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Abstrac t

Th is repo r t contains f our sections . The f i r s t  three are based upon

data collected from two groups of Cebus albifrons monkeys whose electrod erma l

responses either postponed or were punlshcd by shock . The main data from

this study has been reported previously (Tcchnieal Report No. 1, August 1, 1975).

These three sections consist of 1) a paper presented to the Psychonoinic Society

prelimi narily reporting scme of the results of the study; 2) a chapter in a book

on anxiety and stress describing the theoretical basis of the work; 3) a con tri-

bution to a recent NATO symposium providing a new interpretation of the results

and additional data . The fourth section summarizes collatoral research with

human subjects aimed at fuller comprehension of the novel conditioning technique used

with the monkeys.

The main conclusion to be drawn from this work is that the basic theoretical

idea 1i~s some pierit and should be investi~ated further. The initial work with

the moflkeys should be expa nded and replicated and the human worI~ should be tied

more closely into the monkey e f fo r t  for more effective theoretical and ultimate

practical analysis of the causes of chronic emotional stress and anxiety.

i
f
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Forward

In conducting the research described in this report , the invest igators adhered

to th e “Guide for laboratory anima l facilities and care , ” Committee on the

Guide for Laboratory Animal Resources , National Academy of Sciences, National

Research Council. The research with human subjects was approved by the Human

Research Conmittee of the University of South Florida, in accordance with

requirements of the U. S. Public Health Service, National Institute of Mental

Health.
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Stateme nt  of the Problem

The general purpose of the work si.wunarizcd in this report was to develop

and evaluate a new approach to the topic of chronic emotional arousal. An

initial report of this work was presented in a technical report (August 1, 1975).

This final report includes only a small amount of additional data from this

ini t ial  work , p lus a summary report of more recent studies using human subjects

to stud y the same problem. Since the technical report presented most of the

original data , these are summarized in the several sections below only in connection
V 

with certain theoretical points, rather than exhaustive..j repeated . In order to

V make the record of the project work complete, three papers are included which were

direct outgrow ths of the grant-supported activity . These constitute the main

bod y of this report , p lus a brief description of the more recent human research

and a final Section which sets forth future p lans ~nd prospects .  The fiVrst  section

consists of a paper presented to the Psychonomic Society in 1975, the second is a

version of the paper presented to the Association for the Advancement of Behavior

TheLapy in 1975, ~ind the third is a paper presented at a NATO oy~po~ .iun On

Dioieedback :~ii~i Behavior in 1976. The latter two papers are both currently in

press as chapters in books. As noted previ ously, a fourth section on recent re-

lated hnr~an re’~earch is included . Th5.s work is still in progress and none of its

results have previous ly been reported or published . 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ !V 1~t~~~~~~
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Psychonomic Society Paper

Comparison of Instrumental and Classical Conditioning Methods

1
for Establishing Chronic Autonomic Arousal

Kimmal , B. D., NcLeod, D. C. and Burns , R. A.

University of South Florida

The basit plan was to compare an instrumental conditioning paradign with a

classical one. The instrumental paradigm involved two differen t visual discriminative

StimUli (tonic stinruli), a Sidn~an avoidance &chedule being used in the presence of

one of these sti ’~ili and a response contingent punishment schedule being used in the

presence of the other. The classical conditioning paradigm analogously also contained

two different tonic visual stimuli, with paired tone-rhock trials being administcre~1

in the presence of one and unsignaiJed shock in the presence of the other. This

unusual classical conditi oning paradigm is a type of transswitching procedure

(Asratyan , 1965), in which the visual discriminative stimuli are analogous to

Asratyaii’s “switching agents .” We have reported previously regarding the effectiveness

of . the transswirehing design 5.n establishing human electrothrmal conditioning (KiVmme l,

Ray, and lozzino, 1974).

Subjec t s .  Four adult male Cebus albifron s mou~eys were assigned to the two

experimental conditions , two in each condition . Th ese an ima l s  were in m a t c h ed p a i r s

(one in each condi t ion)  on the  basis of unelicited skin conductance response

measure s  obtained during  a two week per iod pr ior  to the beginning of the f i r s t

J .  Paper presented at  t h e  annua l  meet in g  of the Psychonninic Society in Denver , 1975.
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experimental session. The animals had previously been habituated to the handling

and sitting in the experimental chairs over a period of two months .

Apparatus. The animal was restrained in specially designed Acrylitc primate

chair with neck , waist , and chest yok es which prevented manual contact with skin

elect rodes , etc . but which permitted the animal to remain confortahie for at least

one hour. A hole at the lower back of the chair permitted the tail to protrude

for attachment of shock electrodes . The chair also contained an attachment so that

the plantar surface was directly over another hole , through which the active

electroderrnal electrode made con tact with the plantar surface of the foot:. The

reference electrode was attached to a shaved region on the anterior surface of the

same foot, above the ankle. Both electrodermal electrodes were of the zinc-zinc

sulphate type , in teflon cups filled with saline paste. The two ECG electrodes

were employed to pick up heart rate. These were taped to shaved areas on the left

and right sides of the animal ’s chest.

In the electrodermal system, the subject ’s skin was a resistor in a constant—

voltage circuit (Venables and Christie , 1974), with an output  proportional to skin

conductance. This output was amp11f~cd by instrumentation operational amplifiers

and recorded on a Texas Instrument Recti-Riter with a paper speed of 6 in./min .

The heart rate response was amplified and recorded by a Crass Model 5 polygraph , wi th

a 5P1 preamplifier. The. primate chair containing an animal was placed inside of a

sound-attenuated chamber (34 in. wide , 46 in high and 29 in. deep) so that the

animal’s face was oriented toward and about 14 in. away from a primate press panel cap-

able of presenting visual stimuli. A speaker located behind the animal delivered

continuous white noise at 80 dB as well as delivering the phasic auditory conditioned

stimulus to the sub l ects in the classical condition (the latter was a 1,000 Hz pure

tone, 5.0 sec . in duration with an I nt e n s it y  of 80 dB.) V

___~~ VV_~~~~~ ~~~~~~~~~~~~ V • ~~~~~~~~ ~~~~~~~~~J_ V V
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All experimental events were programmed and delivered by a Data Ce~ieral Nova 2

computer except that Instrumental reinforcement contingencies were imp l emented by the

experimenter wh ile visually monitori ng the skin conductance record. That is, the

experimenter kept his finger on a microswitch and pressed the switch whenever a

criterion response was observed .

Procedure. The instrumental, condition involved six alternating segments

of AND S~ , consisting of red and green visual stimuli (balanced for subjects in

each group) presented via the primate press panel . Durations of these segments could

range from 3.0 to 5.0 minutes , with a mean of 4.0 minutes , the actual duration of any

particular segment being determined by the sum of randomly determined intertrial

intervals administered to the animals in the ClassiVcal conditi on (see below). On the

average, a session was 48 minutes in total duration , not including an initial 5-10 m m .

period for electrode polarization and equipment checking. Sixteen sessions were run , on

alternating days .

During sD a Sidman shock-shock schedule of 40 seconds was administered for the
first six sessions . This was changed for the remaining sessiV ons to shock—shock

20 seconds. The shock was 3.0 tnamps . in intensity and 0.1. sec . in duration, admin-•

istered to the animal’s tail via 7 imn stainless steel electrodes. A response shock

interval of 40 seconds began following each criterion electrodermsl response (at least

•2 micromhos).

Responses which occurred within S sees. following a shock (elicited responses)

did not result in shock postponement. During a S’~a response-contingent punishment

schedule was run using the same shock parameters and the sam e criterion response .

The animals in the Classical condition received the same schedule of visual

discriminative stimuli as was presented to the Inst:rumenta l  animals .  During

classical paired trials of a pure tone CS and the same electric shock as in the

Instrumental condition (IS1 of I~~9 seconds) were run . Inter-trial intervals ranged

V~V~ • -. ~ 
‘ •  

~ ‘, ~~ 
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from 21 to 54 second s unt i l  seven c Lassl.cal t r i a l s  per segment were run. This the

du rat ion of each visual  d i scr i m iVn a t i v e  segmen t was de te rmined  b y the sum of the ITt ’s

du ring i t .  During ?a series of unpaired shocks was administered on the sane rand om

ITt schedule.  The classical anima l thu s received 42 paired and 42 unpaired shocks

per session.

Results

Frequency of skin conduc tance response. The frequency of unelicitcd p lantar

D
skin conductance responses occurring in the presence of S and S in the instrumenta l

and classical condit ions , averaged per sti’~u1us segment over the entire sixteen days

of the experiment, is presented in Table 1. Two noticeable differences may be seen in

these data ; classical animals tended to make more responses overall and there was a

tendency for the instrumental animals to make more responses in the presence of S~ than

in the presence of S , a difference which is not present in the classical con’lition.

Analysis of variance of these data indicated that the difference between groups was

not statistically significant (F1,2 2.30) while the interaction between groups and

discriminative stimuli was highly significant (F12  72.06). It is possible that

the group affect would achieve statistical significance with a larger sample of

subjects , but this is by no means certain.

TABLE I

Frequency of SCR per stimulus segment averaged across sixteen daily sessions.

s’~ S~~ Total

Instrumental. 8.21 5.23 6.72
Classical 12.12 13.14 12.63

D A
Response frequency during S was higher in i t ia l ly  than (~~‘ . ‘.ng ~ because the f i r s t

stimulus segment on each day was an ~ogment. The change in this Shock-Shock

interva l which was introduced following the sixth day (within the second block of

— 4 V~
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D~~~~~four days) at first elimina ted the S - S dIfference , but it recovered during sub-

sequent sessions. Beginning in the ninth sessions , response f req u ency tended IV O

increase during 5D from session to session , although it never regained the level

seen in the sixth session , just prior to the reduction of the Shock-Shock interval.

The basal skin conductance level was ecasured duriVng t h e  five second period prior  to

V each shock in the Instrumental subjects and prior to each conditioned stimulus during

or unconditioned stimulus during S
L
~ for the Classical subjects . These measures

were averaged for each StimuluS segment for each animal. Table 2 shows the average

of the si~in conduc~:siice measures in inicromhos in the. lnst rument~ 1 and Classical

animals for the two discriminative stimuli , across all segments and days of the

study. As can be seen in Table 2, the Classical animals h d  substantially higher skin

conductance.  levels during both discriminative stimuli , but  showed no d i f f erence between

disc riminative s t imul i .  The instrumental animals tended to have higher skin conductance

levels during punishment (S4) than during avoidance (SD).

TABLE 2

Average skin conductance levels (micromhos) in and S~ in Ins trumental
and Classical groups

s~

Instrumental 37.90 38.60
Classical  48.49 48.51

Analysis of variance of the skin conductance measures showed that the overall

difference between the Instrumental and Classical groups did not attain significance

(F1 2  =2 .63), probably because of insufficien t between -S ~~ 
for precision. The inter-

action between Groups and Discriminative stimuli also was insignificant (F1,2~3.30),
I) ~probably for the same reason. A separate evaluation of the. S — S difference within

the Inst:run~ utal animals only, yielded an F = 23.65, hut only a single df for error

is available for this test.

-

~ 
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Figure 1 shows the average &kin conductance  levels wi thin the six segments

(averaged for both discriminative stimuli across all days) for the Instrumental

and Classical animals. As can be seen in Figure 1 , the Classical animals maintained

a high skin conductance level across all six segments , wh ile the instrumental anitrVals ’

skin conductance l evels increased systematicall.y across segments. Analysis of variance

showed that this inter~ctien of Groups and Sc~ ’ients  wa~, highl y s i g n i fic a n t  (F510 = 6 . 8 8) .

This sy s t V ~n a t iC  increase across segments ~i$ th in  days in the Inst runental aniVmals  however ,

was inf luen ced by the a l te rna t ion  of discrininative st imu l i .

V 
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Conductance levels during S~ were subs tan t ia l ly  higher than each precceding S , but were

not substantially (or even always) lower than each subsequent S . In other words, the

within day increase in skin conductance level in the Instrumental animals had the

app~arau~ e. of a step ladder wiLh th e steepest: rises occurring between pr eceeding S S

and subsequent 5D5 and very little if any rises occurring between preceding SDS and

subsequent S s.

Base]  -inc_heart ra t -c .  h eart rate was measured during the five second interval

prior to e;’ch phasic sti.~~uilus (CS or US) nrd averaged for each and S segment.

Tab 1 e 3 she.; t h e  ~~~~ 11 ric 1 e;-~rt rate 3ncasures o~ the hi s trumenta], and Class ical

groups in the prc sv~c c o~ arid 5
A
, averaged across all  Day b]VOCkS and Segments.

The fact, that the I sLr uT ~~nt : : l animals ’ heart  rates tended to be higher is evident .

The tab~ e also shic ~-:.~ that  the Instn~ment al animals lied h ig her h ear t rates during the

presence of S~ than c~~r in j~ S~~, while the reverse was tru e for the Classical animals .

Analys is  of var iau’ c rc’v:ai ed tha t this in te rac t ion  between Groups and Discr iminative

stimuli ~.as significant : (F1 2  31. 18), even with only 2 df for error .

TABLE 3

Baseline heart rate (BPII) in Ins trumental and Classical groups during sD and

sD s4

InsLren~nta l  221.5 227 .5
Classical 204.4 203.0

NUNBE fl OF SUOC T( S. It is conventional, to evaluate instrumental conditioning

e f f e c t s  in a v o ida nc e  and puni sh~:nn t p a r a d i g m  in t:ernis of observed changes in the

number of shocks a c t Vu a li ) received dur ing  the course of the experiment.  Table 4

presents  th e (iv~ ra~ e number of shocks actually administered to the Instrumental

ai i i~ :aJ ~~ Ch1 1 5D £‘ncl ~~~ i n  four blocks of four days . As is clear in Table ~~, the

n u m b e r  ef ch ,~ c’:s received darj n~ ; i :icreased across Day b locks  whi le the number of
A

~1i ocks rec ci ~‘ed dun n~ S decreased

hr ,.~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _  _ _ _ _ _  
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Average number of shocks per segment received by Instrumental animals
during SD and S4 in four blocks of fou r days

- 
DAY BLOCKS . . •  - ~~~~~~ TOTAL

1 2.18 9.17 11.35
2 5.08 3.92 9.00
3 5.50 5.00 10.50
4 7.54 2.83 10.37

Total X 5.08 5.23

Analysis of variance of these data showed that the interact:ion between

Discrit~ii~~Live stimuli and Day blocks was highl y significant (F3 3  = 112.80)

while, as is apparent in Table 4, none of the other effects was. It must be

recalled that shocks were administered during SD on a 40 sec. shock-shock interval

for the first six sessions and on a 20 sec. shock—shock interva l thereafter.

During the first block of four days , the Instrumental animals made an average of

13.27 responses per SD segment, while making an average of 9.17 responses during a

S~ segment (a total of 22.44 responses combined). During the last block of four

days, on the other hand , these subjects made an average of only 6.04 responses per

segment and 2.83 respon ses per S4 segment (a total of 8.87 responses combined).

While ach ieving this dramatic reduction in the number of responses , the average total

number of shocks these animals received reduced slightly from 11.35 to 10.37, in

spite of the fact that  the shock-shock interval during the avoidance stimulus effect-

ively doubled the num ber of poss ible shock s.

Discussion and Conclusion

The res u l t s  in d i cate clea r ly th at di f ferences in aut:on omic arousa l were

established within the Instrumental animals in re lat ion  to the discriminative s t imul i

and , also , that differences between the two groups run with different conditioning paradigms

also were present.

In the animals  run under the ins t rumental  conditioning paradigm,with SD signalling

periods in whichu unclicited skin conductance re sponses postponed electr ic sh ocks and

S
A signal I Ing pen oda in which the Same responses u(~~1V 1~ pun i shi ed wi th  el ectri c shock ,

~~~~~

. -. 
~~~~~~~ ~

‘ 
~~ 
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over 60% more responses occurred during SD than during S
4t
~ . Considering the fact that

the overall numbers of shocks received by these animals during the presence of the
V two d i sc r imina t ive  s t imul i  were approximate l y equal , this d i f ference  in response fre-

quency must be taken as strong evidence of conditioned s t imulus  control .  It is

clear from examination of the manner in which the distribution of shocks received changed

during conditioning (Table 4), along with  the fac t that  the overall number of shocks

varied little over days while the overall number of unelicited responses declined

considerably , that the animals in the Instrumental condition mus t have been selectively

reducing ~nd re-distributing the num ber of responses and , t hus , substant ia l ly  increasing

the efficiency wi th which they coped electroderma lly wi th the discriminative paradigm.

The terms “e f f i c i e ncy ” is used in th is context solely in reference to the manner in

which une l ic i t ed  skin conductance responses were employed to avoid shocks while not

exposing time animals to increased punishment. Indeed unlike the findings of Greene

and Sutor (1971) in their related study using human subjects , the present skin

conductance response frequency data from our monkeys suggest that the basic strategy was

one of reducing responding sys temat ica l l y du ring the punishment segments while hold ing

response frequency more or less in control during the avoidance segments.

Perhaps of equal significance as the finding that unelicited frequency of skin

conductance responses differed during the different discriminative stimuli within the

Instrumental group, but not within the Classical group, was the fact that baseline

h eart rates a lso  di ff ered during S~ and S~ in the Ins trumental animals but not in

th e Class ica l  an imals . In the case of the baseline heart rate measure , the Instrumental

an im al s ’ r a t  aS during 5” exceeded 5D, indicating a hi gher level of arousal during the

punishment condition than during avoidance. The importance of this result lies in the

fact that the skin conductance response was what determined instrumental reinforcement

V (i.e., por t ponement of sh ock during avoidance or admin i s t r a t ion  of shock during

pun l sii r m n t )  n~:~ 
heart rate . Nevertheless the heart r~ate measure was sensitive to whatever

arousal a f f ec ts came und er  toni.e stimul,is contVrol as a conse~uence of the differences

l’eL~ een t h e  rci u f e r c e -  n m  t ccet. i ngc’ncles assoc iated  with  [lie discriminative stimuli. 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~ • -~ ~~~~~~~~~~~~~~~~~~~~~ i: ’ ~~~~~~~
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The differences that were found between the Instrumental and Classical groups

(as discriminative stimulus differences) .ended to complement and clarify the

differential effects within groups. 
•
Skin conductance response frequently was higher

in the Classical animals than the Instrumental and basal skin conductance levels also

tended to be higher in the Classical group, although the latter effect interacted wi th

segments and reduced in the latter segments each day . On the other hand , baseline heart

rates were decidedly lower in the Classical animals than in the Instrumental ones, on

the average by more than 30 BPM.

On the basis of the sLi.mulus.~controlled and between-group differences reported

above, it appears that two major conclusions amy be stated . First, the discriminative

instrumental conditioning paradigm employed in this study (especial].y with a shock-shock

interval of 40 seconds) appears to generate differe nces in response frequency , favoring

the avoidance over the punishment conditio:m , with this difference apparently resulting

from a reduction in responding during the punishment segments more than an increase in

the avoidance segments , and with this difference resulting in increased efficiency in

overall adap tat ion  to the experimental conditions . Overall response frequency greatly

reduced while number of shocks received was unchanged or slightly reduced . The per-

centage of possible shocks avoided increased , because of the shift in the shock-shock

interval introduced during the experiment.

This adaptation to the experiiaent:al situation via electrodermnal responding

apparently was achieved at the cost of increased arousal in terms of heart rate.

Within the Instrumental group, heart rates were higher during the punishment segments

than during the avoidance. segments . However, a tendency for within-session increases

in basal skin conductance was seen largely in the avoidance segments. These effects

- were ei ther absent or negligible in t h e  Classical condition .

In the way of a gemm& ra l conclusion based upon the results of this study, it may

be stated that the c loc t r od er m a l  response systerti is qu i t e  capable  of subtle ins t rumenta l

conditioning influences , such as between the Svoi d~ nce and punishment conditions of

V _V  ‘‘~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ 
-
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th is s Ludy, and indeed , that the autonomic nervous system adjus tments , including

substant ia l  wi th in—subjec t  heart rate d i f fe rences  in avoidance and punishment of the

skin conductance response , -are at least as Cind y tuned as those found in rrnlit-ional

- 
research on classical autonomic conditioning (Kiminel and Burns, 1975). 
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Behavior Thera~~ Association Paper

The Difference Between Conditioned Tonic Anxiety and Conditioned

Phasic Fear; Imp iicatic:— s for Rd - .- 5or T :apy1

11. D. Kinznel and R . A. Burns

University of South Florida

~~otional reactiorts , whcth 2r l.c~-in ed or unlearned , vary considerably in their

du rat ion and in the extent to which they itre controlled by identif iable S t i m U l i .

At one cxtrc’:’~� there is o b j e c tiv e l y t:1~ cjLcd fear , such as [h- t: which accomnpriiies

a sudden , tal idl y 1~~in ful  Lim. ~u I~:s -. Ii ~ a 1 V ~nj~ri . ck — or wb i :h antici pates a clea z l .y

impending unp leasant  even t — like, watching a dropped v~’~e fall, to the fl oor . This type

of emotional rc’actien usually has a rapid onset and a very brief duration - the entire

a f fa i r  occup~-i. -~~ a l t o  tL ~-c~ only a f e~’ ~ccc~n ds .  At Lhc~ other extreme are aversive

emotional conditions that are ne&thcr  brief nor obviously stimulus-controlled.

Non—spec i f i c  c l inical  am- ~d.ct ’y exemp l i f i e s  this end of the continuum. Its duration

may extend to days or even weeks , and even wi th intervening periods of calm , the

separate episodes of aci’tc~ anxie ty  cf teu  may l a s t  for hours .  In the following analysis

of these d i f f e r e n t  kinds of emotional reac t ions , the te rm “pliasic ” refers to brief

reactions to sporadic brief stimuli - ~;uch as the reactions commonl y studied in

laboratory research on coivT~ h oned fea r , and “ to ir ic ” to those longer—lasting conditioas

which are either i d en t i f i~ b 1y under  the control of tonic stimulus events , such as

constant  ~~~~~~~~~~~~~~~~~~~~~~~ s t i m u l i , or do not  appea r to be governed in any way by

externa l evt-~~tS .

I . Au carl icr v -rsi on of this paper ~.‘as prepared f-or t:he ] 974 NATO Advanced Stud y
~~~~~~~ 1. u~tc which was schuedul cc! in At he ns , Cr’ec ~~ (V was unavoidably cancel I ed
The pre~~ • i (  Version ~-‘a~ ves - l i t  ~-d a~ an jnv ted Add r~~ s 1:o th~ Assori a Lion for
the M v ._ V V c .M~~~i~~ I~ oi~ l h - ~J i1’ -e~’~ v in San l~~LV~ )n , 1 ‘;ce in I)~~. ( V ~~ ;~~~) cj  19Th .
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An analogous and possibly more fundamental distinction may be made between

phasic and tonic stimulus condition s controihing any behavior. An instructive

examp le of th is d i s t i n c t ion may be f ound in the following “transswitching”

expe riment reported by the Russian phy sio log i st , Asratyan (1965). An auditory

conditioned st imulus was paired wi th electr ic  shock to a dog ’s l e f t  hind leg

during exper imenta l  sessions which were run in the morning,  but  during sessions

run in the afternoon the same auditory stimulus was paired with shock to the r i g h t

bi nd leg . Asratyan refers to thi s as a S~ fl~•~ JV C homogeneous t ransswitc b in g design ,

“s imp le ” bec~usc only a sL~g
1 c c~ ndi.tioned s~ ii .:ulus is used and “homogeneous ”

because both unconditi oned reflexes are defeiisiv~ . Needless to say the dog learns

to lift its left hind leg to the auditory conditioned stimu lus in the morning and

its righ t h ind  l c g  in the af ternoon . In other words , the motivational and beb~.vi oral

signif i c~~ cc of the cord it ic~ ed stimulus swi tches according to the time of ~y a t

which the auditory s timulus  is presented .

The auditory s t imu lus  exemp l i f i es what is mean t here by a “phasic”stimulus;

and the t o ~~i it i on ed leg l i f t ing is  likewise a phasic response. The times of day at

wh ich the ses sions a re cond ucted , i . e . ,  morning versus afternoon , represent long.4asting

tonic s t imul i , ca lled ‘ s~’itching ~~ents ” by Asraty an .  Di f fe ren t  experimenters , d i f f e r e n t

chambers , and other tonic environmental conditions have been Shown to function as switching

agents in this type of situation , in the same way as the. d i f fer e n t  times of day.

The particular transswitching experiment described above is especially cogent for

the present purpose because it also provided direct evidence of the existence of the

tonic condi tioned sta te  controlled by the swi t ch ing  agents . Af te r  the dog was trained

in th e man n cr de scr ibed , i ts  EEC showed a focus of heightened activity in the anterior

parictal r!V g i o n  of the cortex , ipsalateral  to the l ocus of the shock. In the morning,

when shock to the l e f t  leg was being used , the left parietal area sh owed th e el evat ion

in EEC a c t i v a t i o n . Ibi s conditioned toni c activation was Present throughout  t h e

c N p c r i m e n t n l  sessi.o~ , from the moment tha t  the recording equipment was attached , even
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before the first shock was administered in that session . It is important to note that

the tonic stimulus controls an ongoing state rather than a discrete response. In the

present instance the state is defined by the long-lasting elevation in EEG activity in

the appropriate cortical locus.

A more familiar examp le of the difference between phasic and tonic st imulus

control may be found in the distinction between a Pavlovi an conditioned stimulus and

a Skirinerian discriminative stimulus. As is well known , the classical conditioned

stimulus is said to be an “elicitor” of a response — a phasic response whose quanti-

tative characteristics typically are the subject under study.  The operant discrim-

inative, stimulus, the sD or ~~~~~ , on the other hand , “sets the occasion for responding”

rather than directly eliciting a response (Sidman , 1960). That: is, by signalling the

a v a i l a bi l i t y  of response-contingen t reinforcement: it identifies an occasion for change

in rate of responding . As was noted with respect to the tonic switching agent in the

transswitching situation , the operant discriminative stimulus also is a relatively long-

lasting environmental event which contro].s a toni.c stat.e of elevation in some part i cu la r

ongoing process. Although to do so would take us too far from the main topic of this

presentation , it should he noted in passing that a thorough analysis of the relationship

between ~he tonic stimuli and states of the transswitcbi..ng situation , on one hand , and

the discriminative stimuli and response rates of operant conditioning , on the other ,

would appear to be a potentially f ru i t fu l undertaking.

In the context of this distincti on between phiasic and tonic stirmili and the

corresponding phiasic and tonic behaviors they control, it is instructive to consider

the way in which American behaviorists have come to deal with the parallel concepts of

“conditioned fear” and “anxiety”. “Conditioned fear” is a term that caine into vogue *

in the heyday of Hulliam psychology , principally through the research and writing of

Hobart No,;rer (1939, 1940) and Neal Miller (1948 ,1951). “Conditioned fear” referred to

the emotional component of the reaction to a painfu l stimulus , su ch as an electri c shock , - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -



rr ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

21
!
~~

which could be conditioned in Pavlovian fashion to a previously indifferent stimulus ,

like a sound or a light. Although it conflicted with Hull’s theory , the view developed

that temporal contiguity alone , and not instrumental reinforcement via drive reduction, was

the essential factor in the acquisition of conditioned fear. 
-

Almost at the same time, that conditioned fear was first conceptualized , a re-

analysis of the traditional Freudian concept of “anxiety” in terms of the ind ividual’s

past experience with painfu l stimuli was also suggested by Nowrer (1939). Mowrer ’s

seminal paper on this subject -proposed quite directly that “all anxiety reactions are

probably learned ,” and lie based his posi t ion on a s t imulus-response t r ansla t i on of F eud ’s

trea tment o anxiety . Uere is Nowrer ’s sununary of his version of what Freud said abou t

the learning of anxiety .

“A so-~called trauristic stimulus  impinges upon the organism and
produces a more or less violent defense reaction. Furthermore , such
a st imulus-response sequence is usually pr eceded or acc ompanied by
originally “indifferent” stimuli which , however , after one or more
temporally contiguous associations wiV th the traumatic stimu lus, begin
to be perceived as “danger signals”, i.e., acquire the capacity to elicit
an anxiety reaction. This reaction consists of a state of heightened
tension and , because this tension is itself a form of d iscomfor t , it
adaptively motivates the organism to escape from the danger situation ,
thereby lessening the tension and probably decreasing the changes of
encountering the traumatic stimulus . In short, anxiety (fear) is th e
conditioned form of the pain reaction , which has the highly usefu l
function of motivating arid reinforcing behavior that tends to avoid
or prevent the recurrence, of the pain-producing (unconditioned) stimulus”
(Nowrer , 1939 , pp. 554-555 , italics in original) .

Although Mowrer was explicitly aware of the fact that Freud differentiated

between neurotic and objective anxiety (or fear) in term s of whether , a def ini te

fear-object or stimulus was involved , he explicitly decided to treat them as

essentially synonymous . Behavioristic writers have opted for synonymity of

anxiety and conditioned fear ever since (e.g., Brown , 1961; Dollard & Miller , 1950) , *

in spite of the fact that there are good reasons to question this decision. The most:

obvious of these is the fact that conditioned fear , as far as it has been studied in

the laboratory , extinguishes very rapidly when the uncondi t i on ed stimulus is removed 
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- indeed , sometimes even when the subject is simply told that no more shocks will be

used (Handel & Bridger , 1973). Whatever , “anxiety ” actually is, it is surely not so

easily dispelled , nor does its repeated elicitation in the absence of painful stimu-

lation typ i ca l ly  re s-~ L~~k ~~~~~~~ 
V • V 

t . L L L L~~~U .

Even if it were possible to overcome the problem of rapid extinction of conditioned

fear responses , there are two other types of data and argumen t which lead to the con-

clusion that th e classical fear  cond i t i on ing  model is inappropriate for the acquisition

of anxiety or for sonic of its co-lauo-cLly described clinic~i characteristics. First ,

pe ri pheral  3ut:oii c~~ic indices oi coud; tioned fear reactions are n o L  j~~r~ in ten t  even

with continued reinforcement (1~~im:~1 & Burns , 1973). And , second , ordinary c l in ica l

character izat ions of anx ie ty  appear to require longer term changes - i.e., tonic changes -

than arc seen typ ical l y in  laborat :ory coivlit Vioncd fea r reactions - these are usually

phasic. , les t ing  onl y a few 5C~~C V d S .  riiese two issues r - ~iy be at~a1y~ ed scpa ratr ’ ] y.

Research on the acqu i s i t ion  of conditioned fear almost invariably is buil t  around

a Pavlovian (classical) conditioning procedure. One of the principal reasons for this

is the p-::rsi.stcnt , aitc i r  false , be l i cf  t:l iat  ~utonomical 1y mediated behavior cannot be

modified in any other way (e.g., by instrumental conditioning) (Kimble , 1961; Skinner, 1938,

1953). Basically, the c lassical  method for fear conditioning involves the paired

presen t a t ion of an ini t i a l ly innocuous stimulus with a painful or at least unpleasant

electric shock . The condit ioned stimu lus typ ical ly comes on shortly before the un-

conditioned stimulus , and both stimuli t e rmina te  together . With human subjects , this

procedure rapidly transforms the IV fl1t~OllY indifferent c’mditioned stimu lus in to one

which is capable of eliciLin~ strong sympathetically m e d iated renct ions , such as di gi tal

vasoconstri.ction , decreased skin resistance , increased blood pressure , etc . In addi t ion H

to these more or less direct measures of the Outonomic concomitants of fear, indirect

measures of iutcrf~ rence w i t h  or augmenta t ion  of other behavi ors are. also somctimncs used

in the-description of learned fear. -
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Rather than cont inuing to build up and protractedly  maintain a tendency foL the

conditioned stimulus to evoke strong conditioned aulonomic reactions , the classical

fear conditioning procedure provides - only a brief opportunity for the impending danger

of the unconditioned stimulus to be antici pated emotionally via rapid acquisition of a

conditioned fear response. But almost as quickl y as fear is acquired , the subject

adjusts  to the uncontrollability of the shock - even though it is perfect l y p redi ctable  -

or perhaps because i t  is — and now stops reacting autonomical l y to the eoudi. t ioned

stimulus . That is , the subject -  shows l earned roanagemnent of the learned f e r  (Kinnic l , 1 9 6 3 ) .

In addition , even the vigor of the autonomic unáonditioned react ion to the shock begins to

diminish. This is certainly not the metaphor for the “expectatiVon of trauma” that

Freud (1936) thought  anxiety is - by means of which a person may “act as if th a traun~a

were already present as long as there is still time to avert it” (pp. 1.~9-l50). In

classical fear conditioning there may be time to avert the shock but the subject is

with ou t the behavioral mean s to do so. With no response available with which the shock

can be controlled , rather a different condition from anxiety comes into existence -

the subject appears to accept his or her fate and does a reasonably good job of

managing the fear or even casting it off  comp letely. The very characteristics of the

classical conditioning situation that make the acquisit ion of fear easy - the hi ghl y

predictable relationship between the conditioned stimulus and shock and the uncontroll-

abi l i ty  of the shock , also make fear management easy - and classi ca l cond iti oning i tself

hardly a basis for learning anxiety .

As has already been mentioned , before they either extinguish or otherwise disappear ,

classically conditioned fear reacti .ons , indexed by peri pheral  autonoinic nervcus system

changes , tend to last onl y a few seconds - far too short a time to be suitable as candi-

da tes for anxie ty conditions . Indeed , anxiety is much better conceptualized as a sr.au~

rather than as a phasic  reac t ion , and this is ti m e other main prob l em with the classical

fear model of anxiety . Obviously, what is needed is ~a condit:ioning model in whi ch

anxi e ty is conceptualized as an e leva t ion  in a Loni~: condit ion , as in the tr .i n ss w it ch in g
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experimcn l , or as an increase in the rate of some response , as In discriminative

operant cond i t i on ing .  If  the model uses an autono mnic index of anxiety , the trans-

switching and operant discr iminat ive V CO X
~~~

1 tioning concc’ptualizati ons become

essentially one and the same .

It was noted b r i ef ly  above tha t  one of the main reasons why onl y a classical but

not an inst rumental  condit ioning approach to the autonomnic ana lysis of anxie ty  has been

taken until now was the pervasive bel ief  that auton omic nervou s system processes are

only modifiable classically. Th is view has been with us aii~mosL cont:i n- ously fro~n Lb e

late 1920s. However , begin ning in 1958 and joined by several others seer LI ~~~

we and others hogan to dc!rou~ tra1e tha t  humans ’ autoncmic nervous sy sLe~m proces~ c-s ~.rc

capable of modification by instvum ent al  conditioning (Kirmie l , 1967). Using main ly

free.~ ope rant reward t ra in ing  of the GSR , va~;omoLor r e f l ex , hear t  r ate , 1)100(1 prc~~~t~~e ,

etc . , we have shown Lb;~ L chi unic el &~v;~L i m w s  and reductic~~: in on~~~ c’ Vi i ~~~ ; leve ls  of tin~sc

autonomic processes can be achieved and mainta inccl , with either informational  feedback

plus extrinsic reinforcemen t or simply with augmented feedback . On the basis of these

studies it is no 1o~i~~r itecessary to assume thai: only c lass ical  c-oncl~.tioning m~c th L d s

can he used to modify autonomic processes - thus we are no longer stuck with classical

fear condLJoning as a mode], for an x i e t y .

Consider the following a l te rna t ive. Suppose a person is exposed to not too

infrequent unsignal led aversive events such as h appen s to labo rator y an imals in a

Sidniamn avoidance schedule. Whether or not the person has some effective skeleta l way

to postpon e or pre ven t these aversive events (as in tim e Sidman schedule) , there wi ll  be

an e levat ion  in auten omic ac t iv i ty  - e.g., increased hear t  ra te , elevated blood pressu re ,

skin conductance , e t c . ,  and b r ie f  burs t of increase in these. Ord inar i ly,  these nian i-

fes t a t ions  of sympathetic activity are not deliberatel y made ins t rumental  b y some cosmic

experimenter , i n-:~ecd , they are alNest never i
-i tura l~~ instrumental in the sense of r e a l ly

postponing or prcvcnting any ex te rna l  cvent :s . lIow~ever , in  a na tu ra l  sett ing  involvi ng

— 

f req uen t  aversive ev ents 1 brief ~y m.pat hme t i c  1)urs ts , such as mimi .ghi t occur followirg occasional

- 
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protracted periods withou t the occurrenc e of the aversive event , are usually followed

by nothing a~orsive at all , i.e., by “apparent” postponement , a kind of “adventitious”

re inforcement , which m i g ht  be t te r  he called “magical” because it obvious ly  hu t s  no rcal

relat ionship to whet her or -m~~~~~ ~~~
‘
~ a v e ~ ~~~~~~~L~~~~~~~~~~

’ o~curs soon after it. Somet’ i~~c-s , 01

course , a sympathetic burs t may accidentally occur just before an aversive event , pro-

duc ing  an occasion of punishment. It is likely tha t many more sympathetic bursts ~-i i h l

be fo l lowed by periods of no aversive stimulation than by an aversi ve event. What

will be the aut:ouomic effect. of this hypothetical ci~gical r e i n f o r c em e n t  schedule?

If instrumental con d i t i o n i i t~; resu l t s , there wi l l  be an i n c r ea s e  in the ra~~ of

occurrence of these sympa th e t i c  burs ts  of activity — t i e  r einfo rce : cm- t bein~- , c~i e  t o

the magical “postponement” of the aversive events.  As these hurst  of sympaLhet~ic a c t i v i t y

increase in frequency eiel temporal dens~ t:y, it is lii- el y that there will be a conco:ni t an t

increase in the fru~ ucu ny of rcIv:’~ti t io t i~ rCV ~~~~ 1 .:~~~ t~,~~C O : 1t V ) e gerit 1,uni ~;h:~iei~L , i c • , a

sympathetic burst being followed closel y in the t ime  by an aversive event. The effect

of this probably will be one of potentialion - augmentation of the frequency of these

bursts . Augi-aentaiion is t:he lrc )rt likely ce~ 
‘ i. ;ue1iee of punishment of any belnivi ~r vhich

is main ta ined  by avoidance r e in fo rcemen t .

The word magical is chosen quite dcli1~~r a t e] y, hut not  only because there is no

more of a causal connectiV on between the Cutonoini.c fluctuation and the avoidance of the

aversive event than there is between the mumbling of some magical incantation and pre-

vention et some desired or feared outcome . Bebavi orist:s have shown little reluctance to

accepting the unproved idea tha t superstitiou s behavior of the verbal m eant at ’i ca t ype

may result from adventitious i n ter mi t t en t  r e info rc~-nei ~t .• and s~~~tcal maint enanc e  of

une lic it cd  symmm pathtc tic bursts requirc not much more in t h e way of faiVth , at least

not for openers.

Another reason me’ u r in g  t im e wor d “mag ical” i s  to draw attention to the relation-

ship between anxiety as a kind of modern magi .c — a- way of “wa r ch in g  o f f ”  of aversive

cv~nts witi cli probab l y weren ’ t gal ti g to happen nnyway tin t ~hi~ch did ~;onet inics in the pas t  —
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and the magic of more piimitive human beings . Of course, Freud had something to say

abou t magic as well as about anxiety - indeed , he dealt with the two of than at once in

his V - r y  earl y demons t r a t i on  of the similarities in thinking and verbalizing among

primitive he - ens , nonna i h uman c h i l d r e n , and neurotic human adults. Primitive humans

and chi l c i r eum c oammon ly display magical thought processes both in the form of animism

and “action at a distance ”, i.e., sticking pins into effigies of their enemies, etc . — but

moder n a d u l t  humans have become too sophi stic~ ted and knowl edgable about tl~& natural

world to engage in such p r i m i t i v e  superstitious practices. So instead of protecting

oneself fr ce~ d~ ngcr by in c a n ta t i o ns , god s’ eyes , or mag ic. beans , we have been reduced

in the 2 0 t h  cen tu ry to the magic of the autonornic nervous system — we protect ourselves

from danger by being anxious. l~hat  a hel l  of a note that is!

During  ti1c pa st  severa l months we have b~cn conducting laboratory research using

icoubey s as sub jec t s , in an  e f f o r t  to evaluate  some of t h e  fu r c go i n g  idea~. . Although

we are a long way from a de f in i t i ve  theory of i n s t rumen ta l  anx ie ty  as a s u b s t i t u t e

for the inadequa te  c lassical  theory , the resu l t s  we have obtained to date are promi sing

and suggestive . l-?c borrowed the basic plan of our monkey cx~criments from a study done

by Greene and Sutor , (197l),using human subjects and the unelicited GSR. In the Greene

and Snmtor stud y ,  visual d i scr ~ m i n a t ~ ve s t imul i , ho r i zon ta l ly or vc rt it a l ly  arrayed dots ,

V i den t i f i ed  peri ods of Sidmnan avoidance of unpleasant interruptions of music (~ sec . on

and ~ sec . o f f ) , from pc’~- i o d s  of r c s p o u r e - co nt i n g c ut  punishmen t , using the same aversive

st imu lus . Thus the sub jec t  c o u l d  prevent or postpone the aversive interruptions d u r i n g

the presence of one of the visual  d i sc r imina t ive  stimuli , by making GRSs (i.e., having

an elevated level of rc-spei se ra te )  , but was puni shed for the same thing when the

o the r  v i sua l  s t imu lus  wes present . Di f f er en t i at i on  b etween  the two visual stimulus

periods was obtained in t his s tud y ,  wi th a higher level of GSR response rate  occu rr ing

during avoidance titan dur ng puni shmcnt , and w i t h  t h i s  di f fer ence  increasing d u r i ng  the

Len days of training. Tic increase did not r esu]  t from reduction of response level during

p umm i shi r cu t. an much an from incicen c during avoidance . 
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We used the same strategy wi th our monkeys as Greene and Sutor had used with their

human subjects - avoidance during one visual discriminative stimulus and punisluiioimt during

the other  with the ins t rumental response being a brief increase in skin conductance

(Kimmel , McLcod and Burns , 1975). Our aversive stimulus was a shock to the monkey ’s

tail . We had six periods of 3, 4, or 5 minutes of each visual stimulus during an

experimental  session , and sixteen sessions were run al together  on alternating days.

In addition to the monkeys run in this mixed avoidance-punishment condition , we ran

other animn~ls i.n a classical transsvitching procedure that ~Vras calculated to be roughly

similar to the instrumental one. The same vi sual d i sc r iminat ive  s t imul i , or swi tching

agents , were run , and dur ing  one of th ese , c lassica l p ai r ing  of Lone and shbck was

administered , while during the other , unsignalled shock was given . In the classical

condition , a t o t a l  of /
~2 paired and 42 unpaired shocks was given each day for th~ s ixteen

sess ions .  I t  sh eu l d  be c l ea r  that in the c lassical  proced~n c  the visual  s t imulus is

tonic and the classical t crl e is phasic.

There were two different: ways to examine the effect of using unelicited bursts of

incr eased sk~ m m conductance as the in s t rumenta l  avoidance anch punishment response — we.

could look at the tonic frequency of ski n conduc tance  responses dur ing each tonic

discriminative StiV mulus, and we cou ld look at t ite. tonic skin conductance levels .

Although the classical animals made somewhat more skin conductance responses , t ime

instrumental  animals d i f f e r e n t i a t e d  between the two d i s cr iL i i r a t iv e  s timu l i  — making about

6O7~ more skin conduc tance responses during avoidance than du r i n g  p u n ish m en t .  This is

a replication of the Greene and Sutor finding. No difference in skin conductance

response f requency b etwec-~n the d i s c ri ni  nat:ive s t im u l i  ~-,as found in the c lassical.

animals. In the ins t rumenta l  anima l s , response frequency increased systematical ly

d u r ing  avoidance during the las t  eight  exp erimental sessions . These results are
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TABLE 1

Frequency of skin conductance responses per stimulus
segment averaged across sixteen daily sessions in
Instrumental  and Classical groups

S TOTAL

Instrumental  8.21 5.23 6~72
Classical 12.12 13.14 12.63

The instrumental and classical, groups also differed in tonic levels of skin

coaduc tance , measured in f i v e  second periods prior to the phm a s ic  s t imuli , wi th  the

classical  a n ir : s l s  having a somewha t hi gher level of skin conductance.  There was a

difference associated with the visual discriminative stimuli only with in  the instru-

mental group, with conductance higher  during p n i s i m er t: — i .e . ,  higher during a time

when fe~-.er nsr .~~ -c c i .f i c  responses v er e  occur r i ng.  This r c s u l t  is sho’~n in Tab le 2.

TABLE 2

Average skin conductance levels (micrortthos) in SD and
S~ in Instrumental and Classical groups

Instrumental V 37.90 38.60
• Classical 48.49 48.51

Tonic heart rate was measured during five second periods prior to the phasic

stimuli dur ing  bot h discr iminat ive s t imul i .  The instrumental animals ’ heart rates tended

to be about 25 b pm hi gher than the c lass ical  animals ’ hear t  ra tes .  In addi t ion , hear t

rates were higher during punishment  than during avoidance in the instrumental animals

there was no d i f f e r e n c e  t :ctween the discriminative s t imulus conditions in the classical

group. This wi t h i n - s u b j e c t  h ea r t  ra te  d i f fe rence  favoring the  punishment periods over

avo ida nce , summa rized in Table 3, is certainly significant when one considers that

heart  r a t e  ~~~~~~~ not t h e  in s t rum en t a l  response but  was merel y being measured during

pe r iods  of C~R avoidance  and punishmen t — per iods  in which in general time monkeys

received m ore om less t h e  same imumt ers of shocks.
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TABLE 3

Baseline heart rate (11PM) in Instrumental and
Clas sical groups during SD and S A

s~’
Ins t rumental 221.5 227.5

- Classical 204.4 203.0

The total number of shocks received by the animals remained pretty much the

same throughou t the entire experiment , the only real change being that shocks during

punishment reduced considerably while shocks during avoidance increased - all of this

taking place while the number of responses actually reduced greatly . Table 4 shows these

data. It appeared that the instrumental animals ’ coping strategy was one of reducing

and redistributing the skirt conductance responses , so that fewer occurred during

punishment periods and fewer punishment-shocks were administered . But while making

60% more skin conductance responses during avoidance, the monkeys had higher basal

skin conductances and heart rates during punishment - this is when they were maximally

aroused - anxious.

TABLE 4

Average number of shocks per segment received by
Instrumenta l animals during 5D and S in four
blocks of four days each

Day Blocks S~ Total
1 2.18 9.17 11.35
2 5.08 3.92 9.00
3 5.50 5.00 10.50

V 4 7.54 2.83 10.37

Total X 5.08 5.23

On time basis of this ini tial study of discriminative avoidance and punishment,

using an autonomic response , the skin conductance response , it would appear that we

are in a position to expand our empirical approach and slightly revise our th eore t ical

one. We did not expect hear t rate to be a better index of tonic autonomic arousal

than the response that: ac tua l ly  was instr tmmenta lized , the skin conductance response .

- 
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But that was because we did not give adequate consideration of what might be required

of the monkeys in the umixcd avoidance and punishment procedure into whi ‘:h we thrust

them . We tended to think itt terms of how a monkey wou ld achieve avoidance - but our

monkeys apparently found more latitude to adjus t  au t onomically in the punishment

periols - that is, it was easier for them to reduce the rate of electrod errnal responding

during punishment than it  was to increase it during avoidance - given that both contin-

• genc~ es existed and had to he dealt with in the same experimental s i tua t ion . In this

— respect our monkeys differed front Greene and SuLor ’s 1’:~mian subjects - they did better

during avoidance.  But , their aversive s t imulus  was hard ly comparable in aversivencss

to the shock to t:he monkey ’s tail — and this smy be why the hum-an and monkey data

differed somewhat. In any case , while man ag ing to reduce responding and thus the number

of shocks received during punishment , the monkeys acliicved th’mis a t  the cost of increased

hear t  r a tes  and ba~ al skin conduet ances  i . e . ,  increased a :ous~~i or anxiety especially

during punishment. Natu ra l ly , we are now more intrigued with the possibility that further

experimentation along these lines may actually provide empirical support for the theo-

retical s p ec ul at iV on  outlined above . At a minimum it may be concluded that d i f fer ence s

in tonic autonomi c measures resulted from d i f fe rent  experimental procechires and s t imul i

in this study .

What are the implications for behavior therapy of the possibility that anxiety

is best construed as a tonic conditioned state , established and mathtained by

avoidance rein forcement and potc n tiated by occasional contingent punishment. Well ,

for one th ing, consideration must be given to the possibility that the aver sive events

originally responsible for the development of hei ghtened arousal via avoidance rein-

forcement may s t i l l  be functioning in the objective environment. They may or may not be

associated wi th a tonic discriminative stimulus , although to some extent all of the

unchanging stimuli in a p e)Vson h s environment: can come to control tonic states at least

for certnin period s of time . Obviously , if the evcnts which l ed to th e ori ginal

acqu isition arc sti ll aclive in the environment , some way will have to be developed

4
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to remove either them o - the individual from the environment.

Assumin~ that the cnvironnmeri t is at present no more imost i l e  thamm it is for any

ordinary person , we can now attempt to deal wIth the prob lem of trying to get rid of

an instrumentally conditioned elevation in arousal - anxiety - that reinforces i tself

magically simp ly by existing . Probably the best approach would be to make it possible

for the person to obtain the same or more reinforcement for not being anxious. The problem

here is that the person receives much more discernible feedback from heightened arousal

than from a more normal autonomic condition . What migh t be needed is some k ind of

miniatu rized biofeedback device which would make it possible for the person to be

infoiir .cd when normal limits of autonomic functioning begi n to be approached. It is

po ssib le tha t this cou ld be ach ieved by providing the person ~-iith augmented feedback

of only a single tonic autonomic measure, such as heart  rate or basal skin conductance,

so that  when it begins to apprcach a level high enough to be considered inci p ien t  a n x i e t y,

a signal could be t ransmi tted to the person and some pre-arranged method for relaxation

could be employed to lower arousal to a more. acceptable level. That is, the person

would first receive thorough training in achieving 
~~~~~~~~~~~~~~~~~~~~~~ 

relaxation. Then auto-

nomnic measures would he studi ed to determine which were most likely to antedate

aversive, elevations in aut:onomic arousal (i.e., anxiety) for this individual. The assump —

tion is that different measures or patterns of measures might be appropriate for

different individuals. Then the problem becomes merely one of instrumentation. It is

possible that the feedback device would riot be used at all times, since certain normal

daily activities might be expected to lead to elevated autonomic indices which are normally

reactive and only temporary . The assumption is that systematic desensitization could

not be employed because of the inability to establish any kind of stimulus hierarchy

(Wolpe , 1958).

• One obv i o u s imp l icat ion of the current approach is that one would surely not use

puni slitnent to try to suppress anxiety - the l1kc liimoo~ is that  the anxiety would be

potentinted in rid s way . Since the model assumes that. there .ha s  alread y been an inter-

play of- av o i d a n c e  and punishmen t which has contributed to time elevated level of

1: :’1V~L 1V ~~~~~ ~~~~~~~ - - 4
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autononiic arousal in the first place, additional punishment would be just about the

last thing in the world one would want to do. It is gratifying to realize that common

practice and the present theory arc ~n agreement in this instance (Sandier & Davidson ,1973).

Otimer kinds of practical implicati ons came to mind , pertaining to prophylaxis -

prevention , more than to treatm ent. Aversive stimulation in and of itself — i.e.,

punishmen t or pain suffered via ordinary accidents duriVng childhood - should not be

expected to lead to the develomnent of anxiety in the manner outlined above, because

ordinarily this kind of aversive stimulation is more or less systematically associated

with regular stimuli. That is , punishment does tend ordinarily to be app lied consis-

tently—tha cookie jar does usually result in punishment, and the hand on the stove of

course does lead to pain. It takes atm unsystematic interplay of punishment and avoid-

ance - it  takes an inconsistent regimen , for the kind of situation I have described to

come i n t o  exis tence.  It iS interesting that Dr.  Spock came to the sam~ position from

so different a starting point (Spock , 1970). VIn any case, it would not simply be

recommended that punishment be avoided entirely - as some Skinnerians recommend .

Rather , that whatever punishment is used , be used in a systematic consistent fashion

rather tImnn wanton ly  ad~ai.nistered . When children are puni shed non—contingently -

when the punishment is correlated wi th how the parent feels from day to day rather

than keyed consistently by the child ’s behavior , that ’s when anxiety is likely to develop

in the child . Consistent punishment stay l ead to rigidity or anger - but not to chronic

anxiety . - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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NATO Syciposium Pa~c’r

Inter-Effec tor  Inf luences  In Operant Autonoinic Control

H. D. Kitmnel and R. A. Burns

- University of South Florida

Almost from time very beginning of research on operant reinforcement of

autonomically ni~diated responses , the possibility has been considered that con-

tingencies explicitly introduced in relation to a particular autonomnic response

migh t influence other autonomical ly mediated behaviors. For example, Shapiro, Cri.dcr ,

and Tursky (1964) examined skin potential levels and heart rates in conjunction with

the administration of positive reinforcement contingent upon the frequency of skin

potential responses . Timey concluded that their observed operant conditioning effect

on skin potential response frequency was independent of changes in the other auionouiie

measures.  St h s e V .~• u ~ :1y ,  Crider , Shap iro , an-3 Tursky (1966) obt~ imi~ d qu ite s5 s~ilar

r~ sui ts in a rep lica tion of their  firs l- study.  In both of these st:udies, basal skin

potential levels and heart rates actually declined during training in both exper~ n~ntal

and control gr~ups and skin potential levels tended to be slightly higher and heart

rates slightly lower (the latter increasingly so) in the group reinforced for emitting

spontaneous skin potential responses than in the control group. But these consistent

differences were not statistically significant.

Similarly, Miller and Banuazizi (1968) reported that curarized rats reinforced

with intracranial shock for either increases or decreases in heart rate or intesf:irum l

contractions showed appropriate operant conditioning effects in the reinforced response

Independent of changes in the. other. Agai n , however , a consi~~tcnt ]y  higlmcr hear t  ra te

was found in aninmal~ reinforced for in tes t inal  contrac ti cm~ ~than in those reinforced

- - - V -~~
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for iitie stiimal relaxation . lime ~Lai1stical siVgnificance of this be ai t  rate difference

was not rcpo~ ted , probably becaus : the effect did not clman~,e appreciobly across condition-

ing trials. Likewise, flamano and Niyake (1972) operantl y conditioned human skin resis-

tance responses with no ~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~ rate , and Schwartz (1972) conditioned

increased blood pressure levels and decreased heart rates conjointly and separately .

In general , the conclusion of all of these autV imor s has been that specific changes may

be brought about in a particular autonomic effector by operant reinforcenment wi thout

concomit~-nt changes occurring in other ones.

In con f l i c t  ~.‘ith this general conclusion , other studies have reported inter—

e f fec to r  influences  in operant autononmic condit ioning. Schell and Ciings (1971) reinforced

skin resistance responses using a signaled avoidance paradigm anu found signi ficantly

higher heart rates in their yoked controls  than i.n the avoidance group, in addi t ion

to the explicitly h ypothesized electrodermal differences. Gavalas (1967) presented

positive reinforcement contingent upon emitted skin resistance responses during ten

daily sessions and found higher heart rates in her yoked controls than in the rein-

forced group on eight of the ten days. The significance of this effect was not reported .

In a stud y procedurall .~ resembling the Mil ler  and Banuazizi (1968) experiment on intesti-

nal contractions and heart rate , Rinvnel and Kinmiel (l967)reinforced emitted skin resis-

tance responses in one group of subjects and digital vasoconstrictions in another,

in addi t ion I measuring both responses arid running noncontingent controls. They

found that time concomitant reinforcemen t ef fec t  on one autonomic response signifi cantly

depended upon which of the two responses was exp l icit ly reinforced . When the vaso-

motor response was reinf orced , the frequencey of both it and the skin resistance response

were higimer in the expe r ime n tal  group than in the controls. But when the skin resistance

respoie;e was explicitl y reinforced , its frequency was hi gher in th e expe r imen tals th an

in  the co n t V r o l s , but  th e frequency of emitted vasoconst r ic t  i ons was unchanged in the

experimental group mmcl increased in time controls. Kimmel and Kii ;~nel a t t r i buted this

complex ou~ come to time f a c t  t h a t  th e  in i t ia l  cmp cr~1nt rate of time skin resistance response

was a lirte~t. t w i c e  i - h a t  of t Vh p  vasc~~iotor rc~~po1ist~, r e su l t in t; in a d ven t i t i ou s  inte imi m i I t en t

_ V~~~~~~~~~ ~~_~~ •
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reinforcement of the former w~men the lat:ter was explicitly reinforced and reinforce-

ment for omiSsion of vas oimmotor responses ~;hen the skin resistance respor~se was rein-

forced . Because of time relevance of the vasomotor data obtained by Kimmnel and Kinunel

to the results and arguments presented below , they are reproduced in Figure 1.
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More recently, we have been exatu im mi l mg i nt er — e f fe c t o r  autonoi mmi c operant con-

ditioning ef ects in monkeys. Cur basic p lan was to compare an instrumental

conditioning paradigm with a classical one. The instrumental  paradigm involved two

d i f f e r e n t  visual  discrimi n~,~~~~~ ‘~~~~~~~~~~~~~~~~ - ‘ ~~~~~~~ ~~~~~~~~~~~~ u Sidman avoidance schedule

being used in the presense of one of these s t imul i  and response coi.~ ingent  punishment

schedule being used in the presence of time other.  The c lassical  condit ioning paradigm

analogou s ly a lso  conta ined  t~,o d i f f e rent tonic visual st imuli , with paired Lonc—hlI oc lz

t r i a l s  being adminis te red  in the presence of one and uns ignaled  shock in the presence

of the other .  This u iu ’nua l  classical condiVt ioning parsdi~~mn is a ~ype of trans —

switchi ng procedure (Asratyan , 1965), in which the. visual d i sc r iminat ive  stimuli ~ire

analogoua to Asratyan ’s “switchi ng agents.”

Method

Subjects. Four adult male Cebus albifrons monkeys were assigned to the two

experimental conditions , two in each condition . These animals were in matched pairs

on the basis of initial unelicited skii~ conductance response measures.

Appavatus . The anii~al ~ as resLi~iimie d in a pi - -
~.ma Le ci i:~ ’ \Vi ith a hole  at the

loiec back of the chair permitt )Vng the tai 1 to proLiV
~:~e for attachm3nt: of shock

electrodes. The chair also contaired an at tachment  so that  the active electrodermal

electrode made contact with the p lan tar  surface of the foo t .  The electr odormal

electrodes were of the zinc-zinc sulphate type , in teflon cups filled with saline paste .

l\~o e l ec t r oca rd iographic elect rodes were emp loyed to measure heart rate. These were

taped to shaved areas on the lef t  amid r ight  sides of the animal’ s chest .  The primate

chair was placed inside of a sound-attenuated chamber wi th the animal facing a panel

which pr escntc~1 visual  s t imul i .  A speaker l ocated belmitid time animal delivered continuous

whit e  uoi~;e at ~~ ‘ db as vel J~ as delivering the ph a s ic  audi tory  cou dit ion€ :d s t imulus  to

the su1 ’j ~ c L s  i n  t:iie c las s i c a l  condit ion ( the l a tt e r  wac a 1, 000 lIz pure tone , 5.0 sec . - :

in du r a t i o n  t-: i th  an int:ensi t:y of 80 db )

-— _~~~~~~~~~~~~~~~~ . V
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Procedure . T}m~ ins irumei tt a l  c o n dit i on  involved ~t lt erna h u g  segments of 5D and

S4 , consi~;t ~ ng of red and green visual s t immi l i .  Durations of these segments could range

from 3.0 to 5.0 minutes , wi th  a mean of 4.0 minutes. Sessions cv~ ragcd 48 mimmtes in

durat ion , i toh  i n c l ud in g  an m u  
~~~~~~ ~~~~~~~~ ~~~~~~~~~~ ~~~~~~~ t - ~-~~ - :t i o n . Sixi evn  sessions

were run , on altern~iting days .

During sD a Siciman shock-shock schedule of 40 seconds was administered for ti-ic

first six sessions. This was changed for Lhc remaining sessions to shock-shock 20

second s. The ~hock ~‘a~- 3.0 nialrips in in t e im s i  ty and 0.1 sec. in dur~ ion , administered

to t h e  ~n i n a l  ‘s tail. A response—shock interval  of 40 ~;econ ~~- began ~~ I c~~~~ii~ each

criterion elec-troder~tal response (a t  least 2 micromho s).

Responses wi th in  5 secs. following shock did not result in shock pos hp onL -: . l c-n t .

During S ’~ a rc:;ponsc—contingeut: punishment scimedu le  was run using the. sc~ e

cr i t e r ion  response.

The animals in the Classical  condition received the sauc schedule  of

visual disc riminative stimuli as was presented to the ins t rum enta l  animals.  During

5D cla~~ liaj pnircd tri~ 1s of a pure tone CS and shock (i~’I of 4.9 seconds) were run.

Inter-tn ;~1 in tervals  ranged f ro~ 21 to 54 seconds wi th scvii cl~:ssica1 trials per SD

segment. During the seven segments unpaired shocks were administered on ti~r~ sarT1~

~andom ITT scimedule.

Results

~~~~~ uen~ y of Skin CcTn.iuct:ance_ResQ~pse. The frequency of skin conductance responses

in the presence of SD and in the instrumental and classical conditions , averaged over

the si~ tcen sessions , is s1m o~~ in Table 1. ~~o noticeable differences r~ay be seen; 3
classical anim~ 1s tended to m ake more responses overall and there was a t e n t h -’i cy  for

the insi~~um~nLal an imals to make more rcspomwes in the presence of S~ th a n  i i i  L 1n ’

presence of . The difference between groups was not significant (F(l ,2)=2.30) but

the i n t er a c  Li on bet \V ’C(~fl groups and d i s c r i m i n a t i v e  sti em I i  was hi gu i  y signi ficant

I..,— - — -_t. V~* - - . V .- — - - - .  p - 1 _ _
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(F(l ,2)=72.06).

TABL1~ 1

Fr equemmcy of SCR per St imulus Segment Averaged
Across Sixteen Daily Sessions

Coudi i-ions
Treatments SD 

_______ ~~ Total

Instrumental 8.21 5.23 6.72
Classical 12.12 13.1.4 12,63

TABLE 2

Average Skin Conduct-once Levels (micro1r~hos) in
5D and SL~ in ins t rumental  and Classical Groups

C8nditions ~
Treatnic:ntr 

—.~~~~~~~~~~ S S

Instrumental 37.90 38.60
Classical 48.49 48.51

B asal  Skin Conductance. The. basal skin coimduct:n~cc leve l was measured dur in g  the

f ive second period p r io r  to each shock in the Instrumc:ntal  subjects  and pr ior to each

• cond itioned stimulus during 5D or uncondi tioned stimulus during S~
’ for the Classical

subjec ts. Table 2 shows the average of the skin con ductance measures in micromhos

in the In s t rumen ta l  and Classical  an imals for  the two discriminative stimuli , across

all sessions . The Classical . ani~m1s had suhst:antialiy higher skin conductance levels

but shc~- V’ed no d i f f e ren c e .  bet:ween disc r imina t ive  s t imul i .  The Instrumental  animals

tended to have hi gher ski n conductance levels during punishment (Sb) than during avoidance

(SD).

n e i th er  the overal l  d i t f er e n c e  b e t we e n  the Instrumental and Classical groups

(1’(l , 2)=2 - 63) , nor the interact i on l~e twccn Groups and Disc r imina t ive  s t imuli  (1(1 , 2)=3 .30)

were si gnU i can t . A separate evaluati on of the — S~ difference within the i n st ru —

sw nt a l  animals on l y ,  y i e l d e d  an l’~ 23.65, but oniy a sing le df for error is ovailable

fc~ th i s i-OS t
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Baseline Fleartrat- e. Heart rat-c was measured during the five second interval prior

to each phasic stimulus (CS or US) and averaged for each SD and ? segment.

Table 3 shows these measures for the Instrumental and Classical groups in the

presence of and g~ , ~~~~~
.
• 

- 
~• V~~~V V 

V~~~~~~~ - ~~~~ fact that the Instrumental

animals ’ h eart rates tended tu be higher is evident. In addition , the Instrumental

animals had higher heart rates during the presence of S~ than during SD, while the reverse

was true for the Classical animals . Anal ysis of va r ian ce revealed that this interaction

between Groups and Discrimninative stimuli was significant (P(l,2)=31.18), even wit-h

only 2 df for error.

TABLE 3

Baseline h e a r t  Rate (BPM) in Instrumental and Classical
Groups During 5D and S~

C~ ndi Lions
Treatments s

Instrumcntal 221.5 
V 
227.5

Classical 204.4 203.0

Discussion

In the Ins t rumental  animals , wi th sD sig naling available shock—postponement and S4

si gnaling punishment, some 60% more responses occurred during 5D than during S~ . Since

the overall number of shocks received during the presence of the two discriminative

stimuli were approximately equal , this dif ference in response frequency must  be taken

as persuasive evidence of operantly condi t ioned s t imulus  control of the skin conduc—

tance response. Th e  animals in the Imist - rumental condition selectively reduced and

red is t r ibu ted  ti me number of s h in  conductance responses and substantial].y increased the

efficiency with whi ch they ce~~-d e1cc hi-odcr~ y with the discriminative paradigm.

U n l i k e  time fi n d i m m g ~- of Creem 1~V and Sutor (1971) in a related study using human subjects ,

the mcn t kcy s ’ b a s i c  s t r at e gy  was one of reducing responding systemat ical ly  dur ing  
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punishment while holding response frequency steady during avoidance.

Of particular interest i~n the present con tex t  was the fact that hrart rates also

d i f f ered dur ing SD and in the Inst ru men tal anima ls hu t  not in time Classical animals.

In the case of the heart rate measu re , the Instrumental animals ’ rates during ? ex-
ceeded SD. The importance of this  resul t  lies in the fact th at ti m e skin conductance

response was what explicitly determined instrumental reinforcement , not heart rate.

l~evertheless heart rate came under t:onic stimulus control as a consequence of the

d i f f e rences between r ite e lect rodc -r tm l  reinforcement contingencies associated wi tim

the discrimi native stimuli..

The basis f o r  this he.~rt  rate difference is not issnediately apparent. Our initial

assumption was that the Instrumental monkeys ’ adaptation to the experimental situation

via e lec tr odermal  responding might have been achieved a t  the cost of increased ~ro-~ ~1

in terms of heart rate , especially during the punishment periods when an cnviru-~-~ -ntal

demand for reduced electrociermal behavior existed and when the animals did in fact

reduce responding to some 20% of their initial levels. But the heart rate effect

may also have i tself been adventitiously instrumen tally cond i t ioned rat h er than being

merely compensa tory . To e~:amine th is  p o ssi b i lit y  more clo~ eiy , we l ooked at the n-:~ :’~eyS ’

heart rates during periuth~ in~ned i a t e i y fo l lowing  sh i f t s  from the avoidance to the pun-

ishinent discriminative stimulus and vice versa , at times before any shocks occurred .

Figure 2 shom-i s t1ie~~e data  averaged 1mm b locks of four sessions .

As is shown in Figure 2, heart  ra tes  increased during the initial sessions and

subsequently declined more rapidly immucdiate].y following transitions to avoidance than

t ransi t ions  to pun ishmmi en t . Time avoidance—punish m ent -  d i f f e r e n c e  was si gnif icant ,

t=3.19, but the in terac t ion  of t-his and blocks of sessions was not .  The s t imulus—

controlled differentiation of heart r a t e s  seenis to fit cmi associat: ive hypotheses  more

p a r s imon ious ly  than a mvm-nnsociative , compensation explanation . We SIC inclined

towards this view , nna 1y~ i ng  i ts  possible  mechanism as fol lows .
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Kin~uel and Kiim~al (1967) found that the 
frequency of d$gital vasoconstricitive

responses increases when imurVlan sub jec ts  arc given positive reinforcements at times

when skin conductance respomises arc- not occurring , bu t: does not increase when reinforce—

nemits are given at times of nonoccurrence of vasoct-justrictions . These. results were

depicted in the mmon con t immg cnt : curves ~ Vfl the upper and lower sections of Figure 1.

Synder  and }3hl0 (1966) have shown th at brief episodes of cardiac decelerati on acco:apany

dig it-a l V V o c o n r t  rictions - Indeed , they instrumentall y conditioned time frequency of

ecc”rr (-ncc of v~ socous in ct-i ons and tiuultaucousl y found an i ncrc .~se in time degree

of t 1 I L S C  con~-e :~i t~cm t dc~celerati ons • To time ext unt t h at  cur  m :moakey s r - • y  have emi t ted

So: - ~-~isc:- & : ~s t ri c t iV e  r(’ i~
omr; I ” ~ n c o n j u n c t 3 cmm w t li ~k i  mm c e~~hn- tance responses and
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others independent of skin conductance responses (some 16% of Kinm~el and KiTmnel’s

bumans’operan t-level skin conductance responses were accompanied by vasoconstrictions

and 307. o - their vasoconstrictions were accompanied by skin conductance responses),

the animals way have been receiving both adventitious intermittant avoidance and punish-

mont t r a in ing  of the vasoconstniction response. Speci f i c a l l y ,  the init iV al increase in

heart rate shown in Figure 2 mnay have resulted from an initial tendency for vasocon-

strictive respcuses ( i .e . ,  card i ac decelerat ions) to b~ punished by shock dur ing  both

avoidance and pun i shment periods , reducing their ini t ial  frequency of occurrence and

consequently increasing heart  rate.  As the monkey learned to reduce the frequency of

skin condu ctance responses during pu flishment , however , vasocons trictions were less

often punished . This would account for the slight reduction of heart rate following

the second block of four sessions. During the avoidance periods , however, the shock-

shock interval was reduced from 40 to 20 seconds following the sixth session , but time

number of shocks actually received remained essentially unchanged . The animals , as

noted above, were actually avoiding more efficiently. Since some 30% of emitted vaso-

constrictions initially may have been accompanied by skin conductance responses (hcsed

or~ Ki l~~nd Kinutiel ’s data), the vasoconstriction response may have increasingly

benef i t t ed  from intermittent avoidance reinforcement duriVn g the avoidance peiiods and

more rapidly begun to increase in frequency . This would account for the more rapid and

steeper decline in heart  rate during time avoidance than in the punishment periods in

the last two blocks of fou r sessions . The tortuousness of this logic to the contrary

notwithstanding, we think it makes sufficient sense to justify its empirical evaluation

in follow-up stud y of monkeys ’ skin conductance and heart rate behavior. In every pub-

lished instance of inter—effector influence mentioned previously , in which cardiovascular

changes were found to be associated with reinforcement of come other autonomic response ,

the na ture or di rec t ion  of these changes is pred ic tab le  from the foregoing logic and data ,

alt:bough present space limitation s preclude a detailed revi ew of these cases.

In conclusion , there is reason to believe that the cu r iLn i  belief that  reinforcement-

feedback contingent upon time occurrence or mlomaoccurrc’nce of autonomically mediated

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 1
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responses influences only the explicitly determining response may he incorrect. Other

autonomic responses smay be concomitantly influenced to the ~xtent that time reinforcing

events adventitiously occur in significant tempora l relation to their prescncc or

absence. In particular , responses of the cardiovascul~.r system , such as vasoconstric-

tions or br ief  episodes of card iac acceleration or decelerat ion , themselve s being qu~ Le

susceptible of instrumental , reinforcement , are l ikely to be modified in various degrees

and fashions wh~n other autonomic responses with which they have some partial direct or

reciprocal correlation are used to determine the occurrence of the reinforcing events.

That this may be the case should not be at all surprising, given the extent to which

the autonomic nervous system functions as a complex, integrated regulator of the

entire internal environment.
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Sun-~nary of Recent Human Resea i-ch on Conditioned Tonic and Phasic Emotional Responses

in conjunction wi th the research on monkeys ’ emotional responses , a series of five

experiments have miow been don~ ub~~~ b ~~~~ ..u~sjeC tS to clarify time differences between

tonic (long lasting) and phasi.c- (brief) emotional cimamiges that can he brough t under the

control of experimental stimuli. The series of studies will be reviewed in timis sec-

tion somewhat cursori ly, but their major findings will be included . The last of these

five experiments involved the greatest degree of effori to measure several phasic and

tonic behaviors, and the results of this stud y will be described in greatest detail.

The design used in these studies is a var iant  of the t ransswitching procedure f i r s t

employed by Russian and other Eastern European investigators . This design involves

two types of experiocntal stimuli , tonic stimuli of relatively long duration and

pliasic ones th at ar e subs tan t ia l l y br ie fer. In our studies , the tonic st imuli

identify occasions dur ing  which the phasie stimuli will or will not be associated

with an aversive event , electric shock . The tonic stimuli , therefore , play somewhat

the same role as discriminative stiratmli in an operant conditioning paradigm, identi-

fying peri ods of reinforcemen t and nonreinforccment; in the present studies , however,

the reinforcement is classical pairing rather than response-contingent. The genera l

expectation , based upon the Eastern European findings , is that the tonic stimuli will

come to cont r ol the nature  of respondi ng 1-0 the phasic ones. But , in the present - 

-

research an effort was mad e to measure tonic changes as well as phasic response

differences , unl ike the bulk of the earlier studies , since our interest was primarily

in l ong-lasting differences in emotional activation .

In the first s tudy, two different geometrical  shapes served as tonic stimuli.

The shapes were presented for 4 , 5, or 6 minutes in an al ternating sequence. During

the presence of the po si t :ive  toni.c visua l s t imu lus , a 5 sec., 1,000 Hz. tone of 40 dB

was paired w i t h  a 4 stamps , shock o .  0.1 Sec . duration , wi th  an 181 of 4 .9 sec . Paired

trials we re run wi tim a mean ITI of 40 sec . Duri .ng the negat.-tvc tonic visual s t1mulu ~~,
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tone-only trials were run on the same i’ll schedule. There were 1 m m .  periods at the

beginning of each tonic st imu lus segment during which no phasic tone-shock or tone-only

trials were run. Tonic measures were obtained during these periods .

A control group was run which received the same program of tonic visual stimuli

as above but which had h a l f  of its tone--shock trials administered during the “positive”

segments and half  dur ing the “negative” segments. In other words , both experimental

and control subjects recaived the same numbers of pa ired and unpai red phasic t r i a l s ;

h owever , fo r the expe rimen tal subjec ts  th e pai r ed t r ial s occu rr ed only du ring one of

the tonic stimuli and never during the other , while for the controls the probability of

a paired or unpaired trial was the same in both tonic segments.

The phasic response measured was the skin conductance response (palmar) to the

phasic tone stimulus . These were averaged for all of the phasic trials within each

tonic stimulus segment. The tonic measures obtained during the 1 m m .  periods of no

phasic trials at the beginning of tonic segments was the frequency/mm . of unelicited

skin conductance responses. Examination of the phasic respcnses indicated that they

were s i g n i f i c a n t ly larger in magnitud e dur ing  the presence of the posit ive tonic stiu ~u lu s

than du rin g the presence of the negative t onic stimulus , but  only in t he experimental

subjects. The control subjects showed no difference in phasic responding between their

different tonic stimulus segments. Thus, the interaction of groups and tonic stimuli

was also significant. The interaction beLwecn groups and tonic stimuli was also sig-

nificant for the unelicited skin conductance responses (i.e., the tonic measures).

However , in this case , the difference favoring the positive tonic stimulus over the meg-

ativc in the experimental, group was not separately significant. In the control group the

di f fcrence wa s in the reverse direction (negative positive), which may account for the

significant Interaction . In the experimental subject:s , the tonic response difference

was l r r ~;est- in the  comparison between the las t  positive and negat ive  s timulus segmnenl:s ,

indicating that the pliasic difference was observable earlier during conditioning than

the tonic d i f f e rence .
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Because of the fac t  that the tonic s t imulus  segments d i f f e r e d  for the experimental

subjects wi th respec t: to whether or riot Nired tone-shock trials were run , they also

differed regarding whether or not shock was present’ a t  a l l  (i .e . ,  regardless  of i ts

pairing wi th the tone) - The fact that the tonic stimuli appeared to control phasic

responding to the tone, therefore , may have been due to thei r direct  associat ion wi tim

shock rather than to tone-shock pairing. In order to evaluate this possibility , a

second experiment  was conducted i-n which the  pos it iv e  tonic  s t imu lus  set the occasion

for tone-shock pairing while the negative positive stimulus marked periods in wh i ch

tones and shock s were presented unpaired . The procedural  de ta i l s  of this experiment

were otherwise i dentical with those of the first one. Likewise , the same phasic ari d

tonic dependent measures were obtained .

The S i z e  of the phas ic  responses to the tone during posi t ive tonic sega’ier mts was

significantly greater than during negative tonic stimulus segments . This indicated

that the tonic control of phasic respond ing in both studies was dependent upon tone-

shock pair ing du rin g the positive tonic stimulus and nonpairing (with or without un-

paired shocks) during the negative tonic stimulus . Hewever, the slight difference in tonic

frequency of unelicited skin conductance responses which had been observed in the first

experiment , especially in the last positive and negative segments , was absent entirely

in the second experiment. This suggests that tonic control of tonic emotional activity

may be independent of tonic control of phasic conditioned emnotional responses , or ,

at least , that the phasie difference does not require an observable toni c difference.

The third ~nd fourth experiments were run in an effort to clarify this issue.

In the third exp erinment the tonic stimuli ,  were pure tones delivered via earp hones

and differing in frequency . The phasic stimulus was visual. Its duration and the timing

parameters in the conditioning procedure were as in the first two studies , except that

the initial period , with no phasic trials , was reduced to 45 sec . The decision to

reverse the auditory and vi sual s t imul i  from tonic to phasic and vice versa was based

upon our suspicion that aud i tory tonic s t imul i  might prove to be more not iceable  t i t an
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visual ones (e.g., the subject couldn’t turn his head and accidentally m iss a change

from one to the other) . Also , the number of tonic segments was increased to six for

both the posit ive and negative tonic-stimuli , on the assumption that  be t ter  tonic

differentiation might be achieved with a greater number of alternations front one tonic

stimulus to the other. The positive tonic stimulus contained l ight-shock trials and

the negative one contained ~ig1mt-only trials, In this study, basal skin conductance

levels during the in i t i a l  trial—free p~rioJ s provided an additional tonic measure.

As in the first two studies , the size of time phasic skin conductance response was

significantly greater during the positive tonic segments than during the negative .

Neither the tonic skin conductance levels nor the tonic frequency of unel icit cd  skin

conductance responses during the initial 45 sec . periods significantly differentiated

between the two tonic stimuli , iltlmough there was some divergence in the latter measures

from the early to the later E;c~j~ent s. Because thc method of delivery of the tone (ear-

phones) may have made it difficult for the subject to notice the change in frequency

which marked tonic stimulus sh i f t s , it was decided that a fourth experiment would be

conducted using a wal l loudspeaker to deliver them.

In addition to the use of a spcal-zcr ins tead of earp hones to d e li v~ r the tonic

auditory stimuli , the fourth experimen t introduced two additional changes in method .

Instead of a l ternat ing posi t ive and negative stimulus segments , in the fou r th stud y we

decided to introduce a peri od of time out from any a u d i t o r y  st ir  dti s (1 m m .  in durat ion)

bet ween adjacent  tonic scgm~ nt s , witim the probability of positive and negative stimuli

following a time out being equal. In this way , tbe subjects would be unable  to antici pa t e

the next toni c stimulus and , aceordin;ly, more likel y to beg in reacting to it following

its onset - In addition , the first tonic stimulus segment was w i t h  the negative tonic

stimului ( i .e . ,  coutaimming light—only trials), instead of w i t h  the posi t ive tonic s t imu lus

as in thc previous experiments. This was also expeet:cd t:o facilitate tonic differentia-

tion. The actual sequence of tonic segment s  used w~~;: negative - time out — posi tivc

time out — negative — tiiu~ out — n egat i v e  — Lim~me out — po ,~ i C i v e  t ime  out — positive —
time ou t — negative . Pos~ tive and negative had the ~~~~ tueaitim-m g as in the third stud y.
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., 

~~ £ ‘ ? r  ~~~~~, :‘ ~~- ~~~~~



- - ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~---~~~~~~~~~~ 
- -

~~~~
-—

~~~
-
~~~~~

-—-—— 

The results of the fourth study replicated the consistent significant difference

in phiasic response magni tude during the p .sitive and negative tonic segments . The

frequency of unelicited skin conductance responses in the period s following segments

onsets d id  not differentiate between the positive and negative segments , other than to

show “ fo l lowing ” e f f e c ts , i . e . ,  highe r fo l lowing a r ecen t pe r iod of shocks th an following

a period of no shocks . Likewise , skin conductance levels did not differ following the

onset ’ s of the pos i t ive  and negative segments . An analysis  of time course of skin COli -

du cta nce levels du r ing the time out periods following positive and negative tonic segments

(in 10 sec . stages) was undertaken , indicatin no signi f icant  d i f fe rences . There was

so:~e tendency for skin conductance levels to decline ii~ore during time cut periods which

followed the negat ive  tonic st imulus than in those a f t e r  the positive stimulus , but this

d i f f er ence was no t significar ~i . One additional measure was e’~ami,ned , the size of the

skin conductance response elicited by segment onset (this could not be employed i-n the

previous studies because segment onsets were also segment offsets , whereas in th i s  study

segment onsets followed time outs). There was no apparent difference in responses elicited

by th e onsets of posit ive and negative tonic segments.

It was decided that the time out methodology i~ade i t  possible  to re turn to using

visual tonic stimuli. The fifth experiment , thus, employed a white square and white

circle as tonic stimuli. The phasic stimulus was a 5 sec. change in the color of the

tonic stimulus; this was achieved simply by leaving tile tonic shape on and having time

multiple stimulus projector add a red color i,t it. During the positive tonic stimulus ,

the red phasic stimulus was followed by 0.1 sec. shock. During the negative tonic

stimulus , the phasic stimulus was presented withou t shock. Time outs separated ad-

jacent tonic segments as in the previous stud y. In order to increase the amount of

training and possible different iation , each subject was run twice, on two successive

days . Day one consisted of the fol le .dng tonic sequence: negatixc — time out —
positive — time out — negative — time out - negative — tine out — positive; on day

two it ~-,‘a~;: po.~i tive — time out — nega t ive  tima out — positiv e — time out — poSi t IVC —
time out — negat ive . Six phr~ i c t~1 al s were nm during each tonic segment. ~inie ~‘ut
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was 20 sec. in duration and there were 30 sec . period s with no phasic trials at the

beginning of all t onic se.gmeimts. In addition to the skin conductance measures

previously employed , heart rate and respiration data were also collected in this study .

Analyses of phasic response differences were conducted at several different stages

of the experiment. Coznp.irison of the phasic skin conductance magnitudes on the first

three pimasic trials during tim e first positive tonic segmen t and the first three phasic

trials during the negative tonic segment iimneuiately afterward (i.e., the second neg-

ative segment) showed that there was a s igni f icant  interaction between tonic s t imul i

and trials , with phasic response magnitudes increasing during the positive tonic stimulus

(acquis i t ion)  and decreasing dur iu~ the negative toni.c stimulus (extinction). This

interaction established that there was a phasic conditioning-extinction di fference

between the first two relevant toni c stimulus segments . This phasic difference was

also significantl y present when the responses during the last positive and negative

tonic segments of the first day were compared . Similarly, a comparison of all of the

phasic responses during the positive and negative tonic stimuli of the second day also

was significant. The degree to which these phasic response differences were “purely”

under the control of the tonic stimuli during the latter part of the first day and

thereafter is best illustrated by comparing the average magnitude of the phasic response

on the last phasic trial during the last negative tonic segment of the first day with the

average magnitude of the phasic response on the first phasic trial during the immed-

iately subsequent positive tonic segment (i . e . ,  nothing but t5~mc out and the onset of

the pos i t ive  tonic stimulus had intervened - no shocks have yet occurred during the

posi tive tonic segment) . The response to the phasic stimulus was significantly Jar~~r

durin~ the last positive tonic segment than durin g the immediately preced ing negativo

one , even tho ugh the  subjects  had not received any shocks in the inter im.  This establishes

without any doubt that the tonic stimuli gained discriminative control over iespond i mig

to the phasic stimulus which occurred when one or the other tonic stimulus was present.
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Of cou rse , our princi pal in te r est was in th e manner in ;;hich the tonic s t imu l i

gain this control over phasic responding,  p a r t i c u l a r l y in  whet her any under lying tonic

behavioral  d i f f er en c e s  exis t  dur ing the presence of the d i f f e r e n t  tonic  s t i m u l i .  On

the first day , shocks were not paired wi th the ph a s i c  s t i m u l us  u n t i l  the positive

tonic stimulus was first introduced . Prior to this , during the initial negative tonic

segment , the phasic stimulus had merel y been pre sented s ix  times w~ thout shock . During

the first positive segment , six pairec! t r ia ls  occurred . This was fo l low ed b y two St ’cc—

essive segment s with the negat ive  tonic s t imulus , each c o n t a i n i n g  six nonshocked nhc~sic

trials , (with appropriate time outs between ad jacen t  tonic segm ents) ,  and , f i n a l l y ,

a second positive segment with six more paired trials, in other words , imo ~p p o r t u ~~~ty

existed for a tonic difference to be observed until the f i na l  posi t ive segment of tin-

first day began. Comparing the i n i t i a l  period s (wi thou t any phas ic  events ye t  intro-

duced) of the last two tonic segments of the first day, the fol1o~ing obscrvaticns

were made: frequency of umm elicited skin conductance responses (no difference betvecr

positive and negative segments was found), skin conductance levels (no differer~e was

found), heart rate during the period preceding the fi rst phasic stimulus (no difference

was found), respiration rate preceding the first phasic stimulus (signi ficantly hither

during the positive segment than the negative), skin conductance response elicited by

onset of tonic stimulus (no difference was found), heart rate response elicited by onset

of tonic stimulus (significantly gre~ ter and longer lasting acceleration following the

onset of the posit ive than the negative tonic stimulus). In other words , at the earl-

iest possible opportunity for tonic differences to be found , some were found . And , at

these same points in the experiment ,tonically cent-tolled phasic differences also were seen .

On the second day , the frequency of unel ic i ted  skin conductanc e responses d u r i n g

the i n i t ia l  peri ods of the pos i t ive  tonic segments was signi ficantly higher than during

corresponding periods in the negat ive  segments , the sk in  conductance  levels dur in g  t~ CSe

per i o d s  were signi f i c a n t l y hi gher in t i m e p o s i t i v e  segments than in time negative , and

time mm - ~~ni tudcs of the skin con ductance responses e l ic i ted  by segment onset were si gm~i f-

lcnntlv greater for posi t ivo timan for nega tive  segments . Indeed , these clcctrodcrn,a1
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indices of toni.c s tim u l u s  control  were not iceab le  inu mv d i a t e ly  at ti m e beginning of the

second session . The heart rate and respiration tonic differences that were seen at

th e end of th e firs t day were not signific antly present during the second d~~- .

Rank correlations were determined between tonic and phasic  d i f fe rences that

separa te ly  had been s ign i f i can t  duri ng the firs t or second day . Only one of the se

cor re l at ions  was s ignif icant , the cor relation bet ’.ieen the degree to which a sub j ec t

showed a difference between his skin conductance responses elicited by positive and

negative segment onsets and the degree to which he showed a corresponding d i ffe rence

between skin conductanc e responses elicited b y the f i r s t  phasic s t imulus presented during

the positive and negative segments . What this correlation m eans is that those individii~ 1c

whose reactions to the onsets of the tonic stimuli differentiated most between th€sn

also made reactions to the f i rs t  phasic stimulus that  r e f l ec ted  d i f f e ren t i a t ion  b etween

the positive and negative tonic segments. Thus, tonic and phasic differentiation appeared

to occur at about the same time during the experimnent and th ey occur red to s imilar

degrees in different subjects .

Although no grant-paid personne l, have worked on the tr ar msswitching experi men ts

involving human sub j ects , we now feel that there is enough evidence from these studies

support ing the conclusion that  long-lasting s h i f t s  in emotional arousal may be produced

and brough t unde r stimulus control by transswitching that a closer articulation between

the human arid monke) work is justified . Regarding the theoretical issuc of which type

of change , phasic or toni c, occurs earlier in the t ransswitching condi t ion ing  process ,

i t  now appears that  the s tandard pa r adigm r eal ly does not permit such a d i f f e r e n t i a t i o n

to be made. Both tonic and phasic differences becom e not iceable  at abou t the sm~e time

in the experiment , and the logic of the experimental plan permits no more precise

distincti on to be made . I t  is possible tha t a mod i fied t ransswi tcb ing design , w i t h  s i n g le

piiasic trials duri~ g each tonic segmen t, mi ght reveal the development of tonic changes

piior to c lea r  ph a s i c  d i f f e r e n t i a t i o n. This would be import ant  because of its relation—

sin p to  th e  tonic control  achieved in  the discriminat :i ve avoidance—puni shmemit: e~ p i r

It - sc t~~ee qui p c i s s i l l e  t h a t  a classical tr an sswitch ing  pr~ cess enables a t onic  cm (’tj onal
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change to come under the control of the discriminative stimulus , which change then

serves as a background for appropriate operan t responding or nonresponding.
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Genera l Discussion and Prospectus

The main purpose of the research done under this contract was to develop a

suitable experimental preparation for establishing elevated l evels of emotional acti-

vation which could be controlled by environmental stimuli and utilized subsequently to

evaluate predictions regarding the eti ology of opiate addiction . Because of the 1975

congressional action which removed research on drug abuse from the Department of

Defense appropriation , the drug-abuse aims of the pro jec t  could not be achieved . Thm~s ,

this discussion must be confined to the question of establishing chronic , stimulus-con-

trolled emotional arousal. Even this topic can only be addressed in a preliminary way

because of the premature terminati on of the contract.

On the basis of the one completed study involving four Cebus monkeys, the results

of which are summarized above, the most that can be said is that a promising start was

made. The fact that heart rate differences were established using an instrumental

reinforcement paradigm keyed by electrod erma l responses may be a signi f ican t indication

that the original theoretical idea was not totally misguided . That is, it may be that

instrumental avoidance-reinforcement (whether by means of explicit skin conductance

• response reinforcement or fortuitously via reinforcemen t of heart rate changes) is the

basis for the development of chronic arousal and achieving stimulus control of it.

Since only four animals were used in the study, and because the results were far from

unequivocal , i t  must be ackn owled ged that we are still at a very early stage in the dev-

elopmen t of time chronic emotional p repara t ion we were seeking. Nevertheless , justification

for continuing the e f fo r t  is considerable.

In relation to this question , the results of a larger study of the same technique ,

using 16 monkeys , sh ould  provide more de f in i t i ve  answers . Since this larger study i.s mmow

underway , there is  presentl y i-m o way to know how much more we will learn about this process

from i t .  If i t s  r e su l t s  rep l i c a t e and extend those of the initial , smaller study, it

m a ’  he tha t  more direct ronceimtrzm tion em’ ca rd iac  behavior would be appropr ia te  for

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~•j~~•~~
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future work on the problem . But, the related results in the human transswitching studies

do not compe . such a change in approach , since the tonic control over autonomic responding

shown by the tonic stimuli on the second day was primarily control of electrodermal

behavior . The hear t  rate to~~~. ~~~~~ ~t the end of the first day was not present

on the second day . Obviously, nothing definitive can be made of these findings. When

the larger monkey study has - been completed and fully analyzed , it is possible that a

more definitive evaluation of the original theoretical idea may be made and a sounder

statement of future prospects given. In the light of the rather short period of time

that was available for this project , and considering how much of that time had to be

devoted to the creation of a laboratory and researcim technology , it is not extravagent

to say that considerable success was achieved . But this is “success” only within the

limited time-frame context , not “success” with respect to the project’s real longer-

range goals. 
-
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