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Tassa kokeessa vaikea ajassa tapahtuva erottéhdeidka on melko helposti ratkaistavissa abstrakt
tiedon avulla, esitettiin koehenkildille. Koeherikijaettiin kahteen ryhmaan. Ensimmainen ryhma ikigsk
vain esitettyihin arsykkeisiin, kun toiselle ryhheéhnnettiin myds samanaikainen lukutehtava. Kalades
adnesta, A:sta ja B:std, muodostettiin nelja ybtisia (AA-, BB-, AB+, BA+, jossa + symbolisoi ”
yhdistetty ehdolliseen arsykkeeeseen” ja — symbidlesitetty ilman ehdollista arsykettd” ). Kokeaikana
mitattiin oikean silman alta Orbicularis Oculi- diksen sahkoista aktiivisuutta (EMG) arsykeyhdisteim
aikana. Yhdistelmista tietoisuuden maara mitakyaymalla molempien ryhmien osallistujilta
ilmapuhalluksen ilmaantumiseen johtavaa sadantt&kbkeen jalkeen. Muutokset lihaksen
sahkdnjohtokyvyssa analysoitiin oppimiseen liitgrvimuutosten ja ndiden muutosten mahdollisten
tietoisuuteen pohjautuvien osien loytamiseksi. ERlGvisuudesta I0ydettiin erottelevia muutoksiarju
ennen arsyketta. Molempien ryhmien jasenet kehittiestin aikana myos tietoisen havainnon
ilmapuhallukseen johtavan &aniyhdistelman saann8siidut tulokset tukevat vaitteitd, joiden mukaan
ihmiset 1) pystyvat kayttamaan abstraktia inforncaatmyds tiedostamatta, 2) ovat tietoisia kahden
arsykkeen samanlaisuudesta tai eroavuudesta, §)Vaypitamaan kohteiden ominaisuuksia muistissa
jonkin aikaa. Taméan tyyppista menetelmaa ei oleskikaikaisemmin eika siit ole saatavana aikajseam

tietoa.
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Abstract

In this study, difficult sequential discriminati¢ask, which could be solved rather
simply by using abstract information, were shownh® participants. Participants
were divided in two groups. One group concentratecshcoming stimuli, while
another group concentrated on a reading task. Dwest A and B, formed four
sequential combinations (AA-, BB-, AB+, BA+, wheplus symbolizes “paired
with the US” and minus symbolizes “presented alpn®&uring training, the
electromyographic (EMG) activity of orbicularis dicwas measured below the
outer canthus of the right eye. The rate of awa®meas measured by asking the
rule of coming of the airpuff from participants lnoth groups right after the end
of the procedure. Changes in amplitude of EMG wamalyzed in terms of
learning-related changes and possible awarenesstHimhavioural correlates of
these changes. Discriminative changes in EMG iagtivere found before US.
Participants also developed a significant stat@awéareness of the rule in both
groups during the test. Therefore results suppervtew, that humans 1) may use
abstract learning strategies even masked, 2) amreawf the sameness or
difference of two targets and 3) can keep the gjaalof targets in memory for
some time. This kind of procedure has not beeredebefore and no previous

information is available.

Keywords: Awareness, Associative learning, Biconditional dismation,

Humans, Eyeblink conditioning, Sequential conditgn

1.Introduction
1.1. Background

An old but still unresolved problem for theories aafnditioning concerns
the manner in which associative strengths of eléahetimuli combine when the
elements are presented in compounds. Although & wahge of empirical
outcomes are in accordance with present theotigs,well known that simple
additive combinations of associative strengths ofmgonents cannot handle

nonlinear discrimination problems. One of the blesbwn of these nonlinear



discrimination problems is biconditional discrimiioam (Saavedra, 1975).. In this
procedure, animals are trained with an AB+, CD+,-ARB- (where plus
symbolizes “paired with the US” and minus symbdiZgpresented alone”)
discrimination in which each element is reinforoedhalf of its presentations and
non-reinforced on the other half. To solve it, asignhave to learn to associate a
reinforcer with specific configurations of stimg$aavedra, 1975).

One style of conditioning, although very close tacobditional
discrimination, is differential conditioning. Inftérential conditioning, two CSs
are presented. These CSs can be in the same mdealjt two tones of different
frequencies) or in different modalities (e.g. ag@and a light) (Clark & Squire,
2000). When differential conditioning is used, arfethe CSs always precedes
and predicts the US. This is the CS+. The othersGfot predictive of the US and
occurs alone. This is called the CS-. In differ@ntonditioning, acquisition
reflects a greater propability of responding to @&+ than to the CS- (Clark &
Squire, 2000).

In eyeblink conditioning, the responses are comsitldo be reflexive in
nature. First, the unconditioned response (URJisraatic reaction to the puff of
air that is delivered to the eye. With repeatedipgiof a CS and US a learned,
conditioned response (CR) develops. This respossalso thought to be
automatic and, as such, does not require cognitivevement (Clark & Squire,
2000). Nevertheless, though an eyeblink response km involuntary, the
eyeblink response can also be brought under valmantrol (Clark & Squire,
2000). If individuals become aware of the stimutogtingencies, they are also in
a position to voluntarily blink their eyes to avdlie air puff. This circumstance
has caused concern among experimentalists becabhas been argued that the
processes and characteristics of responses thatoaretary are very different

from those that are involuntary or reflexive (Coam& Webster, 1988).

1.2. Therole of awareness

A human participant can be consciously aware ofething if and only if
he or she can report it (Farber & Churchland, 19Pigagreement on the role of
awareness in conditioning has been prevalent. Sovestigators have considered

awareness of CS- US contigency essential to comdig (e.g. Ross & Nelson,



1973) and others have considered it unessentiairaadmethodological matter
even undesirable (e.g. Grant, 1973).

One of the most important parts of awareness isangieind how a person
uses it. It is composed of several abilities thapehd on different, namely
declarative and nondeclarative, brain systems (8gui992). Declarative (or
explicit) memory provides the capacity for conssiaecollection of facts and
events. Nondeclarative (or implicit) memory is ioessible to conscious
recollection, but it is expressed through perforogaas skills, habits, and certain
forms of classical conditioning. Simple delay cleak conditioning of the
eyeblink response is a well-studied example of eotatative memory. In delay
classical conditioning, the conditioned stimulugpissented and remains on until
the unconditional stimulus is presented. The twaoudt overlap and co-terminate.
In trace classical conditioning, a silent (or “&&cinterval is placed before the
presentations of the CS and US (Kim, Clark & Thoomp<l995).

An alternative approach by which to determine tbke rof awareness in
human conditioning was to diminish such awarengssde of a concurrent (or
masking) task that divided participants’ attentitm the task (Ross, 1971).
Attention has been referred to as selectivity igrotive operations in which
certain goals are in control of behaviour and @erttimulus information is
thereby relevant (Duncan, 1995). Ross & Nelson kealed that discrimination
learning may require an awareness of the CS —-U&iaethip and that this
awareness may be essential for some conditionsig tand not others (Ross &
Nelson, 1973).

These findings raise the possibility that awarenetshe relationship
between the CS and the US may be essential for smme complex conditioning
paradigms and that division of attention may selebt disrupt awareness and
performance of those forms of conditioning. Clarnd &quire (1998) examined
the role of awareness of CS — US stimulus contioigsnin delay and trace
discrimination learning. They concluded that coossi knowledge of stimulus
contingencies is necessary for successful acqunsitAnother discrimination
study of Clark & Squire (1999) shows, that awarene$ the CS — US
contingency was essential for trace conditioningt Iwelevant for delay
conditioning. In another words, a person must barawf the stimuli and keep it

in memory during the silent interval.



1.3. Aims of this study

The present study was designed to develop a newondikonal
discrimination paradigm using auditory stimuli imrhan eyeblink conditioning
and to test this procedure in humans. One poitttisfprocedure is, that stimuli is
presented in sequential manner. In real life at@a$sconditioning is too easy
because, be it an animal or a human, participargarm connections simply by
focusing on sameness or difference of stimuli andsiply achieved reward.
Instead, real learning is combining several elesiena most appropriate manner.
This style of learning is more effective, becausarmer can form several
combinations from elements used and choose the usestl of them. Learner
need not form new combinations everytime, but ckaagailable elements to
achieve more useful combinations instead. Nowad@énse is no procedure to
examine that kind of phenomenon. When Kukkola (2004ed this same
sequential timing discrimination in rabbits as iregent study, she found that
rabbits could not learn a discrimination task samiio this. However, she found
that some discrimination has happened at neural Ewd that rabbits would have
learned it if training had continued (Kukkola, 200#Apparently no one has
studied this sequential tonal procedure in humaifisre.

On the basis of research articles about this stubgw theoretical
assumptions of associative learning, it can bermasduthat humans could learn
biconditional discrimination task using differerggeiential tone pairings as CS
and air puff to the eye as US. The hypothesis & tonditioned responding
increases as the training proceeds, and that huleamsto discriminate stimulus
types. Also awareness about the stimuli increasesgithe training, because of

the demandings of both trace conditioning and setipldiming procedure used.



2.Method

2.1. Participants

The volunteers of the experiment (N = 20; 14 fem&emale) were
normal, healthy university students ranging in &gen 19 to 45 years (mean=
23,75; Md= 21). They were divided into two groufes) persons for both groups.
Non-masked group received the information freelgyhwut any interference.
Masked group participants was interferenced byading task. The procedures of
both groups were otherwise the same. The voluntidreot receive any credit

for their participation in the experiment.

2.2. Design and Materials

The design was a trace conditioning procedure withrtrial interval
varying from 20 to 40 seconds in 10 second stepsa(MITl= 30 s). The
conditioning phase consisted of 80 paired tonef4lem was CS+ and 40 was
CS-. After these were 6 CS+ test trials without UBus, the total number of the
trials was 86.

The CS consisted of a combination of two tonesctviere 1 kHz (Tone
A) and 1.2 kHz (Tone B) of their frequencies. Therere four combinations,
namely A-A, A-B, B-A, and B-B. Combinations A-B @&iB-A were conditioned,
whereas A-A and B-B were not. All combinations ev@resented randomly 20
times. The intensity of the tones was 78 dB (A-wéeg) measured 50 cm
distance from the surface of the speaker. The UfSisted of an air puff to the
outer corner of the right eye approximately 1 ctatice laterally from the eye.
The intensity of the air puff was 0.5 bar (7.25) glivered via a plastic tube (5
mm diameter), which was set at approximately 1 estadce from the surface of
the skin.

The duration of the CS was 100 ms and the US w@snid In the trials
the delay between the tones was 400 ms and thg Hetaeen the second tone
and US was also 400 ms. The EMG measurement beéifamd prior to the CS
onset and continued for 1500ms.

The participants were randomly assigned to eithénetwo experimental
groups. In both groups the same procedure was ¢hl&mup 1 concentrated to

the tones while reading task masked Group 2.
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Fig.1. Schematic illustration of the discriminatitiaining procedure, A = Tone 1000 Hz, B =
Tone 1200 Hz. Trial types were presented in pseudorarorder. (Adopted and modified from
Hautala, J.V. (2004) with kind permission).

2.3. Sgnal processing

The two electrodes used to measure the electroragbgr (EMG) activity
of orbicularis oculi below the outer canthus of ttght eye were disposable
Ag/AgCI electrodes filled with electrolyte pasta.ghound electrode was located
at the midline of the participant’s forehead.

The experiment was controlled and timed by therigy® 1.1 software on
a computer which was equipped with Intel Celerof®N8Bz processor. The
procedure used was self-made by the E-Prime 1.dr@ma The raw signal was
amplified by a gain of 20000 and band-pass filtedredh 60 to 1000 Hz. Data
was collected on a computer which used Intel Cal&@ MHz and DT Measure
Foundry version 4.0 program. The signal obtained ten baseline corrected
and rectified before digital filtering with 30 Haoff on low-pass filter. The
signal was then averaged over subject and the dgorugalculating the maximum

amplitudes for analyses.
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2.4. Procedure

After arrival to the laboratory, the participantere& verbally given a brief
description of the experiment before placing thecebdes on and guiding them
into the experiment chamber.

The experiment chamber was a room where the gaatits sat under a
speaker approximately 50 cm above of them. Growerke told to focus on the
tones and try to figure out when the air puff isnimg. Group 2 did not receive
that kind of information. The participants werecaisformed that they could
abort the session whenever they felt like it. Thepaff nozzle were placed and
the electrodes were wired to the amplifier befére participants were randomly
assigned either of the two groups, non-masked skath The test was started by
the experimenter and it was aborted after thetteds of the experiment. After
the testing procedure, the participants were askéidey did learn the rule when
the air puff is coming and when its not. All thesexers are collected to measure

the awareness of the reactions.

2.5. Data Analysis

The statistical analyses were performed by the SPSS for Windows
program. The data was divided into nine blocksybich the first eight consisted
of of the trials during the conditioning phase, teals in each block. Thus, the
ninth block, that is the test trials, consistedhaf last 6 trials.

In all the trials the CR was defined as the maximwatue of the mean
amplitudes of eyeblink between 1000 ms and 125€@ons onset of the first tone.

The effects of the conditioning on CR amplitude vaasilyzed by using
the analysis of variance (ANOVA) for repeated measwand the paired samples
t-test for planned comparisons. The statisticalgieor the initial trials and the
test trials was a 2 ( group: non-masked, maskesi2 ( blocks: first, eighth).
The design for the conditioning phase was a 2 o(gr non-masked, masked)
times 8 ( blocks: blocks of ten trials).

Degrees of freedom were corrected by the GreenhGessser correction

if needed. The significance level was .05 in alilgses.



11

3.Resaults

The EMG-response amplitude to the tone increased the first to the last
block in both groups. ANOVA for repeated measurbswsed a significant
increase in amplitude of the CR between the bloEk®,19) = 16.48; p <.001 and
between different stimulus types, F(2,19) = 8.48;@il, suggesting more detailed
comparison revealed that there was also statilsticgipnificant interaction
between the blocks and stimulus F(2,19) = 8.08;.@6<Group was also a
discriminative factor, F(2,19) = 4.91; p <.05. Noasked group learned
responding faster and conditioned more powerfut th@ masked group, but both
groups showed significant learning during the t€bese results indicate that the
conditioning had an effect, and that this effecswldferent between the groups.
Comparing first and last block of aware particigaot non-masked group to first
and last block of non-aware participants of masgeslp, results showed that
there is statistically significant difference beemeblocks, F(2,12) = 13.66; p
<.01 and between stimulus types, F(2,12) = 5.19;05. These results indicate
that a state of awareness is important in this gaore. Although aware
participants of non-masked group learned betten than-aware participants of
masked group, state of learning in masked grougicgants is equally

significant.

Amplitude (Arbitrary units)
o
N
1

Fig.2 The growth of learning in amplitudasasured from the first to the last block.
1 = non-masked group, 2= masked g
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4. Discussion

This study clearly showed, that humans could le&inonditional
conditioning procedure even if they did not attémthe stimuli. Both groups of
this study learned the task. In this research tmplitude of the eyeblink
response to the tone was increased from the fosklo the last block of trials
in both groups, although in non-masked group tlesvtir of amplitude response
was less significant. The awareness of the proeedund of the rule also
increased rapidly during the test in non-maskedgr&esponses for stimuli are
stronger in non-masked group than in masked gragtd the awareness of
stimuli they showed during the test. The maskedugravere actually not
conscious of their learning, but they could repathe rule when asked. This
result suggests that learning do not necessarige @ be conscious. In this
procedure it confirms the hypothesis, that humars dearn present

biconditional discrimination task.

4.1. Therole of awareness
Awareness of stimuli is the main issue in this gtud Clark & Squire’s

(1998) study only those individuals who developadwledge about the CS -US
associations successfully acquired the task. Ireatistudy, participants in non-
masked control group showed conscious action duhadest, as was expected.
What is more interesting, also the entire maskstl geoup learned the rule of
the coming of the air puff against Clarke & Squsre2sults. Another issue, when
asked if the participants in masked group do thivdy learned the rule, is that
they consciously did not know they had learnedrdt. example, a few subjects
in a masked group assumed there were a relatignstidid not know what it
was. This finding shows that successful learningsdnot require awareness.
Almost all participants in non-masked group founhdansciously and few even
developed it further on during the last test blbgkwaiting air puffs when it was
not coming. It suggests that, upon entering theegmgental situation, subjects
consciously expected, and even looked for, a olalip between stimuli.
Manns, Clark & Squire (2000) claimed that awareness unrelated to

differential delay conditioning. Further, using raltby-trial measurement of
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awareness, they found that awareness and diffalebtace conditioning
emerged concurrently (Manns, Clark & Squire, 206@)thermore, the degree
of awareness after the first ten conditioning $rigdedicted the overall success of
trace conditioning across the entire conditioniagssoon (Manns et al., 2001). In
the current research, in both groups amplitude oesp for CS+ does not
strengthen Manns et al’s (2001) claim but CS- oasps does. If this
phenomenon is due to the difficultness of bicoodail discrimination, it should
act similarly with both CS+ and CS- condition besmwf similar time intervals
between CS1 and CS2. The influence of air puff metya role by steering the
awareness to the air puff in CS+ conditioning whihe CS- conditioning
participants learned that they could sigh withefeli

One development in information processing is sidtn feature-based to
gestalt-based, more abstract representations. dmest in this study A and B,
are more easily discriminated as a function ofdesgy differences of the tones.
Abstract learning requires computation of differemetween frequencies of the
tones and thus, to form working relation insteacdafe identity (Weinberger,
1998). Again, if being able to form representatiohthese differences, the same
associative discrimination and generalization psees may contribute between
these representations. Therefore, discriminatingvéen A and A, would turn
out to be more difficult than A from B. This rathmathematical view of relation
may provide quantitative framework to study complearning and possibly,
shift from combinations of identity to relationatimulus” physical identity
independent associative learning. However, it baset noted that humans may
be biased to process only relations relevant tar tperposes, not in a
straightforward mathematical way. From this viewpai is possible that human

brain is initially equipped to detect any differenrtompared to sameness.

4.2. Future use of the procedure

As outlined in the introduction, there is need tdhance our knowledge
about basic mechanisms that lie behind learningtions in order to understand
human behavior. Although rather few studies havenbsonducted in order to
study the role of awareness in biconditional caumiid) learning, it is most likely
to provide a model of a process where more contplicanformation is used in
learning. In the interest of diagnose and rehalitih of learning related
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disorders it is important to know how these thihgppen (Lachnit, Reinhard &
Kimmel, 2000). This research leaves open sevemstians. Does the difference
of the stimuli have to be fixed or is it possibte discriminate continuously
changed stimuli? Another question is that whaths timit when aging or
amnesic people are capable of learning the rulefprivigeakness of this study
concerns the fact, that measurement of awarengsssgbly not valid enough.
Method of detecting awareness used in this studgsdaot fully separate
participants who actually developed awareness wwoasly during the test
from those who developed it consciously after tkenginer asked it. Conscious
focusing of attention to stimuli during task in rkad group is another issue that
may lessen the validity of this study. Participaruald have stopped reading for
some time and concentrated their attention to dtimstead.

In summary, the responses to the biconditional kipations were
augmented from the first block to the last block takls indicating that
conditioning had an effect. The augmentation wasnger in the non-masked
group than in the masked group. However, both golgarned difficult
biconditional discrimination learning task. Thisssggested to happen because
of the awareness of stimuli and a flexible use is€mimination rules. There is
also evidence that learning does not necessarirg @ be conscious. Earlier
studies on trace conditioning in humans is donesiogle-cue procedure, so
there is no possibility for direct comparison. Thiady qualifies the hypothesis,
that humans are able to discriminate different,evdfficult stimulus types both

consciously and sub-consciously.
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