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Habituation of cardiac components of the orienting reflex
to stimuli repeated at fixed and variable intervals

EDWARD S. KATKI~ and JCDITH S. ~ELSO~
State L'niversitv of.\'eh r od : ct Buttalo. Buttalo. .V. r , l -+ ~ ~;,

The purpose o f this study was to determine the
effects o f fixed -interval ,FI I st imulus repetiti on on
card iac components of the orienting reflex (OR l. It wa s
predicted that vari able st im u lus repe ti t ion would lead to
habit.u~tion of. the OR . where as a f ixed 'temporal
cond itioning I interval pa radigm would inhib it such
habituation . Thirty-six Ss were employed . The main
hypothesis concerning the effec ts of FI sti mulus
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repetition was confirmed . In addition . the data
supported the use of Lang & Hnat iows (19621
pe ak-to-valley measure of the cardiac response. although
the response appeared to be monophasically
decelerat ive. not diphasic . The results suggest that
st im uli ha vinz "signal fu nc t ions" will cont inu allv elicit
the OR . wh-ereas- st im u li not havinz such fu~ct ions
event u a lly lose thei r va lue as OR elicitors .

Experimcntul studies " ~t o heart :'.11<' (HR I s<'ncrJ!!:
hav, ~ i:..·ldi".... d ,..'I 'nTr ~:Ji,... ~ , ,; ·: !! ' h.l: p ~ :, \,:l'l1 ...crn inc th....
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direct ionafn y 1) 1 response These apparent con t radic tion,
were clarified in part by Lang &: Hnatiow ( IQ6."; I. who
suggested that the cardiac response is actually diph asic.
showing initial accelerati on followed by a loncer larencv
deceleration. Thus. Es who measu're the~ response
immediately after stimulation should find acceler3tion.
whereas Es who measure it more than 5 sec after
stimulation. should find J ecel"'ratil1n.

Lang and Hnat iow propo sed a "peak-to-valle y"
measure of HR. which takes into account both the
accelerative and decelerative components of the
response. This measure. the fastest of the first 6 beats
following stimulus onset minus the slowest of the next
15 beats . was held to be a reliable index of the diphasic
cardiac response. To substantiate their point. Lang and
Hnatiow exposed Ss to repeated stimulation and
compared the habituation curve obtained bv their
peak-to-valley method with habituation curves obtained
by other methods of HR measurement. Their
assumption. based on both association learning theory
and Russian research on the orienting reflex (OR), was
that the HR response should show extinct ion with
stimulus repetit ion. and that the index produ cing the
dearest habitu ation curves should be the most
meaningful index of the cardiac response associated with
the OR. As predicted. the peak-to-valley score yielded
the most adequate curve of habituation .

Subsequent research by Geer (I9641 on the
measurement of the conditioned cardiac response
supported Lang and Hnatiows contentio n that the
cardiac response was diphasic and also found that the
peak-to-valley score habituated with stimulus repetition.
Additionally, Geer demonstrated that. by pairing the
repeated stimulus with a shock or noxious tone (UeS).
the habituation of the OR to the first tone (eS) could be
inhibited. Thus. Geer concluded that the effect of
classical conditioning procedures was to inhibit the
normally occurring habituation of the HR response to
the cs.

On the assumption that the effects of the temporal
conditioning paradigm are approximately the same as
those of classical conditi oning, it might be expected that
stimulus repetiti on at a fixed time interval might also
inhibit habituat ion of the OR to the DeS. Lang and
Hnatiow did. in fact . utilize a fixed inter val (FI), which
thereby established a temporal conditioning paradigm:
however. they did not obtain inhibition of habituation ,
as Ceer did.

The purpose of the present experiment was to
compare the effects of FI stimulus repetiti on and
variable interval (VI) stimulus repetition on the HR
response. On the assumption that the HR response is
susceptible to temporal conditioning and that the effects
of such conditioning are similar to those of classical
conditioning. it was hypothesized that Ss in the FI
condition would not show habituation of the response
to a repeated stimulus . whereas Ss in the VI condition
would show clear patterns of habituati on .

In an attempt to evaluate the form of the response to
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di tte rcnI !l' l "c'I" , If ' st imulat ion . l ll l) stimuli ,'I ditrer cm
intensit ies were cm !' I , ) ~ cd , It was predicte d that
high-intcnsitv st imulation was likely tl) elicit HR
acceleration associurcd with what Sokolov (I q63} might
call the defense refle x (DR I.

\lETHOD
Subject s

T he $s we re 3f. un dc rer.idu.nc stud ent s 130 female an d b
mate : en ro lled in the inl~c'du, t 0 r~ psy,holo~~ cour-c .It the'
State l .'nivcrvit , c'f \c'" Yor k .rt Bu ffalo ,

Apparatus
T he Ss were run in .I di ml , illumi na ted sou nd pr oo f ch amber.

seat ed in a co m for tab le lou nge ch air. HR 1\aS de tect ed from ann
to arm by silver ele vtrodc- an d umplificd by a C rass ln-trumcnt ,
Co , 'l od ,'15P6 pream pli fier Both HR and respi ra t io n were
recorded o n a G ra ss " l'd d 5 p,'l y~ra F h , L lertri cal stimu li we re
del iver ed to the fi neer bl .I b( l<y , k a,' st im ula to r ran ci nc fr o m (I

to 30 V, iso lated {roll1 gro un d . The po lvg rap h. all1plifi,' r ,. and
stimul a tor were JII located ou tside th e ch am ber.

Procedure
T he Ss we re ass igned randomly to o ne of fo ur c vpe r imenr al

grou p s: \'I . high in tc nsity: \'I . low in ten sity : 1-1. hiah inr ensit v:
or 1-1. low intensit y . - ,

F o r the firvt ~ min . no st im ulat ion WJ S ad m in istered , ..Hte r
that. each S rece ived 20 elec tr ical stimul i o f 2 sec durat ion , T he
Ss in the tw o FI co nd itio ns received th e stimuli a t 30·s e,·
intervals . and Ss in th e tw o groups received them at interval
varying ar ound 30 sec in 5·se , ste ps between 10 and 45 sec , The
high-intensity st im uli we re de livered a t 30 \ . and th e
low-in tensit y stimuli were de live red a t 18 V.

RESULTS
In order to determine if there were differences among

the four experimental groups prior to stimulation . basal
HR was evaluated for the last: min of the initial 7-rnin
period. using the smoothed-peak-rate method suggested
by Opt on. Rankin. & Lazarus ( 965) . :\0 init ial
differences in heart rate were found among the fou r
groups.

The cardiac response to each of the stimuli was
evaluated by Lang and Hnatiow's peak-to-valley score.
After these scores were obtained for the 20 trials. they
were grouped in five trial blocks of four trials each .
Analysis of variance of these data indicated no main
effect of stimulus int ensity and no interact ions of
stimulus intensity with any other variable. but a
significant interaction of lSI with trial blocks (F = 2.99,
df = 4/128. p < .025 J. conflrrning the observation that.
irrespective of stimulus intensity. the heart-rate response
declined across trials for Ss in the VI conditions but not
for Ss in the FI conditions. Postexper iment al inter view
data indicated that the "high-intensity" stimulus was not
perceived by Ss as being intense: hence. the failure to
obta in stimulus intens ity effects may be the result of
inadequate stimulus selection,

The significant lSI by Trial Blocks interaction is
depicted in Fig. I . Since further analyses indicated that
there was no difference between groups during the initial
trial block . the data have been plotted as difference
scores between the initia l trial block and succeeding
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Fig. I. Mean peak -to-valley scores for Ss in the comb ined FI
and VI groups across five trial blocks.

REFEREl'CES
G eer, J . H . \I eas ur em ent o i t h e co nd it io ne d cardiac res p onse.

J o urnal o i Co m para t ive & P h ysi ol ogi cal Psv ch o logv . 19 64 . 57 .
4 2 6-4 3 3 .

Lang . P . J .. & Hri a t io w. \ 1. St imul us rep e t ition and the h eart ra t e
response. J ournal oi C ompa rati ve & Physiol o gical P sy ch ol o gy.
1962 . 5 5 .781-785 .

O pt on , E .. J r .. R anki n . ~ . 0 .. & La za ru s . R . S . A sirn p lifi ed
me t hod o i h eart rate measurement. Psvch o phvsiol o gv . 1965 .
2 . R7-97 .

S ok ol ov. E . ~ . H igh er n ervo us fu nc t ions : Th e o rie nt in g re f lex .
Annual R enew o i Ph vs iol og v. 196 3 . 25 . 5~5-58 0 .

<:1 5

IN' T! !. L BLeCK

" 3

:-'xES ; 5: (.'I -I S)

~':>--:---:~\-------
\
\
\
\

\ ~t. ...COM 151 ( N- IS )

~

0 - -

- (; 2 -

- .C I -

- .C3 -

- .C4 -

+.0 : -

......
w ,....,
C '
z ~

>-
'-
:.....

Z I

< ()
~ f

::i: I
:::-:

component o f the response was ana lyzed separately. .Althou gh
these fi ndincs are convistent with assumptions derived from
Geer': work . and they supp ort the utility of the peak-to-valley
score. thev are in distinct cont radiction to Lang and Hnatiows
orieinal ii;ldin~, with a 60-,e.: IT To be sure. there are many
difference- be t\\ e\'n their evperiment and the present one . and
futu re studies sho uld addre ss themselves to these differences.
They used male Ss. we used predom inantly female S, . Th ey used
a 60-,e.: interval. we used 30. They used auditorv stimulati on .
and we used tactile stim ula tion.

It is sieniflcaut to no te that. in the present stud y. the
peak-to-va lley score appea red to be a usefu l and valid measure of
the cardiac respon se. although the dip hasic response it was
desisne d to measure failed 10 materialize This is not surprising.
for -the peak-to -valley score will yield a reliable positive score
under anv of the followinz conditions : 111 if th e response i,
diphasic. . 121 if the response is a monophasic. long-lat ency
decelerati on. and 131 if the response is a mon ophasic.
short-latencv acceleration. In the fir st and second condit ions.
there wou ld be litt le di fference in score. for the decelerative
componen t which appear, more than five beats af te r stimulus
presenta t ion is subt racted from a prior fast er heart rate . whether
this faste r rate \\'a' at base level or was accelerat ed from base
level. In the thi rd case. if the HR accelerates rapidl y. and then
retu rn, to base level . the result is the same -a positive
peak-to-valle y score. Thus. it can be seen that the measure is
remarkably robust. and is not depende nt upo n a dipha sic
response to r its application . Yet. it appea rs that. in the presen t
study. the peak-to-n ile, score \\ .1, ope ra ting most frequ entl y a,
an index of a decelerat ive re-pon-e.

DISCUSSI01\
The main find ings of the present study may be summa rized as

follows. First. repeated I I <timulation inhibits hab itua tion of the
cardia, component of the OR. bu t has no discernib le d ied on
the anticipa tory HR response. Seco nd. in the present study. the
HR response wa-, decelerat ive fe r most Ss, accelera tive for some.
but rarely a stable diphasic response: furt hermore. neith er the
form of the response nor its habitu ation were related to the two
different levels of stimu lus intensity emp loyed.

The find ing that a fixed-int erval paradigm inhibited
habitua tion of the OR. at least a, it is reflect ed in Lang and
Hnatiows peak-to-valley measure of cardiac responding. bu t did
not result in anticipat or. HR changes indica tive of temporal
conditioning is consis ten t with G~er's report tha t the .I assica!
condit ioning paradi gm result ed in no acqu isition of a "new
conditioned response, bu t did inhib it habi tua tion of the l CR .

Data bearing on the separate a,','e!erati\e and dccele rut ivc
compo nents of the response <ub- t.mtiatc furt her the use of the
peak-t o-valley "ore. tor no con-i-ten t intc rcroup difference
were obtained when either the .I,',·dera ti,,· or dccclcrativ«

blocks. \"egalih ' scores indicate hab itua tion. and positive
scores indicate facilitation . Inspection of Fig. I reveals
that reduction of response s wan asympto tic level for Ss
in the VI group took place between the first and second
trial blocks.

Although the present findings substan tiat e the value
of the peak-to-valley score as an index of the HR
response. it is still a moot question wheth er the results
obtained were a result of systematic changes in bo th the
accelerative and decelerative components of the response
or in either of them alone. In order to evaluate this
further. all peak-to-valley scores were broken down into
their component pans. so that for each S. five "slow"
scores and five "fast" scores were obtained. one for each
trial block . An analysis of variance of "habituation
scores" obtained in this manner for Ss in the two lSI
groups indicated that differential habituation as a
function of lSI was stat istically significant only for the
total peak-to-valley score. and not for either of its
components. Each of the records was scrutinized to
determin e if the HR response was diphasic in all cases.
The results indicated that :4 Ss showed a stable
decelerarive response. 10 showed an accelerative
response. and : showed no response. There was no
relationship between wave form and stimulus intensity.

On the assumption that the differential effects
obtained between Ss in the FI and the VI groups might
haw been account ed for by a temporally conditioned
ant icipatory HR response occurring for Ss in the FI
group. the data for the 1.2 sec immediately preceding
each stimulus onset for Ss in both the FI and the VI
groups were examined . Both accelerative and
decelerative components were scrutinized . and
difference scores between the first e-sec period and the
second 6-sec period preceding onset of the stimulus were
obtained first for peak heart rates and then for valley
heart rates. Analysis of variance indicat ed th at there
were no anti cipatory heart -rate changes of an
accelerative. decelerative. or biphasic natur e for any Ss.
irrespective of experimental group.
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