
toksiin kissoilla ja kaneilla. 45 p. Yhteenveto 2
p. 1996.

VisTi, ANNALIISA, Tydyhteison ja tydn tuotta-
vuuden kehitys organisaation transformaa-
tiossa. - Dovelopment of the work communi-ty
and changes in the productivity of work
during an organizational transformation
process. 201 p. Summary 12 p. 1996.

SALLINEN, MikaEL, Event-ralated brain
potentials to changes in the acustic environ-
ment buring sleep and sleepiness. - Aivojen
herétevasteet muutoksiin kuuloérsykesar-
jassa unen ja uneliaisuuden aikana. 104 p.
Yhteenveto 3 p. 1997.
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LamminmAkl, Tuua, Efficasy of a multi-faceted
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