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ABSTRACT

I+ has been established that, with stimulus change, the
degree c¢f crienting-response TecCCVeEry frcm shtort-term
habituaticn (i.e., habituation within a single stimulus
series) is positively correlated with degree cf stimulus-
change. The present study rerresents an attempt to
explicate the stimulus-specific nature of long-term
habituation (i.e., habituation retained acrcss stimulus
series). To this end, four groups cf twenty subjects were
provided with two experimental "sessions"™, separated Lty ten
minutes, Across three groups, the degree of intersessicrnal
stimulus-similarity was varied, being either identical
(Group 4) , intramodally different (CGroup 3), or intermodally
different (Group 2). Tc determine tc what extent the
presentaticn cf any stimulus series in Part A is necessary
for a lowering cf responding in Part E, Group 1 was given a
stimulus series only in Part B. Occurrence of the crienting
response was measured via changes in skin conductance, and
two measures of long-term habtituaticn were employed: the
magnitude cf respcnse to the initial stimulus of Part E and
the number of +trials responded to before reaching an

habituaticen critericn of three ccnsecutive nonresponses.
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Three measures cf tcnic arcusal were emplcyed: frequency of
spontaneous fluctuations in skin ccnductance, skin
conductance level, and heart rate level. Neither evidence
for non-stimulus-specific influences nor fcr intermcdal
generalizaticr of lcng-term habitvation obtained, though
these results were somewhat equivocal since the measures cf
long-term haktituaticn may have been confcunded by the
differing response-eliciting properties of the varicus
stimuli emplcyed in Part A, Evidence for intramcdal
generalization was found with initial resronse magnitude tut
not with trials-tc-criterion, suggesting that initial
response magnitude 1is the more sensitive measure of LTH.
Both measures of ITH shcwed a decrement across sessions with

repetiticn of ar identical stimulus.
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INTEODUCTION

In the course of his studies of classical ccnditionirng in
dogs, Pavlcv (1927) made ncte of an unccnditioned response
elicited by the first few presentations o¢f conditicned
stimuli: The dogs moved their heads and pricked their ears
in such a way as to direct their senscry apparatus tcward
the stimulus-source. After repeated presentaticns, this
response would fade and the conditioned respense wculd
replace it. Pavlov termed the unccnditioned response the
"investigatory" or "orienting" reflex (OR), and expended
considerable effort trying toc eliminate extraneous stimuli
which might elicit an CF and disrupt the conéiticring
process.

Over the years, the CE has ccme to be +the focus . cf
consideratle investigation in its cwn right, The source of
much of this interest was eloquently summed up by Favlcv:

It is this reflex which trings atcut the
immediate resprcnse in man and animals to the
slightest changes in the world arocund them, sc
that they immediately crientate their appropriate
receptor organ in accordance with the perceptible

quality in the agent bringing abcut the change,
making full investigation of it. The biological

significance cf this reflex is cbvious. If the
animal were not provided with such a reflex its
life wculd hang at every mcment by a thread. In

man this reflex has been greatly develcped with
far-reaching results, being represented in its



highest form by inguisitiveness-- the parent cf

that scientific wmethcd throughk which we may hope

one day to come to a true orientation in knowledge

of the werld arcund us. (Pavlcv, 1927, p. 12)

Additional interest undoubtedly stemmed frenm an
observaticn menticned above: With rereated presentaticn cf
a stimulus, the OR gradually diminishes and finally
disappears. This process, termed habituaticn, wmay be
considered a form of learning in the sense that it
represents a change in behavior with exrperience. The CR
thus seems +tc tie into the learning process in twc ways,
consisting cf behaviors to maximize informaticn uptake and
demonstrating behavicral plasticity with such uptake.
Habituation, merely considered as a waning cf a given

response with repeated stimulaticr, is not restricted to the
OR. Responses in organisms throughcut the phylogeretic
tree, even includirg the ccntracticn of protozcans following
mechanical stimulation, demconstrate reducticns in
responsiveness with repeated elicitation (Eisenstein and
Paretz, 1973). As such, habituation must be considered a
primitive fcrm cf learning inde=d. However, Thcmpson and
Spencer (19€€) have developed a mcre stringent definiticn of
habituation with perhaps more relevance to human learning
and the OR. They have operaticnalized habituaticn in terms
cf nine parameters:

1. BRepeated stimulaticn prcduces decreased respcnding.



2. With cessation c¢f stimulaticn, spontaneous reccvery
CCCULS.
3. GFRepeated hakituaticn series produce greater
habituaticn.
4, Greater rates of stimulaticn produce more rapid
hatituaticn.
5. Greater stimulus intensities produce slcwer
hatituaticn.
6. Greater numbers of trials beyond hakituaticn prcduce
slOWEr TrespCnse reccvery.
7. Habituation tc a given stimulus will generalize to
other stimuli,
8. Presentation of a different stimulus produces
TEeSpCNSe r€cCOVery.
9. FRepeated presentation of the different stimulus
produces decreased Trespcnse IecCcvVerye.
Applying this definition, habituation is restricted tc a
more circumscribed pcrtion cf the phylcgenetic hierarchy, to
date observed only in intact and spinalized (a =spinal cat
preparation) mammals (Eisénstein and Peretz, 1S973).
Measurement cf the OR has mcved from the scmatic aspects
reported by Favlov tc more quantifialtle measures such as the
EEG and varicus covert and autcnomic respcnse systems (=.9.,
vascmotcr, heart-rate, skin-conductance, and respiratory

changes). The use of these measures as components cf the OR



became prevalert as studies c¢f autcncmic conditioning bkegan
to reveal that these systems, tco, <show an unconditioned
response to the first few presentations cf the ccnditicred

stimulus (Rcktinson and Gantt, 1947). Alsc, studies of the

"arousal reaction", itself composed o¢f EEG and autcrcmic
activity, led to its identificaticn with the OR
(Vinogradcva, 1969). Presumably, the autonomic indices

represent a phasic increase in sympathetic tone conccmitant
with an increase in "arcusal"™ c¢r alertness, Thus, a full
ricture of the CF arose as a complex cf central
(electrcenceptalograrhic and striate-muscular) and autonomic
responses, all c¢f which presumatly are aspects cf mecharisms
which are related, directly c¢r indirectly, tc the
enhancement cf infcrrmaticn uptake or tc the results of such
enhancement., Studies of the OR have predominantly relied on
antonomic measures, proctably due to their ease of
reasurement,

Establishing himself as a prcminent investigater of the
CR, E. N. Sckeclev (1963, p. S46) formalized three parameters
by which physiclcgical resgcnse systems could be
characterized as cocmponents of the CR:

1. "nonspecificity with regard +tc the gquality of the

stimulus";
(The respcnse occurs tc a diversity of stimuli, regardless

cf modality.)



2. "nonspecificity with regard to the intensity o¢f the
stimulus";

(The respcnse occurs tc either c¢nset or offset of the
stipulus.)

3. specificity-of-habituaticn with regard to the

characteristics c¢f the stimulus.,

(The respcnse occurs to, or 1is increased ty, any
superthreshold change in the stimulus.)

More importantly, he presented what has come tc be kncwn
as the "comparator" thecry cf habituvaticn, which served as a
stepping-stcne for much of the research to fcllcw aré to
this day continues tc influence the thinking of researchers
in the field. Sokolov (1963) tasically considered stimulus
input to te fcllowed by a rprccess in which the new stimulus
is compared tc a "neurcnal mcdel" cf the previous stimulus
and habituaticn to result from inhitktition generated Ly the
matching of the mcdel with the input. The more nearly the
two match, thought Sckolov, the less rchust is the resultant
OR, With each additicnal presentation c¢f the stimulus the
neuronal model is improved, wuntil a ccmplete match prcduces
maximal inhibition., Habituaticn was thus considered to te a
direct consequence of the formaticn and elatcration cf a
neuronal mcdel cf the repeated stimulus. The crucial factor
determining OF-elicitation was therefore stimulus ncvelty;

the less ncvel a stimulus beccomes, the less vigorous is the



response tc it. Sckolov (1963, k) alsc noted the effect cf
imparting a stimulus with signal valuve, finding significant
stimuli (thcse that serve tc indicate that a behavioral
contingency is in effect or that an unccnditioned stimulus
is impending) to lead to slcwer habituvation. Nonetheless,
the primary factor in Sckolov's model, and the majcr facter
considered by mcst of the research to follew, was stimulus
novelty.

A sizeable Dbody of studies evaluating Sokclcv's
comparator thecry (see Graham, 1973, fcr a review) have keen
carried out on humans. Many of these have empioyed a simple
stimulus-change paradigm in which an iterated stimulus is
followed ty a stimulus that is in some way different than
the iterated stimulus. A recovery of the hatituated COR to
the changed stimulus-- most ccmmcnly assessed in terms of
electrodermal responses-- |is consistent with Sokclcv's
theory and demcnstrates the =stimulus =specificity of the
habituation prccess. As Graham (1973) has documented, not
cnly has recovery of the CF with a change in stimulus Lkeen
frequently demonstrated, but there are alsc numercus studies
which bhave shown a positive relaticn tetween degree cf
stimulus change and amcunt cf reccvery cf the CE. Evidence
has in scme cases led investigators (e.g., Bernstein (1979);
O'Gorman (1979)) to question whether stimulus novelty is

sufficient for the recovery of the CR. However, the issue



raised by these authors is not whether stimulus ncvelty is
an impertant factor influencing OF-elicitation. Rather,
they are asking what additional variatles are necessary for
stimulus ncvelty to affect the CR.

Although most cf the wcrk cn the O©CR has focused on
habituaticn in the short ternm, studying stimulus change
within a single experimental sessicn, the recent influence
of two-stage information-processing models is beginning to
interest psychcophysiclcgists and is leading to the study of
habituation as a more long-term crthencmenon. Infcrmaticn-
processing mcdels cf memory pcsit tsc structural components:
Long Term Memory (LTM) and Short Term Memory (STHM). LTR is
conceptualized as the informaticn processing systenm's
relatively permanent, passively wmaintained repository of
knowledge. Ey contrast, the contents of STM, or "wcrking
memory"” as it is scmetimes called, require an expenditure of
finite prccessing resources in crder tc be maintained. The
finite nature of these rescurces imposes a severe capacity
restraint on STHM.

The expenditure of processing TE€SCUTCES, kncwr as
"rehearsal", serves nct only tc prevent the otherwise rapid
decay of STM-elements but also to encode them intc LTM for
long-term storage. The elements cf LTM are thought tc be
crganized in a hierarchically designed network of

associations. Thus, in a simple case, two elements entering



the System fcr the first time may be retained in STM thrcugh
rehearsal and may therefore be transferred, along with their
relaticn tc cne another, to LTM; the more prelcnged is this
rehearsal, tte mcre ccmrlete is the ensuing ITM-
representation. With the cessation co¢f rehearsal, the
elements will fade from STM but a later presentaticn cf cne
of the elements may lead not cnly tc the retrieval of that
element frem ITM into STM, btut alsoc to the retrieval cf the
associated element,

Sokolov (1969) has himself elabcrated twec types cf
theoretical memcry mechanisms nct unlike those of the two-
stage informaticn-prccessing memory model. If one considers
habituaticn tc reflect a 1learning process, the applicaticn
of informaticn-prccessing models cf memory wovuvld seem
entirely reasonable, Such a framework is «ccmpletely
consistent with the Sckolcvian mcdel and brings with it an
abundance c¢f data from the study of human memory, data
engendering a wealth of specifically testable hypotheses.

The applicability of two-stage memory models has recently
been formally reviewed by Ohman (1979) , who described the CR
as denoting "a call initiating processing [p. 444]." Ttus,
an inccoming stimulus is first evaluated at a preattentive
lavel., Fcllcwing this, an OF is elicited in one of two
ways: The incoming stimulus matches an STM-element that has

been "primed" as =significant (as previously noted by



Sokolov), in which case processing is engaged and
associations are retrieved from LTM whereby the Systen's
further activity wmay te guided; cr the incoming stimulus
does nct match the contents of STHM, in which case an OR is
produced by a LTM-search for asscciated elements and by the
encoding of the incoming stimulus into LTM.

Although Ohman's article signals a growing importance of
informaticn-processing mcdels in psychophysiolcgical thecry,
the systematic experimental investigation of 1long-term
habituation frem this perspective is Jjust bLbeginning to
appear. The first studies of this kind involved the use of
animals as subjects. Investigating the habituaticn of the
startle respcense in intact rats, Pavis (1970) noted that,
consistent with Thcmpson and Spencer's (1966) fcurth
habituation parameter, stimuli presented every twc seccnds
produced lcwer respcrding than thcse presented every sixteen
saconds. However, testing both groups after a one-minute cr
one-day retenticn interval, the effect was reversed: The
animals that had previously been more rapidly stimulated
showed greater responding than the sixteen-second animals.
As a possiltle explanaticn fcor this effect, Davis invoked the
two-stage information-processing model, contending that the
2-second group may have shown a greater respcnse decrement
during training than the 16-second group because the faster

rate of presentaticn mcre effectively thwarted the decay of
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the STM-elements. A2 match tetween stimulus input and the
STM "neurcral model" was quickly achieved thanks to the
rapid stimulus presentaticn. Cn the cther hand, =since the
16-second group was allowed more +time tc prccess the
habituation stimuli, its members should have had more time
to process each presentation of the habituaticn stimelus,
thus should have develcped LTM-elements mcre thorough than
those of the 2-second group. Thus it was that, follcwing
the retenticn interval in which the STM-element faded from
both groups, the 16-second group showed a greater resgcnse
decrement than the 2-second group. A match between stimulus
input and the LTM-based neuronal mcdel was quickly achieved
thanks to the previcus thcrcugh processing of the
habituaticn stimulus.

A formal mcdel cof the interacticn between STM and ITF in
habituaticn was elaborated by Wagner (1976), who
distinguished two means by which a STM-element may ccme to
be: A "self-generated" STM representation is a direct
result c¢f an immediately prior stimulus presentaticn,
whereas "retrieval-generated" STM-elements are those that
have been transferred from LTHM. He posited that tcthk cf
these processes prcduce the same net result: an STF-element
that may match a presented stimulus and thereby 1lead tc an
attenuated response. He also pointed cut that, due tc the

associative nature cf LTM crganizaticn, the presentation of
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one stimulus may lead to the retrieval of an asscciated
stimulus. Fcr example, a ccnditioned stimulus would ke
associated with the LTM-element representing the
unconditioned stimulus, in which case presentaticn of the
conditioned stimulus would serve to retrieve the
representaticn of the unccnditicned stimulus from LITH,
producing less responding when the unconditioned stimulus
itself is presented.

Hagner's work focused on the effect ¢cf retrieval-
generated STM elements cn 1lcng-term habituation (I7TH).
Following the abovementioned line of reasconing, Wagner
stated that, Jjust as in Pavlovian conditicning, <ccntextual
cues may ccre tc te asscciated with +the wunconditicned
stimulus. 2 subject returning tc a situwation in which
previous habituaticn training has been provided may
therefore have a retrieval-generated STM representaticn cf
the stimulus before the first rpresentation fcllowing the
retention interval, However, if during the retenticn
interval the subject has been expcsed tc the experimental
situaticn without presentation of +the hatituation stimulus,
the strength cf the associaticn might be 1lessened and the
response decrement wculd acccrdingly be 1lessened. In
Pavlovian-ccnditioning terminolegy, if the respcnse
decrement were +thcught of as resulting from an inhibitory
response, this would be referred to as extincticn cf the

conditioned (inkibitcry) resgcnse,
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Wagner (1¢76) tested this hypothesis on the vascmctor
response c¢f the rabbit (Whitlow, 1975) . His frocedure
involved providing twc groups with habituvaticn training,
followed two days later by a test stimulus identical tc the
habituaticn stimulus. On the first day follcowing training
the experimental group was exposed to the stimulus-delivery
environment, thcugh without actual stimulus delivery. This
group was therety given the equivalent cf Favlcvian
extinction training and, reasoned Wagner, would have a
weakened LTM-associaticn o¢f the habitvation stimulus with
its context. In harmony with his expectaticns, the
experimental grcup shcwed a greater reccvery of the OR to
the test stimulus. Confirrming that this was not due to a
general sensitizing effect in +the "extinguished" group, no
difference blbetween groups 1in magnitude of response tc a
stimulus differing from the original habituation stimulus
was observed. It wculd therefore seem that contextual
cueing is effective in "priming"™ STM, producing a decrease
in respense tc the first presentaticn of a stimulus that had
been previously habituated in that context.

Wagner (1¢€7¢€) alsc reascned that a dishabituating
stimulus interspersed with presentaticns of an hatituaticn
stimulus wculd serve tc prematurely terminate the rehearsal
of the habituation stimulus and would therety impede the

formaticn o©of the LTM-element and its associations with
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contextual stimuli. Once again using the rabtit's vasomctoer
response, Wagner (1976) fcund support for his hyrothesis.
In a single group, two stimuli were ©presented during
habituaticn training. Cne of these stimuli was always
followed by a dishabituating two-second sequential-compcund
visuotactile stimulus; the other was never fcllcwed by such
a stimulus. After a 15-minute retention interval,
presentation of the habituation stimuli showed greater
responding to the stimulus that had teen follcowed Ly the
displacement stimulus,

Thus, werk by Davis (1970) and Wagner (1976) has
systematically exrlcred the implicaticns of two-stage
informaticn-processing in the ccntext of studies of LTH in
animals. The human CF literature, in ccmpariscn, has paid
relatively little attenticn to LTH and has only recently
begun to consider the implications of two-stage wmodels cf
information prccessing.

Several authors (Galbrecht, Dykman, BReese, ané Suzuki,
1965; Kimmel and Gcldstein, 1967; Harding and Rundle, 196¢;
Bishop and Kimmel, 1S69) have shcwn LTH to occur in humans,
generally by repeating stimulus series across sessicns. The
sessions of Galtrecht et al (1965) were separated by "tuoc to
three days", while those of Kimmel and Goldstein (1967) and
Harding and Rundle (1969) were weekly. Bishcp and Kimmel

(1969) showed that retenticn intervals of as 1little as 20
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minutes produce a cress-sessional decrement in initial
response magnitude and in the number of trials needed to
reach habituation, but with retenticn intervals of one week
or more such a decrement was not reliably obtained.

However, it is not clear from these studies tc what
extent LTH is in fact due to the retention of a specific
model of the repeated stimulus, or whether it is due more to
the operation of non-stimulus-specific factors gfrcducing
decrements in responding regardless of +the similarity of
discrete stimuli repeated across sessions. It has tLeen
found, for example, that level of arcusal as measured by
tonic skin ccnductance or frequency of spcntanecus skin
conductance fluctuations (SSF) is pcsitively ccrrelated with
the magnitude of the electrodermal OR and negatively
correlated with its rate of hakituvaticn (Bohlin, 1973 (a),
1973 (b), 197€; Carroll and Pokora, 1976; Siddle and Hercn,
1976; Geldwater and lewis, 1978; Siddle, O'Gorman, and Wced,
1979) . Courled with the cbservation that these arousal
measures decrease across sessions (Corah and Stern, 1963;
Maltzman, Smith, Kantor, and Mandell, 1971, this implies
that LTH may be an effect of a reduction in arocusal with
increased expcsure tc the experimental setting, rather than
of the <comparison ¢f an improving LTM neuronal model with
stimulus input. Unfortunately, Calkrecht et al (1965),

Kimmel and Gcldstein (1967), and Eishop and Kimmel (1969)
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failed to repcrt any measures cf arcusal level. Harding and
Rundle (19€%), however, did rerort drops in arousal (see
Figure 1) acrcss weekly sessions.

A study of the human OR ecuivalent tc that of Davis'
{1970) study has suggested that the direct relaticnship cf
LTH and interstimulus interval (ISI) length may in fact ke
mediated by arousal level (Gatchel, 1975). Although Gatchel
successfully replicated Davis' findings, he alsc shcwed that
the short-1SI group maintained a skin conductance 1level
(SCL) greater than that of the long-ISI group. Follcwing
this, Gatchel and Gaas (1976) provided further evidence that
arousal level can affect LTH, Manipulating arousal with a
threat of shock rather than with 1IS7T, they shcwed that
subjects sc threatened maintain a higher SCL and show less
LTH than a ncnthreatened group.

Thus, it is clear that factcrs cther than a process of
étimulus-ccmparison may influence LTH. This dces nrnct,
however, answer the questicn of whether stimulus comparison
does in fact exert its own influence, Such a question might
te addressed by aprlying the stimulus-change paradigm so
popular in human short-term habituation studies within a LTH
design. Tc the extent that magnitude cf response to a
change in stimulus is greater than that to the same
stimulus, it indicates that hatituation 1is at least

partially stimulus-specific, and a stimulus-ccmparison
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process may be inferred to te respcnsitle, The ecuivalent
investigaticn c¢f LTH would employ stimulus change across
sessions rather than within sessicns. A greater drop in
responding across sessions shown by the group receiving the
same stimulus (relative to a grcup receiving different
stimuli) might be attributable tc a prccess of stimulus
comparison.

Only one study has been directed tcward determining the
importance of stimulus-specific facters in LTE (Hardinc and
Rundle, 1969). These experimenters exrosed two groups of
subjects ("CHANGED"™ and "SAME"™) to series of 20 stimuli in
each of three weekly sessicns. All subjects wore
headphones, had a pctential light scurce placed in front of
them, and wore a vibrator strapped toc one leg. The SAME
group received the same stimulus in each session (tactile,
visual, cr auditcry) and the CHANGED group received a
different stimulus in each session. Stimuli remained
unchanced withir sessicns,

Both groups (see Figure 2), not surprisingly, =showeé an
effect of TRIAL cn mean resporse amplitude-- bottk showed
short-term hatituaticn. Both groups were also found to show
an effect of WEEK on mean respcnse amplitude-- the average
response feor bcth groups dropred acrcss sessions., This
finding was interpreted as demonstrating "long-term

retenticn c¢f habituation despite a <change in the stimulus
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modality." [p.392] 1In fact, the group that had the same
stimulus acress sessions <showed an average response
magnitude no lower than that cf the group receiving
different stimuli across sessicns. Given the absence of a
GROUP x WEFEK effect on this measure, one might te tempted to
infer that 1lcnc-tetm habituvaticn is entirely due to non-
stimulus-srecific factors.

Unfortunately, this measure may have been =seriocusly
confounded by an arousal effect generated by the autkcrs!
research design, resulting in the absence of a GRCUP x WEEK
effect. Although subjects were never informed of the tyre
of stimulation they would be receiving, they may have teen
implicitly led tc certain expectations that ¥ere
differentially met across groups. 2All subjects were expcsed
to all three stimulus-delivery arpparatuses in all three
sessions. For subjects in the SAMF grcup, this meant that
two of the apraratuses went unused throcughout the study. 1In
contrast, all three apparatuses were used in the CHANGED
group. It seems 1likely that expcsing a subject tc an
apparatus implicitly induces the expectation that it will be
used. Subjects exposed to three apparatus and told that
they will ke vrparticipating in three vweekly sessions are
likely to have the experiment "figured out" after the first
session. Ccming back the =seccnd time, they might

understandabkly be expecting the activaticn of a different
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apparatus. A divergence from their expectations, as may
have occurred in the SAME grcup, might lead tc increases in
arousal, prcducing less LTH. Since the sessicn-2 and
session-3 experiences of +the CHANGED group most 1likely
ma tched the subjects' expectations, this group would not
cshow such an arousal effect.

This contention is suppocrted by Harding and Rundle's
tonic skin resistance level (SRL) measure. (Being the
inverse of skin ccnductance, SRL is negatively ccrrelated
with arousal.) On week 1, there was nc TRIAL x GECUP
interaction effect upon SEL (see, again, Figure 1). On week
2, the first few trials also show equivalent SBL's across
groups. Beycnd this point, the SBRL cof +the CHANGED grcup
continued its trend, increasing toth within sessicns and
between sessicns. The SRL cf the SAME group reversed its
trend, maintaining a lower level than the CHANGED grcup
throughcut the rest cf the experiment.

By differentially affecting arcusal in their grcurs,
Harding and Rundle may have induced greater respcnding in
their SAME grecur frcem about *rial 3, =session 2 through the
remainder cf their study. Such an effect could have easily
washed cut the lower respcnding of this group predicted by a
stimulus-specific hypothesis. It is notable that this is
the very point at which they <c¢bserved the atbsence of
stimulus-specific influence on the 1lcng-term retenticn cf

habtituaticn.
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Alsc, it is by no means apparent that respcnse magnitude
averaged over an entire sessicn is a reasonable measure of
LTH. It is clear from Wagner (1976) that an effect cf LTH
on the respcnse magnitude tc the first stimulus following a
retention interval would be expected. Additionally, the
findings c¢f Kimmel and Goldstein (1967) and Bishcp and
Kimmel (1969) suggest that LTH may be expressed by increases
in rate of habituation (as indicated by decreases in the
number of trials tc reach an habituaticn critericn). Since
conceptually there is noc reascn that the retention of a
neuronal model from a previous sessicn would necessarily
influence tkte ultimate level of resgending attained,
differences between groups early in a given session might
easily be obscured by averaging over the entire sessicn.

When Harding and Rundle restricted their analysis to the
initial respcnse magnitude of each session, a GROUP x WEEK
effect became apparent. The SAME group showed large drops
in trial-one response magnitude across weeks, whereas the
DIFFERENT group <showed nc dror at all. This result has
implications c¢pposite to their abovementicned finding,
s=2eming tco indicate that a Tresponse decrement across
sessions is very dependent on the intersessional similarity
of the stimuli.

It 1is ncteworthy that the differential-arcusal effect

does nct ccmpromise their cbservations ccncerning the
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stimulus-specific nature of initial response wmagnitude,
since the intergrcur difference in SRL was not evident in
the first few trials of the seccnd week, Called into
guesticon is their finding of no stimulus-specific influence
upon the later portions c¢f +the habitvation curve. Their
results might spuriously lead to a drastic overrating cf the
effect of non-stimulus-specific factors upcn LTH.

Thus, the findings of Harding and Rundle are somewhat
contradictory: The WEEK effect with overall respcnse
magnitude in the CHANGED gIcug implies intermcdal
generalization of hatituation, while the absence cf such an
effect upon initial respcnse magrnitude implies no such
generalization. There 1is therefcre clearly reascr to
examine the issue o¢f whether LTH dces show cress-medal
generalization, In fact, the literature leaves oper the
question of whkether intermcdal generalization of short-term
habituation has been clearly estalklished.

At any rate, it is aprarent that the factors involved in
LTH remain somewhat obscure. Tke evidence provided by
Earding and Rundle suggests that LTH is at least partially a
result cf stimulus-specific factors. The salience cf ncon-
stimulus-specific factors, however, remains uncertain. It
is not clear to what degree LTE is a result of matching a
specific ccntrol element retrieved from LTM with the current

stimulus cr whetker it is mcre a result of less-specific



23

factors such as decreased respcensiveness follcwing
adaptation tc the exrerimental setting.

The present study was designed +to elucidate the relative
influence of stimulus-specific ard non-stimulus-specific
factors in long-term habituation. To the extent that ncn-
stimulus-specific factors influence LTH, it was thought that
a group, having successfully completed an experimental
session withcut exposure to discrete presentations of
habituation stimuli, might show greater habituaticn than a
group expocsed to the stimuli when in the experimental
setting for the first time.

In order tc be atle tc examine the degree of stimulus-
specificity cperating in LTH, the degree c¢f similarity cof
stimuli across sessions was varied. Groups were provided
with intermcdal stimulus change (as in Harding and Rurdle)
or intramodal chance (tc see 1if greater similarity produces
greater LTH-generalization), as well as with nc stimulus
change at all (i.e., the =same =stimulus series repeated
across sessicns).

A tertiary motive fcor the «current investigation was to
assess the wviability of studying 1long-term habituation
employing relatively brief retenticn intervals; only Bishcp
and Kimmel (1969) have wused such a short interval in
studying LTH, but since some inccnsistent results have Leen

generated frce this lab (i.e., Kimmel and Goldstein [ 19€7]
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found no LTH effect with initial respcnse magnitude, whereas
Eishop and Kimmel did), it was thought that such
reconfirmaticn was in order. Since the duraticn cf STM-
representaticns 1is taken to be very brief, it would
certainly seem that a retention interval of o¢ne week is
unnecesarily long. 0f ccurse, a retention interval on the
crder of minutes rather than days or weeks cffers ckvicus
practical advantages. Thus, any gross disparities betueen
the present result and that of previous LTH studies might
raise questicrs alkcut the suitability of the use of brief
retention intervals or of other aspects of the paradigm

employed here.
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METHCD

Design

Four groups of subjects were enmployed, provided with
experiences in two experimental "sessions"™ ("Part A" and
wpart Bv; see Takle 1), The =similarity of the two
"sessicns"™ provided to each group varied frem not very
similar to identical. These "sessions" actually tcok place
within a single experimental sitting, and might therefore be
more appropriately labelled "parts." The interpart interval
was designed tc provide a maximum cf distractions for the
subject, enhancing +the distinction ‘tetween the pfparts and
making the interpart interval analagcus in quality, if not
degree, tc the 1intersession interval employed in mcre

traditicnal designs.

TABLE 1

EXFERIMENTAL LESIGN

Pa
Group 13

Par

e+
I

rt A
Visual memory task +

ten-minute 4 All grougs:
Group 2: 12 light cffsets

Group 3: 12 500-cps tornes

+
+
+ Tetention + 12 2C00-cps
+
+ interval + tones

+

Group 4: 12 2000-cps tones
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The four groups received identical treatment in Part B--
repeated presentations of a 20C0-cgs tone, However, the
grcups differed according to the nature cf their treatment
in Part A, Fcr Grcur 1, Part A consisted of the performance
of a simple visual memory task; Group 2 was exposed to
repeated offsets of the cverhead illumination; Group 3 was
exposed tc a series of 500-cps tcnes; and Group 4 was
exposed tc repeated presentations of the 2000-cps tcne.

By Part E, Group 1 had undergone previcus exposure to the
experimental context, though withcut receiving presentations
cf repetitive, discrete stimuli. This ccnditicn was
intended tc provide subjects with the cpportunity to learn
of the nonthreatening, nondemanding nature of the
experimental setting. I+ was thought that this would
engender a feeling of having successfully ccmpleted an
experimental session without prcviding a memcry of discrete
stimuli tc influence behavior in Fart E. To the extent that
LTH is a prcdect c¢f such neon-stimulus-specific factcrs,
Group 1 shculd shcow habituaticn in Part B greater than that
cf Group 4's habtituvation to an identical stimulus series in
Part A.

Group 2 was exposed to two stimulus series (one in cach
Part) with the same tempcral characteristics but differing
in modality; Group 3 was exposed to two stimulus series (cne

in each Part) with the same temporal qualities ard ir the
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same modality, though differing along a dimensicn within
that modality. Finally, Group 4 was exposed tc twc Parts
identical in e&ery way.

While Group 1 was intended tc prcvide an idea of the
extent of non-stimulus-specific factors in single-sessicn
studies of lcng-term habitvaticn, Groups 2, 3, and 4 were
intend=2d toc provide an estimate of the degree o¢f stimulus-
spcificity crerating in such a design. An hypcthesis
accounting for LTH exclusively in terms of stimulus-
specificity wculd predict only the "identical" grcup (Grcup
4) to shew LTH. An hypocthesis tc the other extreme,
attributing LTH entirely to non-stimulus-specific adarptaticn
to the experimental context, would predict no differences in
LTH among the fcur grours. In view of the evidence reviewed
above, in particular the STH stimulus-change literature, the
hypothesis entertained herein was that varying degrees of
LTH would be demonstrated bty all four groups in Part B. It
was thought that 4B wculd show the greatest retention of
habituation, follcwed in tvrn by 3B,2B, and 1B.

In this study, the subtjects were uninformed abcut the
precise nature c¢f the stimuli tc be presented for two
reasonss: Cninformed subjects would be 1less likely tc have
an a priori representaticn (hcwever vague) of the stimulus
in STM, producing a minimal rate cf habituaticn that wculd

provide a maximally sensitive measure cf variations in I1TH.
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Also, it was thought that the likelihcod that differential
expectancies tetween groups wculd ccntribute to differential
rates of habituation would ke diminished. Tc this end, the
Harding and Rundle design was improved wupon in that
stimulus-delivery apparatus were as unobtrusive as rpossitle,
hopefully avciding the ccrfcunding cf subject expectations
with stimulus-memory.

In order to verify that the =subjects' a priori
expectations of the nature of the stimuli did nct vary frcm
group tc group, a questicnnaire was administered at the end
of the experimental session (see appendix B).

Finally, in crder to minimize errcr variance, all groups
were matched with respect tc pre-experimental 1level of
spontaneous fluctuations in skin ccnductance (SSF), since,
as stated above, this measure has been shown to correlate
positively with both trials-to-critericon and with amplitude

of respcnse.

Female undergraduate vclunteers from the subject pccl cf the
University of Victoria Department of Psychology vwere
solicited via telephone and were informed that this
experiment wculd invclve the recording of their physiolcgic
responses to series of innocuous stimuli. A total «cf 83

women participated in the study, three o¢f +whom were
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discarded frcm analysis-- two due tc equipment failure and
cne for health reasons. Twenty subjects were randcmly
assigned toc each of four groups, with the ccnstraint that
the groups wculd ke matched with rtespect tc frequency of
spontaneous fluctuations in skin ccnductance during a twe-

minute pericd preceding treatment.

Apparatus

Fach subject was seated in a ccmfortable easychair in an
electrically shielded chamber. Illumination in the chamber
was provided by two 40-watt bulbs in each of twc ceiling
fixtures and cne 6C-watt bulb in a reading lamp shining over
the subject's left shoulder, The visual stimulus presented
to Group 2 in Part A was a one-seccnd cffset of the ceiling
lights, leaving only the reading lamp cn. The offsettirg cf
the <ceiling lights was <ccntrclled by a tape programmer
(contrclling the intervals between offsets) ccupled with a
digital timer (contrclling the duration of the offsets).

All tones (8C dB, cne seccnd lcng) were presented cver
headphones and superimposed over white ncise (55 4B,
contiunously emitted); intensities were measured with a
sound-pressure level nmeter at the headphones. Each tone
triggered a pen deflection of a particular polygraph charnel

(constituting an event marker), as did each 1light offset.
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The tones were prerecorded, frcm a Wavetek model 134 signal
generator, cnto three cassette tapes: cne for Fart 2 Group 3
(12 500-cps tones), one for Fart A Grecup 4 (12 200C-cps
tones), and cne fcr Part B all gréups (12 20CC-cps tones).
The interstimulus intervals (ISI's) varied among duraticns
of 25, 30, 35, and 40 seconds, in pseudorandcmized fasticn
(i.2e., in each block <c¢f fcur trials, each ISI was
represented once; within each block the ordering of ISI's
wvas randomly ccmputer-generated). The crdering of intervals
in Part A was identical for Groups 2, 3 and 4. (This cf
course did noct arply to Grour 1.) In Part B @ seccnd
permutation of interval crders, identical for all gtcups,
was provided.

Alsc in Part B, a thirteenth tone (5C0 cps) was provided
to all grcups. It was thought that such a tcne, identical
to that presented to 33, might prcvide dinformaticn
concerning the long-term effects cf stimulus similarity with
an intervening repeated stimulus.

The items of the nremcry task (Part A, Group 1) were
innocucus photographs. The memory set consisted c¢f five
photos; the second set ccnsisted cf the same five plus ten
additional (distractcr) photocs.

Clipped to the subject's collar was a micrcphcne to
detect wunusual respiraticn or movements in the chamter.

Polygrarh rpen deflections accompenied by the scunds cf
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subject mcvement (especially ncticeable in a vinyl
easychair) cr heavy sighing, coughing or sneezing vwere
discounted as artifactual. The experimenter wore stereo
headphcones cver which PFe mcnitcred bofh chamber scunds and
the subject's headphone output. Two Ag-AéCl electrcdes with
a K-Y Jelly electrclyte were attached to the palmar surface
cf the middle segment of the middle- and forefinger cf the
nonpreferred tard. Skin-ccnductance was transmitted, via a
constant-vcltage skin conductance unit (MacPherscn, MacNeil,
Marble, and Reeves, 1976), +tc twc channels (one high- the
cther 1low-gain) of the polygraph fcr reccording. The
functicn o©f the high-gain channel was to detect phasic
fluctuations in skin ccnductance, while the low-gain channel
recorded tonic skin conductance level.

Finally, a photoplethysmcgraph was attached to the third
finger of the nonpreferred hand, transmitting gfperipkeral

pulse vclume to a third channel of the pclygrarph.

Procedure

Each group was expcsed to twc six-minute experimentezl parts,
separated by an interval of ten minutes. Prior tc entering
the experimental chamber, the subject was told that ttere
would be treaks during the exreriment while the equipment
was calibrated. Furthermore, she was informed that, =<since

the recordings teing taken required the maintenance cf
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alertness, she would be asked tc read a magazine during the
breaks to ward off drowsiness. The experimenter and sulkject
then entered the shielded chamber, the subject was seated,
fully upright, in the easychair and informed that she cculd
abort the experiment at any time by simply voicing a desire
to do so. The electrodes and microphone were then attached;
the subject was tcld c¢f their purgose, asked to move as
little as possible, provided with the magazine, and askeé¢ if
the reading lamp provided suitable light for reading.

The experimenter then 1left the chamber to calilrate the
polygraph, asking the subject to read during his aktsence.
After calibraticn, bhe returned tc remove the magazine, to
tell the subject that a two-minute period c¢f baseline
measurement wculd fcllcw, and tc place the white-ncise-
emitting headphones on her, explaining that they were
nacessary tc mask extraneous noise, The experimenter again
left the chamber. During the following two-minute interval
the subject's number of spontanecus fluctuations was counted
and she was assigned to one of two SSF levels: lcw (0 - 3
SSF's) or high (4 cr more SSF's). Cn this basis the subject
was then assigned tc cne of the fcur experimental grcups
such that they would be matched with respect to tasal SSF.
The experimenter reentered the chamber, removed the
headphones, read the appropriate instructions (see Appendix
A), replaced the headphcnes, left the chamber, and presented

the appropriate Part-A stimuli to the subject.
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After Part A, ‘the experimenter returned the sulkject's
magazine, removed the headphcnes, 1left the chamber, and
allowed five nminutes of reading tinme. He then again
reentered the charber and ccnversed with the subject fcr
about five minutes, asking mincr demcgraphic details and
generally trying to keep the sulject alert and at ease,
Finally, he again tcck the wmagazine, read aloud the
instructions for Part B (see Appendix A), reapplied the
headphones, 1left the chamber, and presented the Part B
stimuli, |

Folleowing Part B a brief questicnnaire was presented to
each subject (see Arprendix B), the raticnale of the
experiment was explained, the sutject was asked nct to
discuss the experiment with anyone for a pericé cf two

months, and ske was dismissed with thanks.

Stimulus-linked respcnses were defined as the largest change
in skin conductance of at least 0.02 micrcmhos beginning one
to four seconds following stimulus cnset. The =same
amplitude criterion was applied to spcntaneous fluctuations.

A single deflecticn was ccnsidered to have ended when the
slope c¢f the <curve reached =zerc. Thus, twc ugward
deflections separated cnly by a horizontal segment were

considered as two distinct changes in skin conductance. In



34

the absence of a stimulus, these would have Lteen twuo
spontaneous fluctuations, Had they both begun one tc four
seconds fcllcwing a stimulus cnset, the 1larger deflection
would have been considered a response and its amplitude
scored from its onset tc its peak.

Trials-to-criterion for a given subject was definec as
the numter cf stimuli presented befcre that subject reached
an habituaticn criterion of three consecutive ncnrespcrses,
A subject showing nc respcnse cn any of the first three
trials would have been considered to have shown zerc trials-
to-critericn, while a subject who had nct reached criterion
before trial 12 yet showed no response ¢to trial 12 wculd
have been considered to have <chcwn eleven trials-to-
critericn.

In additicn to SSF, two other measures of tconic arcusal
were scored: heart rate level (HRI) and skin conductance
level (SCL). SSF and HRL were assessed during a two-minute
period preceding the assignment cf subjects tc groups (and
divided by four to give rate rper 3C seconds), during the
first and last 30 seconds of Fart 2, and during the first 30
seconds of Part B, SCL was assessed Jjust prior to
assignment, at the end of Part A fer Group 1, and two
saconds before the presentation o¢f each stimulus fcr all

groups.
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First, Cochran's test of homogeneity of variance and the
Kolmogorov-Smirnov test for goodness-cf-fit tc a ncrrmal
curve were used tc determine whether each measure conformed
to the assumpticns of parametric analysis.

Initial response magnitude and trials-to-criterion cf 4A
was then ccmpared to that cf 4B. If any group was to show
LTH it would be this one, since Grecup 4 was essentially
serving to replicate the alrecady well-established phenomenon
cf LTH with <cross-sessional presentations of identical
stimuli.

To assess the effects of the FPart-A experiences urcn
Part-B respcnding, U4A (the nc-treatment controcl condition)
was compared to 1B, ZzB, and 3R, Pssuming that there wculd
be some non-stimulus-specific influence upcn 1B, 2B, and 3B,
and a "generalizaticn of habitvaticn®™ affecting 2 and 3E,
these conditions were expected tc produce lower initial
responding and more <rapid habituvaticn (lower trials-to-
critericn) than 4A.

From the STH literature, it was exrected that, relative
to 4A, 4B wculd show the greatest drecp in initial response
magnitude and trials-tc-criterion fcllcwed in turn ty 3E,2B,
and 1B, Tc determine this, multiple ccmparisons of the four

Part-B conditions were conducted.
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Thus, the primary analyses were: a 4A-U4B ccmpariscn, a
42-1B,2B,3B ccmparison, a 1E-2E-3E-4B compariscn. Further
comparisons were purely c¢f a pcst-hec nature and were
intend2d to elaborate fully on the nature of the results
obtained. Alsc, a caveat is in order: An alpha-level of .(C5
was adopted throughout these analyses, despite the highly
repetitive nature cof the ccrmpariscns performed. Thus, the
cautious reader shculd tear in mind that the experimentwise
error rate has teen severely inflated. Significant results
corroborating earlier findings wculd =seem safe tc accept;
others might best be accepted tentatively rather than

conclusively.
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RESULTS

Mean response magnitude over triels fcr each grcup is
represented in Figure 2 (for Part A) and Figure 4 (for Fart
B) . These graphs show the greatest separatiocn letween
groups to exist in the frist trials cf each part.,

Since dinitial respcnse magritude <showed heterogeneous
variance across groups in Part B (see Tabkle 2), @and since
SSF was not ccnsistently ncrmally distributed (see Table 3),
these measures were analyzed nonparametrically.

The first comparative analyses scught tc confirm that LTH
had occurred in Grcup 4-- the conditicn that was thought to
maximize the 1liklihocod of 1LTH. Matched-pairs tests (see
Table 4) indicated that both initial response magnitude (p =
.001, Wilccxon) and trials-to-critericn (p = .002, t-test)

dropped significantly across parts within Grougp 4.
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TAELE 2

DETFRMINATION OF HCMOGENEITY OF VARIANCE

COCHRAN TEST FOR HCOMOGENEITY OF VARIANCE

T.ReMe TeT.C.

Part A--- p=,.,080 p=.399
Part B--- p=.00C p=.578

S.SQF. S‘C.L.
Preceding treatment--- p=.716 r=.383
Beginning cf Part A--- p=,.411 p=.390
End of Part A==—==<=-s p=.020 p=.142
Beginning cf Part B--- p=,243 =.2%3

TABLE 3

APPRCXIMATICN OF TEE CATA TO A NORMAL DISTRIBUTION

KOLMOGOROV-SMIRNOV GCODNESS OF FIT
(Group 4)

I.EQH. T‘T.c.
Part B-=-= p=.272 p=.155

S.S.F. S.C.LQ
Preceding treatment--- p=,393 rp=.27C
Beginning cf Fart A--- p=.321 p=.29¢
End of Part A-=e—wesws p=.CCC p=.419
Beginning cf Fart E--- p=.084 p=.608
TAELE 4

H.R.L.
p=.844
p=.765
p=.048
p=.253

H.R.L.
p=.844
p=.566
p=.958
p=.954

DETERMINATION OF LTH WITHIN GERQOUP 4

MAICHED-PAIES TESIS (42 ¥s 4E)

initial respcnse magnitude---ties
trials to criteriop-===ccma=a d.f.

nn
—
O O
-
ot
Inn

-3.285, p

4.20, p

I n

40

.C01
.000



41

Mean initial response magnitudes, with their asscciated 95%
confidence intervals, are repcrted in Figure 5 . Ferforming
an overall Kruskal-Wallis ANCVA on conditions 4A, 3B, 2B,
and 1B (see Table 5), a significant GROUP effect was evident
(p = .000). Repeated Mann-Whitney U-tests (alsc in table 5)
comparing 4A with, in turn, 3E, 2E, and 1B showed 3B tc ke
significantly lcwer than, and 2B and 1B tc not significantly
differ frcm, 4 (p's = .00C6, 3509 , and. .2132,
respectively). Despite the apparently greater variatility
of 1B and 2B compared to that cf 4A, Koclmcgorov-Smirnov
tests proved nonsignificant (see tatle 6).

Kruskal-Wallis analysis restricted to the four groups of
Part B (ccnditions 1E, 2E, 3E, and 4B) alsc indicated a
significant GROUP effect (p = .000; see table 7). The

ensuing multiple PMann-%Whitney ccmpariscns showed 1B to be

significantly greater than 2E (p = .0498), 3B (p .0C01),

and 4B (p = .0000); 2B showed only a tendency for greater

responding than 3B (p .C677) and significantly greater

responding than 4B (p .0090); 3E did not sigrificantly
differ frcrm 4B (p = .5241).

A Kruskal-%allis ANCVA performed on the three c¢rcugs cf
Part A (ccnditions 24, 32, and 4pn) alsc discerned a

significant GROUP effect (p = .CCC; see table 8). Multiple

Mann-Whitney comparisons showed this effect tc be entirely
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TABLE 5

DETEFMINATICN CF LTH CF GECUPS 1,2, AND 3

KRUSKAL-WALLIS ANOVA (1B,2B,3B,43)

(corrected for ties)
chi-square significance

17.9¢C7 0.000
MANN-WHITNFY U TESTS z 2-TAILED P
1B vS UA=====-m=—mamun -1.2047 0.2132
2B VS UA===m====men -- -0.9336  (.350%
3B Vs UA=-=mmmmmmmmme -3.4102 €.C0C6

TABLE 6

CCMPAEISCN OF DISTRIBUTICNS OF 1E ANTC 2B TO 4A.

max (abs diff) 2-tailed r

1B VS 4A======- -0,.3500 0.1
2B Vs JA--=—e==-- 0.4000 0.1
TAELE 7
'CCMPARISON

KRUSKAI-WALLIS ANCVA (1E,2E,3E,Y4E)

(corrected for ties)
chi-square significance

23.130 0.000
MANN-WHITNEY U TESTS
1B VS 4R==mm=mmmm=mmu -4, 1149 0.0000
2B VS UE====m=mmmmme- -2.€118 €.C090
3B VS UP===mmm=m——mm- -0.6370 0.5241
1B vS 3B==-===mmm=—u -3.8020 0.0001
2B VS 3P=-—mmmmmmmme—— -1.8267 €.0677

1B vS 2B============n -1.9617 0.0468
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due to 4A's greater responding than 3A (p = .0C16) and 22 (p
= ,0001); no <significant difference between 2A and 32 was

detected (p = .4090).

TAELE 8

COMPARISON OF INITIAL RESPONSE MAGNITUDE OF 2A, 32, & 4A

KALLIS ANCVA (22,32,42)

(corrected for ties)
chi-square significance

17.270 0.000

MANN-WHITNEY U TESTS 7 2-TAILED F
20 VS 4A===mmmmmmm—e- -3.8841 0.0001
3 yS UA===—=m=m=mm-e- -3.1521 0.C016
20 VS 3A=m===mmmm--m- -0.825€ 0.4090

Figure 6 displays the mean trials-to-criterion and
associated 95% ccnfidence intervals for each ccnditicn.
Paralleling the ncnparametric analysis of initial response
magnitude, a parametric ANCVA for ccnditicns 4A, 3B, 2B, and
1B was performed. For trialé-tc-criterion, however, no
significant GROUP effect obtained (F(3,76) = 0.459, p =
«712) &

The same analysis, restricted tc the four grouprs of Eart
B, alsoc proved nonsignificant (F(3,76) = 1.957, p = .128).
However, the fact that the trials-tc-criterion of 4F (mean =

3.5) showed a tendency to be 1lower than the trials-tc-
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Figure 6:

MEAN TRIALS 1C CFITERICN
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criterion of 18, 2B, and 3B (means = 6,0, ¢€.4, and 6.1,
respectively) should nct be cverlocked. Also, the overall
ANOVA on trials-to-criterion in Part A was nct significant

(F(2,57) = 2.784, p = .C70).

Mean skin ccnductance level (SCL) fcr each grcup, measured
two seconds pricr to the presentaticn cf each stimulus, is
portrayed in Figures 7 and 8 . Measurement throughout Part
A was not feasible fcr Group 1, since perfcormance of the
visual memory task resulted in encugh movement tc cbhscure
the recordings. A matched-pairs t-test comparing SCL (see
Fiqure 9) Jjust pricr tc trial 1 tc that just prior to trial
12 (see Table 9) indicated a significant overall net drcp in
SCL in both Part A (p = .000) and Part B (p = .00C). The
rise in SCL frcm the end of Part A to the beginning of Fart
B was also significant (p = .000), as was the increase frcm
the beginning o¢f Part A to the beginning of Part B (p =
.002) . Fer groups 2-4, HRL (see Figure 10) =significantly
dropped frcm the beginning of Part A to the beginning cf
part B (d.f. = %7, T = 3.39, p = .0C1) . For SSF (see Figure

11) , this dror was also significant (2 = 2.372, p = .018).
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MEAN SKIN CONDUCTANCE LEVEL CVEE TRIRLS-- ERFT A
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Fiqure 10: MEAN HEART EEATS PEE 30 SECCNDS

By the end «<¢f Part A, «ncverert due to the task had
subsided sufficiently to once again enabtle the meesurenent
of tonic levels. Thus, it was fossible tc compare the tcnic
levels of all four groups at each of tlke points displayed in
Figures 9 - 11 A cﬁeuay ANOVA perfcrmed at each of these
points for each of these measures (sc¢e Tatle 10) <cslkowecd tte
cnly intergroup differences to exist at the end c¢f Part A,
for SCL and SSF (p's = .(197 and .CC02, respectively).
Yultiple <ccmpariscns trTevealed these differences tc tave
entirely resulted frcm the higher levels displayed by Group

1.
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Figure 11: MEAN SPONTANLEOUS FLUCTUATIONS PEEF 30 SECCMLS
TABLE 9
CID SCI VAFY THECUGHOUT THEF SESSION?

MATCHEL=-PAIRS T-TESTS CN SCL

T LCF 3
BECrease 1 BADL A=sos s mms s o mmiiw mme d ===« EaQ8 TS§ LCO00
FECEean® 45 FRrt Booss sascscam s sammn = s s iyghe §.88 77 .000
Increase frcw end of A to Feginning Cf [x-====ne- -c., €4 7&¢ ,000

Increase frcm beginning cf A tc beginning cf B--- -3,31 £¢ .CC2



TAELE 1C

INTEFRGRCUP CCMEAEISONS CF TONIC MEASURES

ONEWAY ANOVAS OF TCNIC MEASURES

SCL (parametric)

Preceding treatment--- F (3,76) = 0.459%, p = .718
Reginning cf Part A--- F (2,57) = 0.065, p = .937
End of Part A--=—===-- F (3,75) = 3.493, p = .020
Beginning cf Part B--- F (3,76) = C.054, p = .983
ERL (parametric)

Preceding treatment--- F (3,74) = 1.112, p = .350
Beginning cf Part A--- F (2,55) = 1.78%5, p = .177
End of Part A-=-===e==- F (3,73) = 1.080, p = .363
Beginning of Fart E--- F (3,72) = 0.524, p = .667
SSF (ncnparametric) CHI-SQUARE SIGNIFICANCE
Preceding treatment--- 0.139 . 987
Beginning cf Fart R2--- 0.237 . 8E8

End of Part A--======- 19,066 .000

Beginning cf Fart E--- 0.865 . 834
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DISCUSSION

Hultiple- vs. single-session designs
To first ascertain that the single-sessicn design employed
is a viable method by which to study LTH, some findings of
previous studies were ccmpared with the current results.
The most fundamental finding in cross-sessicn studies cf
habituation is that the degree of habituation increases with
repetition c¢f the same stimulus series. As mentioned atove,
this finding-- the basic LTH pbehcmenon—- is sc well
established that Thcrpscn and Spencer (196¢6) have
incorpcrated it as one of the defining characteristics of
habituaticn. The within-group ccmparison of 4A with 4B
revealed a cross-Part drcp in both initial response
magnitude and trials-to-criterion, matching the
intersessicnal decrement fcund in the multiple-session
studies menticned above. This replication of LTH therefcre
implies that it is appropriate tc wuse the single-session
design to investigate LTH.

Also menticned above, a seccndary finding characteristic
cf multiple-session habituaticn studies is that c¢f an

arousal decrement beth within and between sessions.
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Although there scems nc reascn tc demand such an effect of
all LTH studies, it may be noted that, for the mcst part,
comparakle results were cbtained with the currently employed
design. The only discrepancy arpeared with the ccmparison
cf SCL at the beginning of Part A tc SCL at the keginnirg cf
Part B: A significant increase 1in SCL occurred across
Parts., Such a finding is not only at odds with what wculd
be expected of a multiple-session study, Fut also
contradicts the current results showing an interpart
decrement in two other arousal measures (SSF and HRL).

This apparently incongrucus interpart SCL activity may,
however, make sense in 1light of a finding by Bundy and
Mangan (1979). These researchers made note cf a hydraticn
effect leading to increases in SCL as a functicn of the time
the electrodes have been attached. Since in the current
study the electrodes had been attached abcut 16 minutes
longer at the beginning of Part B than at the beginning cf
Part A, the aprarent increase in SCL may be attributable to
hydraticn of the electrolyte. It would therefcre seem
reasonakle tc accept the other twc measures, SSF and HRI, as
more accurately indicative of true interpart changes in
arousal.

Thus, ccnsidering the apparent ccmparability of multiple-
session and single-session studies of LTH, it wculd seem

that no evidence contraindicating the wuse of relatively



brief retenticn intervals was cttained. The use cf
multiple-sessicn designs apgears to constitute an

unnecessarily urwieldy methcd cf studying LTH.

Initial response magmitude
The absence cf a significant difference between 1B and 4A
provides nc evidence, with the current design, for the
contribution cf non-stimulus-specific facters to LTH. The
implication, then, is that expcsure to the experimental
setting per se dces nct necessarily prcduce a decrement in
responding to stimuli later presented in that setting.

Of course it also bears menticring that the 1A condition,
a visnal memcry task, is not <cowmpletely analogcus tc an
habituation "task." The intent o¢f 12 was tc impart an
impressicn of having successfully ccmrleted an experimental
session without providing discrete haltituatery stimuli.
Although the memcry task was active in nature whereas
habituation "tasks"™ are quite passive, it was thought that
such a mildly active task would only exaggerate a feelinc cf
successful accormplishment, Unfortunately the active nature
of the task also prohibited the recording of tonic levels,
eliminating any verificaticn that the 1A ccndition was
successful ir instilling arousal effects 1l1like those of

sessions ccnsisting of habituatory stimuli. On the cther
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hand, the fact that SCL, SSF, and HRL at the beginning of
Part B were virtually the same in Grcup 1 as in the cther
groups suggests that these subjects alsc sustaineé a
decrement in arcusal.

Group 2B also showed no significant difference frcm U4A.
Since Group 2 shcwed an interpart decrement in arcusal
(excluding SCL, for reascns stated above), yet demcnstrated
no LTH, it provides further evidence for the atsence cf ncn-
stimulus-specific influence on LTH.

The absence of a difference tetween 2B and U4A also
implies that there was no generalizaticn of habitvation in
Group 2, despite their exposure tc a temporally-similar but
modality-different stimulus in Part A. This absence of a
2B-4p difference, implying an absence cf intermcdal
generalizaticn c¢f LTH, 1is also ccnsistent with Harding and
Rundle (1969) who, as mentioned atove, found nc decrement in
initial response magnitude across weeks in a grcup receiving
intermodal stimulus change.

Initial responding of 3B, lower than that of 4A, dimplies
that intramcdal generalizaticn of ITH did occur. Cespite
the fact that the S50C-cps tone of 3A was very different than
the 2000-cps tone of 3E, prior hatituaticn to the 5CC-cps
tone led to initial responding 1cwer than would have teen
expected (as indicated by initial responding cf 4A) had no
prior hatituation been prcvided. Thus, some effect of

degree of stimulus similarity upon LTH was evidenced.
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In general, then, the ccmpariscn of 4A with 1B, 2B, and
3B provided nc evidence for non-stimulus-specific irfluences
cn LTH and nc evidence for intermcdal LTH generalization,
but did provide evidence for intramcdal LTH generalizaticn,

Returning to the ccmrariscn cf 1B with 4A, a finding with
potentially impertant implicaticns for the interpretaticn of
the current results came to light. Although ncnsignificant,
1B appears tc show at least a tendency for greater
variability and greater responding than 4A. Such a firding
was quite surprising since it was supposed that 1B would, if
anything, =show a tendency for lcwer responding resulting
from greater experience with the experimental setting.

Graham (1€73) &pcinted cut that there have been STH
studies showing responding to a test stimunlus, follcwing
habituaticn to another stimulus, to be greater than
responding to the initial presentaticn of the habituation
stimulus., She suggested that such a finding may be
understood in terms of expectancy, with repeated
presentaticns of the habituation stimulus g¢enerating a
decreasing sulbkjective probability cf occurrence of a changed
stimulus. That is, as the neuronal model of the hatkituaticn
stimulus teccmes mcre sharrply defined, the ©perceived
likelihcod of the occurrence of a different stimulus
diminishes, A subject first entering the experimental

setting might, for example, have nc reascn to expect a tcne
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rather than a light; at this pcint, the light would elicit
responses nc greater than those tc the tone. After
habituating tc a series of tones, however, the subject's
expectations may be more sharply defined. Presentation of a
light at this point might produce a greater input/mcdel
discrepancy than at the beginning c¢f the session, hence a
greater respcunse.

Although this explanation might acccunt for the alsence
of generalizaticn ¢f LTH in Grcup 2, it is wunclear why 1B
should have shown even a slight tendency for facilitated
responding. Group 1 received no hatituation stimuli in FPart
A, and their irstructicns for Part B clesarly indicated that
the second phase of the experiment was to be quite different
from the first. Why, then, <shculd this group have a more
fully defined set of expectancies pricr tc Part B than Group
4 had prior tc Part A? (In fact, subject responses tc the
gquestionnaire indicated no differences in expectancies: 10
subjects in 1B and 11 subjects in 42 reported expectinc an
auditory stimulus.)

Perhaps a factor other than expectancy per se cshculd be
considered. Jackson (1974) has shcwn that the intensity of
an habituation stimulus can affect responding tc a later
test stimulus. She provided an habituvation series of tones
to five different groups, each grcup receiving the tcnes at

a different intensity. Fcllcwing habitvation, each group



was given a test stimulus at each of the five intensities.
Jackson fcund that subjects who had habituated to the less-
intense stimuli <showed greater responding tc the nmore-
intense test stimuli than a contrel group that sinmply
received the test stimuli withcut pricr habituaticn. The
implication, then, is that responding tc a test stinmulus may
actually be facilitated by prior hatituation tc a stimulus
of lower intensity.

Although the present design did nct involve variaticons in
the physical intensity of the =stimuli, Jackson's study may
be analogous c¢cn a more abstract level. One might arque that
the "subjective intensity" cf the Part A stimuli did vary
across groups, producing an effect similar to that resulfing
from Jackscn's manipulaticn of "physical" intensity.
Support for such a contention would ccme from the resgcnse
magnitude data of Part A, =showing the 2000-cps tone to te a
greater resgonse elicitor thén either the 500-cps tcne or
the light-cffset. This finding in itself was scmewhat
surprising since Ccrran (1966) had previously shown that the
ragnitude cf responses to 67C- and 1850-cps tones dc nct
significantly differ. Hcwever, as rcinted out Lty Graham
(1973), Ccrman's statistics ccmpared responses to the two
tones averaged over ten trials. His analysis may have
therefore been insensitive tc differences 1in the earlier

trials. The current finding of greater initial respcnding
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to a 2000-cps tone than tc a 500-cps tone suggests that
Graham's criticism may have been well fcunded.

At any rate, if one is willing tc accept a 200C-cps tcne
as more "intense" than a SCO-cps tcne, a light offset, or
the memory-task condition, then one might well consider the
possibility that initial respcnse magnitudes of 1B, 2B, and
3B may have been heightened as a result of the general
"Jackscn effect"™ elabcrated above. 1In such a case, evidence
for non-stimulus-srecific influences and/cr for cress-modal
generalization may have been obscured. If the atsence cf a
Jackson effect had been assured by matching the eliciting
qualities of all stimuli, such evidence might have cbhtained.

Turning to the ccmpariscn cf 1B, 2B, 3B, and 4B, we see
that, in spite of the possibility o¢f a Jackson effect
influencing the ottained results, 3B was not statistically
greater than 4B, Such a result is consistent with the
conclusion of intramodal generalizaticn cf LTH, thcugh it
had been expected, based ecn STH studies, that dinitial
response magnitude would be greater in 3B than in 4B (i.e.,
that generalizaticn c¢f LTH wculd nct be complete). Only the
relative crdering c¢f these +twc means was consistent with
such an expectation. The fact that the ordering of all fcur
group means was as predicted wmight imply that +the Jackson
effect heightened response 1levels but did nct elimirate

intergroup differences resulting frcem LTH generalization,
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Thus, the predicted ordering obtained but at higher levels
than groups 1B, 2B, and 3B might have shown withcut a
Jackson effect, Since 2A and 32 had not significantly
differed, it can bte argued that a Jackscn effect should not
have differentially affected these twc groups. Given an
equal influence of the Jackscn effect in groups 2 and 3, it
is clear that stimulus similarity is dindeed e factcr
contributing tc LTH.

In fact, the extent of the intramodal generelizaticn
found, so great as to lead tc nc difference between 3E and
4B, might encourage the mollificaticn of cur cencerns cver a
putative Jackscn effect. If the Jackscn effect is so
completely overcome bty the effects cf stimulus similarity in
the case of Group 3, then perhaps the atsence of an
interpart decrement in grcups 1 and 2 may be accepted with

greater confidence.

As mentioned above, Group 4 showed a highly significant drop
in trials-to-criterion from Part A to Part B, replicating
the basic LTH phencmenon and matching the result obtained
with initial response magnitude. However, the results cf
the other ccmparisons were less straightfoward. Conditions
1B, 2B, and 3F did not statistically differ from each cther,

from 4A, ncr from 4E,. Given that 4A and 4B did differ, the
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implication may be that groups 1B, 2B, and 3B fell somewhere
between 42 and 4B, kut trials-to-criferion Wwas not as
sensitive as initial response magnitude in discriminating
between greours. In rpart, the greater insensitivity of
trials-to-criterion could te a result of the additicn cf STH
effects, which should be identical across groups, tc the
effects ¢f LTE. 1Initial response magnitude, being closer in
time tc Part A and not influenced ty STH in Part E, might
therefore te regarded as a "cleaner"™ measure of LTH.
Trials-to-criterion, then, does nct permit definitive
conclusions ccncerning possitle effects of Part A c¢n Part-B
responding in grcugps 1, 2, and 3. In terms of means,
however, it deces seem that cross-Part repetiticn cf an
identical stimulus produces more rapid habituvation than any
cther previcus experience, Since groups 1-3 prcvided no
trials-to-criterion-evidence for any effects of Part A upon
Part-B responding, an evaluation of the effects of degree of

stimulus similarity was not possitle with this measure.

Thus, although Group 1 provided no evidence for the
influence of non-stimulus-specific effects on LTH (Neither
initial respcnse magnitude necr trials-tc-critericn of 1B
differed from that of 4A.), and Group 2 provided nc evidence

for intermcdal generalizaticn cf LTH (shcwing nc difference
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tetween 2B ané U4A fcr either cf ocur measures), the
possibility cf a Jackscn effect attenuating these results
cannot be entirely ruled out,.

Group 3 provided evidence for intramodal LTH
generalization with respect to 1initial respcnse mragnitude
but not for trials-to-criterion, perhaps suggesting that
initial respcnse magnitude is mcre sensitive tc the effects
cf stimulus-similarity across Parts. Visual inspecticn cf
the habituaticn curves presented in Figures 3 and 4 convey
an impression of agreement with the initial resgcnse
magnitude findings: The curves of 1E, 2B, and 4A apgpear
similar, as do the curves cf 3B and 4B. Group 4 showed a
drop in bcecth trials-to-criterion and dinitial resgpcnse
magnitude acrcss parts., The particularly robust findings
with this group are at least partially attritutakble tc the
fact that 4A-4B was a within-grcur ccmparison.

Compariscns within Part B revealed that, in general, the
ordering of mean initial response magnitude was ccnsistent
with the exrected effect of LTIH-generalization, though
response levels may have been elevated by the Jackscn
effect, perhaps cbscuring evidence for intermodal
generalization and non-stimulus-specific effects. Nc such
ordering was chtained with trials-tc-criterion, perhaps due
to the equal influence upcn all grcups of STH in Part E, or

perhaps due toc a ceiling effect in ccnjunction with elevated
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measures resulting frcm the Jackscn effect. In any event,
these results indicate initial response magnitude to be the
more sensitive measur=s of LTH.

A discrepancy arises when cne ccnsiders that Harding and
Rundle (1969) fcund an effect of WEEK in their CHANGED
group, implying that generalization does occur across
modalities., O0f course, nc such finding was obtained in the
current study. Harding and RKundle may have teen successful
in showing intermcdal generalization by matching all of
their stimuli for subjective intensity, therety avoiding a
Jackson effect. On thke cther harnrd, the fact that these
authors!' WEEK effect seems to reflect a difference in the
asymptotic 1level c¢f resrcnding reached with successive
sessions is disturbing; why should a historical difference
tetween groups prcduce a difference in the ultimate level of
responding attained?

In additicn, Harding and FEundle (1969) showed no
difference in the degrees of LTH (as measured by asynmptcte)
between CHANGED and SAME conditionmns. This is particularly
ancmalous, since in the present study only intramodal
generalization of ITH was evidenced, and only withk initial
response magnitude. Either the degree of similarity between
Harding and Fundle's S2MF and CHANGED groups was mitigated
by the SRL differences, as discussed in the introduction, or

the difference between T"same" (4) and "changed™ (2 and 3)
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groups in the present study was exaggerated by the Jackscn
efect.

The results of the present study are conccrdant with a
stimulus-ccmparator/information-processing model of LTH:
The use of brief retenticn intervals within a single
experimental sessicn was Jjustified, and the notion that
degree of stimulus-similarity does influence LTH was at
least partially suppoerted.

A somewhat surprising finding was that +tonal Gpitch
exhibits a dynamogenic effect similar tc that of stimulus
intensity. This effect may have mitigated the results which
might otherwise have unegquivccally implied that non-
stimulus-specific factors are significant with respect to
LTH and that intermcdal generalization cf LTH dces coccur.

It is clear that further research is mandated. Nct cnly
does the rereated nature cf the statistical analyées
employed imply the need focr further empirical verification,
but it is alsc quite evident that improvements in the
current design are needed: The various stimuli employed in
Part 2 should be matched with respect to +their eliciting
properties, and 1A shculd consist of a more passive
condition, enabling the recording of tcnic measvures
throughout the experimental sessicn. ©n the cther hand, the
possibility that "subjective stimulus-intensity" effects can
influence LTH might tear more direct explcration as a

rhencmenon cf interest in its own right.
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Appendix A

INSTRUCTIONS

The following rTepresents the verbatim instructions read to

each grcup prior to the beginning of each part.

Instructions for 1A. "Tc the left cf your chair ycu will

find a bocx containing a set of items. After I leave the
chamber, rlease open the container and study these itenms,
trying to ccemit them to menmory. After some time I will
come in and take the set away. After another pericd cf time
I will give ycu a larger set of items, some of which will
have been in the original set. Try to pick out the items in
the second set that had been in the first set, sorting them
into a separate pile. After some time has elapsed I will
come in to see how ycu have dcne, Please maintain an alert
posture with the chair fully upright and your eyes cgen.
The maintenance of alertness is essential. You will not be
informed cf the exact nature of the items beforehand, but

they are nct emotional or threatening in any way."

Instructions for 18, 2R, 3A, and 4A. "This pecrtion of

the experiment will involve the presentation cf a series of

innocuous stimuli. You are required to de¢ ncthing but to
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stay alert. We will Jjust be measuring your physiclcgic
functions during the =series, Please maintain an alert
posture with the chair fully upright and your eyes cgen.
The maintenance of alertness is essential, The type of
stimuli you will be getting will te randomly determined, and
you will nct be informed of the exact nature cf the stimuli

prior to experiencing them, but they are not emoticnal or

threatening in any way."

nstructions for 2B, 3B, and 84E. "This porticn of the
experiment will involve another series of innocuous stimuli,
You are required to do nothing hut stay alert. We will Just
be measuring ycur physiclcgic functions during the series.
Please maintain an alert posture with the chair fully
upright and your eyes cpen. The maintenance of alertness is
essential. Cnce again, the type c¢f stimuli ycu will ke
getting will be randcmly determined and you will not be
informed of the exact nature of the stimuli rpricr to
experiencing them, btut they are not emctional or threatening
in any way. The type of stimuli ycu will be receiving will
be randomly determined and bears nc relaticn to the type of

stimulus ycu had in PFart A."
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Appendix B

PCST-EXPERIMENTAL QUESTICNNAIRE

ALL GRCUPS

Were all of the tcnes in part 2 alike?

If you think so, I'11 tell you that in fact the last cne was
different in pitch frcm the cthers, If you had to guess,
would ycu say it was higher or lower in pitch?

If not, which one (or ones) were unusual and how was it (cr
were they) different?

How certain are you of your responses, on a scale from cne
to ten with "one" representing "not at all certain™ and
"ten" representing "absclutely certain"? (Experimenter

provides visual portrayal of scale.)

GROUPS ITTI AND IV

If you +think all of the tocnes in part 2 were nct alike,
would ycu say any were mcre like the tcnes of part 1?2

If so, which cne (or ones)?

How certain are ycu, on cur 1 - 10 certainty scale?

GROOPS II, III, AND IV
Just before beginning part 1, did ycu have an idea about the
kind of stimulus ycu were likely tc be getting?

If so, what kind of stimulus were you expecting?
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How sure were ycu, c<n cur 1 - 10 certainty scale, that you
would be getting the expected stimulus?

If not, what would you have said if you had been required to
predict the kind cf stimulus yov would be getting?

How sure of ycur prediction would ycu have been, o¢n cur 1 -

10 certainty scale?

ALL GROUPS

Just before beginning part 2, did you have an idea abcut the
kind of stimulus you were likely tc be getting?

If so, what kind of stimulus were ycu expecting?

If it was a tcne, were you expecting a particular pitch?

How sure were ycu, on ocur 1 - 10 certainty scale, that ycu
would be getting the expedted stimulus?

If not, what would you have said if you had been required to
predict the kind cof stimulus you wculd be getting?

How sure of ycur prediction would ycu have been, c<r cur 1 -
10 certainty scale?

When you heard the first tone in part 2, to what degree did
you feel surprised by it, on a scale from one tc ten with
"one" representing "nct at all surprised-- as if 1I'd
delivered it myself" and "ten" representing "yery

surprised."
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