
CHAPTER THREE 

i.': A further examination of the anxiolytic properties of 

propranolol and atenolol in comparison to diazepam. 

EXPERIMENT FIVE 

Conditioned Suppression of Licking Behaviour: 

Effects of Diazepam, Propranolol and Atenolol 

Introduction 

Conditioned avoidance behaviour has been the primary 

tool for the experimental analysis of conditioned fear and 

anxiety. Experiments one to four of the present study used 

avoidance procedures to investigate the reduction of 

conditioned fear by RP treatment and anxiolytic drug 

compounds. Within this paradigm, conditioned fear is viewed 

as energizing behavioural activity, thus permitting the 

escape or avoidance of fear-eliciting cues. Yet, under some 

circumstances, conditioned fear has an opposite effect, that 

of suppressing and inhibiting ongoing behavioural activity. 

This latter consequence of conditioned fear was observed by 

Estes and Skinner (1941) in their now classic experimental 

procedure which is known as the conditioned emotional 

response (CER) or conditioned suppression procedure. This 

procedure was outlined in some detail in the introduction 
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of chapter two, and will only be briefly restated here: the 

subject is tra~ned to make a particular operant response for 

appetitive positive reinforcement which is normally programmed 

on an intermittent schedule of reinforcement thereby producing 

a steady baseline of operant responding. During this operant 
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conditioning procedure another procedure is introduced in 

which a Pavlovian conditioned stimulus is .presented for a 

short period and paired with a brief unconditioned aversive 

stimulus, e.g., shock, presented at CS offset. The second 

procedure represents a. Pa.vlovian. fear condi tioning procedure. 

This has the effect. of su.ppressi.ng or inhi biting operant 

responding during CS pres.entati<::m. According to Mowrer (1960) 

and others, this is due to fear being conditioned to the CS 

which in turn inhibits appetitive behaviour. The conditioned 

suppression procedure provides the opportunity to study the 

interaction between operant and Pavlovian procedures, and as 

a result is of considerable theoretical interest (for reviews 

see, Davis & Hurwitz, 1977; Rescorla & Solomon, 1967). 

Discussion of this theoretical debate is beyond the scope 

of the present study, but is reviewed by Blackman (1977), 

Davis and Hurwitz (1977) and Logan and Ferraro (1978). 

The degree of conditioned suppression has been. reported 

to be a function of the number of CS-US pairings (Estes & 

Skinner, 1941; Kamin, Brimmer & Black, 1963); CS intensity 

(Kamin, 1965); US intensity (Kamin & Brimmer, 1963); and 

the CS-US interval (Kamin, 1965). 

Comparison between conditioned suppression studies is 

made difficult because of a plethora of variations in the 

condi tioned suppres.si.on procedures employed. In summarizing 

over 100 conditioned suppression studies between 1958 and 

1978, Davis and Wright (1979) noted: 

In the majority of cases (85%), exposure to the 

CS-US pairings occurred "on-line", that is, while 

the operant reinforcement schedule remained in 

effect ••• In a minority of off-baseline cases, 

a different test chamber was used for CS-US trials. 
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Although most studies reported between 3 and 10 

sessions of CS-US exposure ••• we found a 

considerable range of. values ••• The number of 

CS-US presentations per session ••• ranged between 

1 and 60 ••• The duration of the CS ••• ranged 

from 5 sec. to 35 min. (pp. 149-150). 

One purpose of the present experiment is to examine the 

suggestion proposed by Blampied and Kirk (1983) and further 

elaborated in the general discussion of chapter two, that 

conditioned suppression might be a more appropriate procedure 

for studying some anxiolytic drug effects. Given that one 

attribute of conditioned fear is to suppress ongoing 

behavioural activity, they proposed. that this disabling effect 

. might be due primarily to the peripheral manifestations of 

fear and anxiety (e.g., tachycardia, palpitations and tremor). 

If this is the case, and if the primary site of anxiolytic 

action for the beta-blocking agents is peripheral beta-

receptor blockade, then a procedure such as conditioned 

suppression of licking behaviour, where a conditioned 

stimulus for fear and anxiety disrupts ongoing licking 

responding, should provide an appropriate behavioural baseline 

for studying the anxiolytic action of beta-blocking agents. 

Another prupose of the present experiment was to examine 

the anxiolytic action of a benzodiazepine, diazepam, and 

beta-blocking agent, propranolol, when administered in 

combination. It was proposed in the general discussion of 

chapter two that thB bBnzodiazepines and beta-blocking agents 

produced th~ir anxiolytic effects through different modes of 

action. Given this, it is possible that their administration 

in combination may produce additive, enhanced anxiolytic 

action. This view has been argued elsewhere, e.g., in an 



Editorial of the British M Journal (1976) it was 

noted: 

A practical suggestion ••• was that beta-blockers 

such as propranolol or. oxprenolol could. be combined 

with centrally acting sedatives such. as diazepam 

to treat anxious patients. (p.415). 

This view has been r terated by Shader, Good and 

Greenblatt (1976); Pitts and Al (1982) and Noyes (1982, 

1983). Despite this suggestion being proposed on several 

ocassions, only one study has inve gated the anxiolytic 
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effects of diazepam and propranolol in combination (Hallstrom, 

Treasaden, Edwards & Lader, 1981). Hallstrom et ., (1981) 

reported the combination was more effective than diazepam 

which in turn was more effective than propranolol the 

treatment of chronic anxiety in out-patients. early, 

further replication is required to confirm the po tive 

effects of diazepam and propranolol in combination. The 

sent study was designed to meet this need. 

place of the conventional lever-press operant typically 

emp yed in condition suppression procedures, this experiment 

us conditioned licking, which obviated the sometimes 

lengthy shaping and acquisition phase required to train the 

lever ress operant response. Conditioned licking offered 

advantages over the traditional Geller-Seifter conflict 

(Geller, et ., 1962) and Estes-Skinner suppression (Miczek, 

1973) procedures. that session duration was relatively 

short (30 minutes) and acquisition of a stable baseline was 

rapid (8 sessions). In terms of use as a preclinical drug 

screening test, thesa factors make it possible to screen 

relativ y e numbers of drug compounds in a short period 

of time in comparison to traditional procedures. 



Another advantage of the licking response is that 

suppression of lever-pressing has been reported to be more 

profound and extinguishes more slowly in comparison to 

suppression of licking behaviour (DeCosta & Ayres, 1971). 

Therefore, use of a licking response which results in an 

intermediate level of suppression, allows assessment of both 

increases and decreases in licking responding following drug 

administration. 

Method 

Subjects 

The subjects were 100 naive New Zealand random bred 

Wistar rats (50 male, 50 female) from the Psychology 

Department's breeding colony. The age range at the time of 

testing for the males was 169-230 days, (mean = 204 days) 
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and for the females, 150-230 days (mean = 200 days). The 

weight range at the time of testing for the males was 260-432g. 

(mean = 344g.) and foj the~females, 173-246g. (mean = 215g.). 

The maintenance schedule for the subjects waa identical to 

that of experiment one, except that subjects had ad lib. 

food access, but water access restricted to 2 hours per day 

following testing on testing days. The water deprivation 

schedule began 1 week prior to the commencement of 

experimentation to allow. habita.tion to the water deprivation. 

Apparatus 

The experimental chamber was a cube, 19x 23 x 18cm 

(W x L x H), with white-painted steel end walls, and a clear 

perspex door and back wall, and a translucent perspex 



ceiling. The floor was made, of 11 grids, spaced 1. 5cm 

apart. A 3cm diameter hole in one end wall permitted the 

protrusion of a stainless~steel drinking tube 2cm into the 

chamber. This tube was connected via, a valve to a water 

reservoir. Opening the valve permitted water to enter the 

licking tube. A second valve in the tip of the licking tube 

was operated by the rat's tongue and released small 

quantities of water during each lick. The main valve was 

operated briefly (0.3 seconds) on only 3 out of 10 licks 

(i.e., a VR 3.3 schedule). This prevented rapid satiation, 

and maintained high rates of licking through the session. 

Licks were detected by a Grason-Stadler drinkometer, 

wired between the drinking tube and the grid floor. The 

output from the drinkometer was used to operate a Grason

Stadler pulse-former, and each operation of the pulse former 

was counted as a lick. 
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Lights mounted above the ceiling provided 30 lux 

illumination at the floor. A Lafayette sonalert (Model 58025) 

produced a 2800 Hz tone, (the OS), which added 13 dB(A) to 

the 52 dB(A) background noise. The apparatus was enclosed in 

a light and sound attenuating ventilated chest. Electro

mechanical and solid state equipment counted licks, and 

controlled the presentation of the OS and water reinforcer. 

A Gerbands cumulative recorder graphed the rate of licking in 

each session. 

Pavlovian fear conditioning was conducted in the 

Lafayette A550 modular testing unit, used as the FO compartment 

in experiments two to four. The tone OS was produced by a 

Lafayette sonalert identical to the one in the licking 

chamber. The US was brief scrambled grid floor shock, 
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produced using the same equipment as described in experiment 

one. 

A 24V lightbulb positioned immediately above the ceiling 

of the FC compartment provided chamber illumination of 340 

lux. Experimental control apparatus was the same as for 

experiment one. 

Procedure 

Subjects were randomly allocated to one of ten groups 

(n = 10) with each group comprising of five males and five 

females. The groups were: diazepam 1 mg/kg (diaz-1), or 

2 mg/kg (diaz-2)j propranolol 5 mg/kg (prop-5) or 10mg/kg 

(prop-10)j atenolol 5 mg/kg (aten-5) or 10 mg/kg (aten-10); 

diazepam 1 mg/kg and propranolol 5 mg/kg in combination 

(diaz-prop); no fear conditioning saline control (NFCS); 

fear conditioning saline control (FCS); and a fear conditioning 

no treatment control (FCNT) group. Group designation and 

drug treatments are summarized in Table 3-1. 

The experimental procedure was divided into four phases: 

Phase 1: Baseline licking training 

Subjects were individually placed into the licking 

chamber and their baseline licking response rates were 

recorded for six" 30 minuteose.s.sions run on alternative days, 

that is, run on days 1, 3, 5, 7, 9 and 11 of the experiment. 

The number of licks and the number of reinforcements 

collected were recorded during each session. 

Phase 2: fuseline licking with tone presentations 

During the 7th and 8th. sessions (run on day 13 and 15 

of the experiment), the tone CS was introduced. The tone 

was presented for 1 minute, on three separate occassions per 
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Group designation and drug treatment procedure for Experiment 

five. 

Group Designation Drug se (mg/Kg) 

1 FCS Saline a (fear conditioning -
+ Saline) 

2 FCNT - (fear conditioning 
+ no treatment) 

3 NFCS Saline a (no condi tioning -
+ e) 

4 Diaz - 1 Diazepam 1 

5 Diaz-2 Diazepam 2 

6 Prop-5 Propranolol 5 

7 Prop-10 Propranolol 10 

8 Aten-5 Atenolol 5 

9 Aten-10 Atenolol 1 0 

1 0 Diaz-Prop Diazepam + 1 (Diaz.) + 
Propranolol 5 (Prop.) 

aSaline was 0.9%, 1 ml/kg volume injections 



session, commencing at the beginning of the 7th, 17th and 

27th minutes of the 30 minute session. The number of licks 

performed during the 1 minute CS presentations was recorded 

as were the licks in the minute preceeding each CS tone 

presentation. Thus, the number of CS licks, pre-CS licks, 

total licks and reinforcements co cted were recorded. 

Presentation of the tone CS~ p to fear conditioning, 

permitted assessment of the stimulus control the tone had 
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on licking and provided an opportunity for habituation to the 

tone to occur prior to fear assessm 

Phase 3: Off-baseline Pavlovian fear conditioning 

On day sixteen off-baseline Pavlovian fear conditioning 

was conducted. The procedure consisted of x CS-US pairings 

scheduled according to a V1-180 second schedule, that is, 

programmed to occur, on average, once every 3 minutes. The 

shock intensity was nominally set at 0.5mA, with a duration 

of 0.4 seconds. The CS-US interval was 4 seconds with US 

onset at CS offset. The parameters were s cted following 

ensive pilot study. The session duration was 20 minutes. 

All groups received fear condition~ng trials except NFCS 

subjects, which were placed into the FC compartment and 

exposed to six CS presentations in the absence of the. US. 

The off-baseline procedure was selB~ted following the results 

of on-baseline conditioned suppression training our 

bora tory which produced total cessation of on-go g 

appe ve responding (Dobson, personal communication). Also, 

with the off-baseline procedure, conditioned fear to. the 

contextual cues of the licking chamber should be minim ed. 

Phase 4: Suppression. of licking fear. assessment test 

On day seventeen, all subjects, except FeNT, were 
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injected with the drug and dose designated in Table 3-1 above. 

All injections were i.p. (intraperitoneal), in a volume 

of 1 ml/kg, and administered 20 minutes before the commence

ment of the licking session. The fear conditioning no treatment 

controls (FCNT) were simply c into the licking apparatus 

without injection. The CS licks, pre-GS licks, total licks 

and reinforcements collected were recorded during the licking 

session in which the tone CS was esented under the same 

conditions as prevailed during sessions 7 and 8. 

Results and Discussion 

The raw scores recorded during the cking sessions were 

treated in the following way: 

1. The CS licks and.p~e CS cks were converted to a 

suppres on ratio according to the formula developed by 

Annau and Kamin (1961). Suppression. = (B/A + B), where B 

resents the number of· CS licks and A t number of pre

CS cks. Thus, a ratio of 0.50 indicated no e ct of the 

CS on on-going behaviour, licking responding. A ratio of 

0.0 resents complete suppression of licking by CS 

delivery, and a ratio of greater than 0.50 represents 

increased cking during the CS in comparison to the preceeding 

1 minute of the session. 

2. The to number.of licks performed per session. was 

converted to a rate measure, 'yielding a licks/minute measure. 

Baseline Licking Respdnding 

For the rst sessions of the experiment licking 

responses were recorded although the tone CS was not 

introduced un the 7th session, the number of licks in the 
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designated CS and pre-CS minutes of each session was recorded 

from session 1. This enabled,computation of suppression 

ratios for the first six ses ons. In this case, the ratios 

simply represented the number of licking responses in a 

1 minute period divided by the. number of licking responses 

in a 2 minute period •. Cl y, if the licking response rate 

is approximately constant during ses ons, then the 

resulting suppression ratios should be 0.50. The means and 

standard deviations of the suppres on ratios for the first 

x sessions are presented in Table 3-2. As can be seen from 

Table 3-2, the suppression ratios were approximately 0.50, 

indicating that a relatively constant rate of licking was 

maintained throughout the sessions. By the sixth session, 

the mean suppression ratio for male. subjects was 0.509 

(range 0.433 - 0.634), and for female subjects, the mean 

was 0.499 (range = 0.430 - 0.656). 

The suppression ratio data was subjected to a three-way 

sit-plot ANOVA, (Groups x Gender x. Sessions). which revealed 

no ficant Main Effects or Interaction ects. Clearly, 

bas e within session licking was stable across groups, 

r and sessions. Given that. baseline licking was 

ent across the tr.eatment factors it seem propriate 

to use the suppression ratio as an index of suppression of 

licking ( of the CS) during session nine. Mi enson and 

Le ie (1974) and more recently Hurwitz and.Da s (1983) have 

argued t the use of a. suppression ratio analysis is 

inappropriate against a backdrop of changing within-ses on 

bas ine responding. 

The suppression ratio analysis above focused on within 

session or the r tive licking response ratio. To assess 
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Summary of the means and standard deviations of the 

suppression ratios for the first six sessions across treatment 

groups : Male data. 

Treatment 
Group 

FCS -x 

3D 

FCNT -x 

SD 

NFCS -x 

SD 

diaz-1 -x 

SD 

diaz -x 

SD 

prop-5 -x 

SD 

prop-10 -x 

SD 

aten-5 -x 

SD 

1 

0.568 

0.190 

0.562 

0.270 

0.377 

o . 111 

0.452 

0.052 

0.462 

0.093 

0.539 

0.128 

0.425 

0.095 

0.489 

0.139 

2 

0.522 

0.172 

0.568 

0.263 

0.388 

0.141 

0.458 

0.233 

0.421 

0.116 

0.508 

0.176 

0.364 

0.222 

0.488 

0.209 

Sessions 

3 4 5 6 Overall 

0.516 0.545 0.447 0.468 0.511 

0.090 0.127 0.255 0.163 0.164 

0.478 0.576 0.657 0.456 0.550 

0.143 0.206 0.255 0.122 0.209 

0.487 0.622 0.441 0.583 0.483 

0.077 0.083 o .181 0.224 0.163 

0.549 0.368 0.618 0.470 0.486 

0.120 0.260 0.219 0.088 0.183 

0.424 0.501 0.458 0.485 0.459 

0.189 0.232 0.179 0.152 0.155 

0.505 0.494 0.571 0.492 0.518 

0~250 0.086 0.069 0.047 0.134 

0.572 0.544 0.478 0.463 0.483 

0.198 0.180 0.149 0.220 0.179 

0.516 0.549 0.435 0.634 0.518 

0.074 0.086 0.132 0.209 0.151 



Table 3-2 (a) Cont. 

Trea tment 
Group 

a ten-1 0 -x 

SD 

diaz- -x 

prop SD 

Overall -x 

SD 

1 

0.420 

0.156 

0.387 

0.130 

0.473 

0.149 

2 

0.586 

0.145 

0.494 

0.110 

0.480 

0.181 
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Sessions 

3 4 5 6 Overall 

0.585 0.613 0.460 0.616 0.547 

0.157 0.227 0.196 0.082 0.171 

o .519 0.482 0.602 0.422 0.484 

0.183 0.082 0.173 0.123 0.144 

0.515 0.529 0.517 0.509 

0.150 0.170 0.189 0.157 
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TABLE 3-2 (b) 

Summary of the means and standard deviations of the 

suppression ratios for the first six sessions across treatment 

groups : Female data. 

Treatment 
Group 

FCS -x 

SD 

FCNT -x 

SD 

NFCS -x 

SD 

diaz-1 -x 

SD 

diaz-2 -x 

SD 

prop-5 -x 

SD 

prop-10 -x 

SD 

aten-5 -x 

SD 

1 2 

0.486 0.491 

0.123 0.216 

0.339 0.564 

0.304 0.217 

0.300 0.440 

0.126 0.062 

0.275 0.556 

0.216 0.070 

0.583 0.546 

0.243 0.138 

0.784 0.486 , 

0.178 0.125 

0.625 0.436 , 

0.189 0.183 

0.462 0.424 

0.088 0.207 

Sessions 

3 4 5 6 Overall 

0.396 0.401 0.581 0.472 0.471 

o .111 0.170 0.132 0.089 0.147 

0.614 0.455 0.438 0.469 0.480 

0.173 0.296 0.247 0.120 0.232 

0.549 0.494 0.591 0.507 0.480 

0.109 0.215 0.105 0.138 0.173 

0.368 0.602 0.584 0.431 0.469 

0.229 0.196 0.166 0.245 0.216 

0.578 0.507 0.624 0.503 0.557 

0.081 0.251 0.277 0.167 0.192 

0.527 0.573 0.431 0.656 0.576 

0.246 0.112 0.045 0.172 0.187 

0.638 0.447 0.555 0.495 0.532 

0.172 0.093 0.101 0.055 0.152 

0.473 0.434 0.599 0.462 0.476 

0.075 0.123 0.126 0.135 0.134 



Table 3-2 (b) Cont. 

Treatment 
Group 

aten-10 -x 

SD 

diaz- -x 

prop SD 

Overall -x 

SD 

1 

0.528 

0.303 

0.618 

0.338 

0.500 

0.256 

2 

0.521 

0.213 

0.480 

0.234 

0.494 

0.167 
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Sessions 

3 4 5 6 Overa 

0.676 0 .• 480 0.398 0.430 0.506 

0.171 0.094 0.225 0.245 0.218 

0.663 0.428 0.452 0.567 0.534 

0.155 0.138 0.089 0.396 0.245 

0.548 0.482 0.525 0.499 

0.179 0.175 0.182 0.191 



the absolute licking response rate, the number of licking 

responses/minuta measure.was computed ,and a summary of the 

means and standard deviations for t first six sessions 

across groups and gender is pres ed Tabla 3-3. 
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Examination of Table 3-3 reveals that both males and females 

increased their absolute rate of cking m session one 

to session six. Also, it appears that some subjects were 

responding at higher rates than others. se observations 

were confirmed by a three-way split-plot ANOVA, (Gro~ps x 

Gender x Sessions), which yielded si cant Groups (F(9,BO) 

= 2.21, p< .05) and Sessions (F(5,400) 15.0B, p< .001) 

Main Effects; with all other effects being non significant. 

The combined effect of the subjects habituating to the 

licking apparatus and their licking responses becoming more 

efficient and economical, was to.increase the ov 

absolute response rate to a level of approximat y 50 responses/ 

minute. This overall increase was constant for groups, 

given an absence of a Groups x Sessions Interaction. 

Explanation of the Groups effect is somewhat more di cult, 

gi ven that with random allo ca tion to groups it, ought not 

occurred. Combining male and female subjects, the FCS 

subjects performed the licking response with the ghest 

average responses/minute.across the six sessions of 59.9, 

while the prop-5 subjects had the, lowest average of'30.3 

responses/minute, with the, average rate for all groups being 

45.6 responses/minu.te. Might this group difference in 

absolute response rate reflect the differences in ages of 

the subjects at the time of testing? The prop-5 subjects 

had a mean age of 19B days at testing (responses/minute 

30.3), while the FCS subjects had a mean age of 1B7 days 
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Summary of the means and standard deviations of the ck/ 

minute measure for the first six sessions across treatment 

groups : Male data. 

Treatment 
Group 

FCS -x 

SD 

FCNT -x 

SD 

NFCS -x 

SD 

diaz-1 -x 

SD 

diaz-2 -x 

SD 

prop-5 -x 

SD 

prop-10 -x 

SD 

-a ten-5 x 

SD 

1 

54.1 

17.2 

27.7 

16.0 

69.5 

27.6 

38.7 

16.9 

13.1 

12.8 

20.6 

7.3 

38.4 

20.3 

40.2 

14.2 

2 

58.2 

13.8 

30.6 

15.8 

86.0 

16.1 

36.1 

16.5 

32.7 

10.6 

16.3 

5.8 

59.3 

29.3 

45.6 

22.7 

ssions 

3 4 5 6 Overall 

54.7 58.7 80.6 61 .4 61. 3 

27.4 29.9 39.2 39.0 28.3 

34.6 30.1 49.1 42.1 35.7 

22.1 25.3 43.9 39.6 27.7 

84.5 68.0 59.4 88.6 76.0 

29.8 21.3 10.6 15.6 22.3 

42.5 46.8 59.6 54.3 46.3 

32.0 31.1 37.9 29.6 27.3 

33.5 43.4 48.3 49.9 39.8 

23.3 37.5 37.4 38.2 27.6 

19.3 22.1 23.0 28.8 21.7 

10.4 10.7 13.0 15.5 10.7 

53.9 48.2 54.0 56.4 51. 7 

19.2 1 5.1 15.4 14.1 19. 1 

42.4 59.9 39.3 62.1 48.3 

21 .8 38.1 18.1 39.7 26.8 



Table 3-3 (a) Cont. 

Trea tment 
Group 

a ten-1 0 -x 

SD 

diaz- -x 

prop SD 

Overall -x 

SD 

1 

57.3 

18.5 

30.0 

18.0 

40.7 

21.6 

2 

45.4 

13.6 

31 .9 

19.1 

44.2 

24.6 
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Sessions 

3 4 5 6 Overall 

77.6 64.6 70.0 62.0 62.8 

33.8 16.8 22.3 18.1 22.1 

35.8 41 .7 44.3 37.4 36.8 

27.7 33.7 32.6 25.6 24.9 

47.9 48.3 52.7 54.3 

30.2 28.6 30.8 31 .0 
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Summary of the means and standard deviations of the lick/ 

minute measure for the first six sessions across treatment 

groups : Female data. 

Treatment 
Group 

FCS -x 

SD 

FCNT -x 

SD 

NFCS -x 

SD 

diaz -1 -x 

SD 

diaz-2 -x 

prop-5 -x 

prop-10 -x 

SD 

aten-5 -x 

SD 

1 2 

38.6 65.1 

13.3 33.1 

16.5 53.8 

7.8 12.4 

31 .4 45.6. 

20.7 28.4 

33.1 52.4 

25.4 30.7 

32.2 47.3 

20.9 29.7 

26.0 43.3 

28.9 34.8 

19.0 23.3 

9.3 16.7 

27.9 35.8 

1 5.1 31 .8 

Sessions 

3 4 5 6 Overall 

63.7 53.9 68.3 61.4 58.5 

35.8 31 .9 39.0 41 .5 32.3 

53.4 43.9 43.5 58.5 44.9 

17.0 13.6 1 O. 1 14.9 29.9 

50.0 35.4 47.1 51 .7 43.5 

29.1 24.0 25.6 29.3 25.2 

28.0 48.8 50.5 54.3 44.5 

13.2 24.9 31 .8 27.9 26.1 

53.6 62.2 58.7 54.4 51 .4 

27.0 32.1 30.0 31 .7 28.0 

38.1 39.5 45.5 41. 7 39.0 

32.8 34.8 42.2 39.9 33.2 

27.1 29.5 36.4 38.7 29.0 

29.2 24.7 30.1 34.1 24.2 

47.1 44.0 46.1 45.4 41 .0 

33.8 29.5 36.5 30.5 28.5 



Table 3-3 (b) Cont. 

Treatment 
Group 

aten-10 -x 

SD 

diaz- -x 

prop SD 

Overall -x 

SD 

1 

52.1 

22.8 

18.1 

14.7 

29.5 

20.5 

2 

52.2 

16.9 

26.7 

22.1 

44.6 

28.0 . 
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Sessions 

3 4 5 6 Overall 

57.7 53.8 45.3 57.2 53.1 

20.6 21 .9 21 .2 23.1 19.7 

31 .5 30.3 27.8 23.1 26.2 

25.4 16.5 18.8 10.6 17.6 

45.0 44.1 46.9 48.6 

29.3 27.0 29.7 30.4 
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(responses/minute = 59.9). Also, two groups which both had 

the same average response rate (responses/minute = 40.3) had 

a mean age at the time of testing of 160 days (FCNT subjects) 

and 213 days (prop-10 subjects). Therefore, given that 

different response rates were, obtained from subjects of 

approximately the same age and different aged subjects 

produced identical response rates, it would seem that the 

age of the subject is not an important variable in producing 

the groups effect. The between groups, difference in absolute 

responding may have resulted from the combined effects of 

firstly, the inter-subject, variability in licking rates, as 

illustrated by the relatively high standard deviations in 

Table 3-3, demonstrating considerable within group, between

subject variation in absolute licking response rates, and 

secondly, by the chance effects of some groups having a 

relatively higher proportion of poorer performers or subjects 

that satiated quickly in comparison to other groups. Apart 

from these group differences in absolute licking response 

rate, the results of baseline ILcking performance assessed 

with the suppression ratio measure showed consLderable within

session stability which was maintained across sessions. 

Tone Presentations, Fear Conditioning and Drug Treatment: 

Effects on Licking Behaviour 

To assess the effects of tone, presentations during 

sessions 7, 8 and 9 and,fear conditionLng plus drug,treatments 

interpolated between sessions 8 and 9, the licking behaviour 

over the last four sessions was examined with the supprBssion 

ratio measure. The means and standard deviations,of the 

suppression ratio are presented in Table 3-4 and the means 
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TABLE 3-4 (a). 

Summary of the means and standard deviations of the 

suppression ratios for the last four sessions across treatment 

groups : Male data. 

Treatment 
Group 

FCS -x 

SD 

FCNT -x 

SD 

NFCS -x 

SD 

dia z-1 -x 

SD 

diaz-2 -x 

SD 

prop-5 -x 

SD 

prop-10 -x 

SD 

aten-5 -x 

SD 

6 

0.468 

0.163 

0.456 

0.122 

0.583 

0.224 

0.470 

0.088 

0.485 

0.152 

0.492 

0.047 

0.463 

0.220 

0.634 

0.209 

Sessions 

7 8 9 Overall 

0.543 0.509 0.038 0.389 

0.049 0.161 0.085 0.239 

0.494 0.477 0.050 0.368 

0.217 0.251 0.108 0.254 

0.602 0.533 0.519 0.559 

0.143 0.083 0.176 0.155 

0.440 0.417 0.279 0.402 

0.163 0.076 0.275 0.173 

0.494 0.485 0.292 0.439 

0.160 0.132 0.277 0.194 

0.468 0.510 0.229 0.425 

0.142 0.101 0.187 0.167 

0.528 0.487 0.582 0.515 

0.063 0.135 0.432 0.237 

0.460 0.571 0.016 0.420 

0.211 0.117 0.031 0.288 



Table 3-4 (a) Cont. 

Treatment 
Group 

aten-10 -x 

SD 

-diaz- x 

prop SD 

Overall -x 

SD 

6 

0.616 

0.082 

0.422 

0.123 

0.509 

0.157 

7 

0.553 

0.080 

0.597 

0.229 

0.518 

0.153 

282 

Sessions 

8 9 Overall 

0.518 0.235 0.481 

0.057 0.413 0.249 

0.631 0.261 0.478 

0.019 0.221 0.218 

0.513 0.250 

0.129 0.293 
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T A BL E 3 - 4 (b) 

Summary of the means and standard deviations of the 

suppression ratios for the four sessions across treatment 

groups ! Female data. 

Treatment 
Group 

FCS -x 

SD 

FCNT -x 

SD 

NFCS -x 

SD 

diaz-1 -x 

SD 

diaz-2 -x 

SD 

prop-5 -x 

SD 

prop-10 -x 

SD 

a ten-5 -x 

SD 

6 

0.472 

0.089 

0.469 

0.120 

0.507 

0.138 

0.431 

0.245 

0.503 

0.167 

0.656 

0.172 

0.495 

0.055 

0.462 

0.135 

7 

0.409 

0.173 

0.528 

0.124 

0.345 

0.165 

0.426 

0.073 

0.532 

0.126 

0.431 

0.199 

0.386 

0.206 

0.402 

0.151 

Sessions 

8 9 Overall 

0.461 0.063 0.351 

0.060 0.081 0.200 

0.433 0.068 0.375 

0.337 0.128 0.260 

0.587 0.493 0.483 

0.083 0.141 0.153 

0.569 0.408 0.459 

0.136 0.197 0.174 

0.458 0.492 0.496 

0.208 0.162 0.157 

0.475 0.004 0.390 

0.138 0.009 0.282 

0.471 0.300 0.413 

0.062 0.211 0.161 

0.467 0.094 0.356 

0.084 0.176 0.203 



Table 3-4 (b) Cont. 

eatment 
Group 

aten-10 -x 

SD 

diaz- -x 

prop SD 

Overall -x 

SD 

6 

0.430 

0.245 

0.567 

0.396 

0.499 

0.191 

7 

0.492 

0.156 

0.310 

0.209 

0.426 

0.163 

284 

Sessions 

8 9 Overall 

0.517 0.218 0.414 

0.057 0.307 0.230 

0.511 0.283 0.418 

0.332 0.272 0.311 

0.495 0.242 

0.171 0.244 
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are graphically represented in Figure 3-1. 

As can be seen from Figure 3-1, the ratio of CS licks 

to CS and pre-CS licks remained relatively constant across 

sessions 6, 7 and 8, but decreased during session 9, with 

this decrease varying acro.ss groups. This. was confirmed by 
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a three-way split-plot ANOVA (Groups x Gender x Session) which 

yielded significant Groups (F(9,80) = 3.70, p< .001), Gender 

(F(1,80) = 4.11, p< .05) and Sessions Main Effects (F(3,240) 

= 43.48, p< .001). The existence of significant group 

differences during session nine, (F(9.80) = 5.90, p<.001), 

contributed to a significant Groups x Session Interaction 

Effect (F(27,240) = 2.28, p< .001). No other effects 

reached statistical significance. 

There was no group differences on licking performance 

assessed by the suppression ratio measure during sessions 

6, 7 and 8, (x = 0.504, SD = 0.174; x = 0.472, SD = 0.164; 

x = 0.504, SD = 0.151; respectively). While the effect of 

tone presentation during session seven was to slightly reduce 

the suppression ratio score, in comparison to session $ix, 

the reduction failed to reach statistical significance. 

However, the introduction of the tone during session seven 

significantly reduced the female suppression ratio scores 

(5(: = 0.426) in comparison. to male scores which sl.ightly 

increased from session, six (x = 0.518), (F(1,80) = 8.18, 

p< .01). This reduction. in female score was only transient, 

and during session eight. females had increased their 

suppression ratio scores. (i = 0.495) which were no different 

from male scores (x 7 0.513). This transient effect 

exhibited by the females to the introduction of a novel tone 

stimulus probably reflected female subjects greater 
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reactivity to novel, aversive stimuli (see Archer, 1975). 

This differential reactivity to novel, aversive and stressful 

stimuli shown by females and males probably contributed to 

female suppression ratio scores (x = 0.416) being significantly 

lower in comparison to male scores (x = 0.448) across the 

last four sessions. 

Any difference in suppression ratio scores between FCS 

and FCNT subjects in comparison to NFCS subjects would 

represent the effects of fear cenditioning upon ongoing 

licking behaviour during session nine. As can be seen in 

Figure 3-1, both male and female NFCS subjects' licking 

responses continued at the same rate during the tone 

presentations as in the 1 minute preceeding the presentations 

(x = 0.506, SD = 0.151). However, there was substantial 

inhibition of licking responding during tone presentations 

for both FCS (x = 0.050, SD = 0.079) and FCNT subjects 

(x = 0.059, SD ~ 0.111). Subsequent Tukey multiple 

comparison tests confirmed as significant the difference in 

licking behaviour between NFCS andFCS groups (q = 6.25, 

p < .01, for males; q = 5.58, P < .01, for females) and NFCS 

and FCNT groups (q = 6.09, p< .01, for males; q = 5.58, 

P < .01, for femal es) . Al so, there was no si gnifi can t 

difference in licking during session nine between FCS and 

FCNT subjects suggesting that the, injection procedure, per se, 

prior to session nine, had no effects on subsequent licking 

behaviour. 

If the drug treatments significantly reduced the fear 

associated with the tone CS then it is expected that the 

drug treated subjects should significantly differ in licking 

behaviour during session nine in comparison to FCS subjects. 



Tukey multiple comparison tests presented in Table 3-5 

confirmed that both male and female diaz-1, diaz-2, prop-10 

and diaz-prop subjects had significantly higher suppression 

ratios in comparison to FC3 subjects during session nine. 

Clearly, diaz-1 (x = 0.343, 3D = 0.235), diaz-2 (x = 0.392, 

3D = 0.238), prop-10 (x = 0.441, 3D = 0.353) and diaz-prop 
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(x = 0.272, 3D = 0.234) treatment groups showed the anxiolytic 

action of the drugs in disinhibiting ongoing licking 

behaviour during tone C3 presentations. In comparison, 

prop-5 (x = 0.115, 3D = 0.115) and aten-10 (x = 0.226, 

3D = 0.343) drug treatments exerted some anxiolytic effect 

but not enough to reach statistical significance. The 

aten-5 (x = 0.055, 3D = 0.126) drug treatment failed to 

produce any anxiolytic action at all, producing results 

identical to those o£ the FC3 and FCNT subjects. 

If fear to the tone C3 was completely eliminated by the 

drug treatments then the drug groups should be indistinguish

able in licking behaviour during session nine in comparison 

to those subjects that never received fear conditioning, 

the NFC3 subjects. Tukey multiple comparison tests presented 

in Table 3-5 confirmed that there was no statistical difference 

in suppression ratios between NFC3 subjects and male and 

female diaz-1, diaz-2, and prop-10 subjects and female diaz

prop subjects. Clearly, the anxiolytic e.ffect of diazepam, 

10 mg/kg propranolol was a potent one. 

The Dose-Response.Effect for Diazepam, Propranolol and 

Atenolol 

As can be seen in Table 3-4, with increasing dose level 

there is a corresponding decrease in suppression of licking 



TABLE 3-5 

Summary of Tukey multiple comparison tests between drug 

groups and FCS or NFCS subjects. 

Gender 

Males 

Comparisons 

Drug 
Groups 

diaz-1 

diaz-2 

prop-5 

prop-10 

aten-5 

aten-10 

diaz-prop 

FCS NFCS 

3.13 3.12 

3.30 2.95 

NS 3.77 

7.06 NS 

NSa 6.53 

NS 3.69 

2.90 3.35 

aNS = non-sign~ficant comparison 

ql .05 = 2.78 

q' .01 = 3.67 

Females 

FCS NFCS 

4.48 NS 

5.57 NS 

NS 6.35 

3.08 NS 

NS 5.18 

NS 3.57 

2.86 NS 

290 
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behaviour during tone CS pres tion in session nine, that 

is, as dose level increases so does the absolute value of 

the suppression ratios with 0.50 indicating no suppression of 

licking behaviour du g tone presentation. This result was 

confirmed by a three-way ANOVA (Groups x Dose x Gender) which 

revealed that licking behaviour varied across diazepam, 

propranolol and aten 01 groups, (F(2, 72) = 3 .. 81, p< .03) 

and dose level affect eking behaviour, (F(2,72) = 15.28, 

p<.001). A signi cant Groups x Gender Interaction Effect 

(F(2,72) = 3.35, p< .05) re ected that group differences in 

licking behaviour were not constant across male and female 

subjects. The erence, licking behaviour shown by the 

groups is i1 s ted gure 3-2 across dose levels for 

each group, and in the cumulative records presented in Figure 

3-3. 

Collapsed across dose levels, it can be seen that 

diazepam (i 0.262, SD = 0.246) produced the greatest 

anxio1ytic e ect followed by propranolol (x = 0.202, SD = 0.283) 

with ateno1o1 showing little anxio1ytic effect on disinhibi g 

ongoing licking behaviour (x = 0.111, SD = 0.224). 

Subs ent Tukey multiple comparison tests rev ed that there 

was a si ficant difference in licking behaviour between 

ateno and diazepam subjects (q = 4.75, p< .01), ateno1o1 

propranolol subjects (q = 2.87, p< .05), but no difference 

between propranolol and diazepam subjects. Tests of Simple 

Main Effects revea1~d that the Doae Main Effect was obtained 

from there being a significant difference licking 

behaviour across levels £or diazepam (F(2,72) 7.48, p <.002), 

and propranolol groups (F(2,72) = 9.62, p<.001). There 

was no significant difference in licking behaviour across 
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Mean suppression ratios at each dose 1 

z , propranolol and atenolol groups. 
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FIGURE 3-3 (a) Cumulative records of male (left) and female (right) FCS subjec~s licking, 

response rate during session nine. 
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FIGURE 3-3 (b) Cumula ti ve/ records of male (left) and female (right) FCNT subj ect's licking 

response rate during session nine. 
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FIGURE 3-3 (ol. Cumulative records of male (left) and female (right)NFCS subj ect's licking 

response rate during session nine. 

\ \ 

\ ' 
\ 

f I 
I 1 
I I 

i I 

, \ 

\ 
-----I 

I 

\ 
I 

\ 
I 

\ 
I 
\ 

-------~~,--------------~~~~--------------.~ 
____ ----~~-.----------------~-.---------------L----N ....0 

V'I 



FIGURE 3-3 (d) Cumulative records of male (left) and female (right) diaz-1 subjectrs licking 

n , 

j 

response rate during session nine. 
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FIGURE 3-3 (e) Cumulative records of male (left) and female (right) diaz-2 subject!s licking 

response rate during session nine. 
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FIGURE 3-3 (f) Cumulative records of male (left) and female (right) prop-5 subject·'s licking 

response rate during session nine. 
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FIGURE 3-3 (g) Cumulative records of male (left) and female ( ) prop-10 subject's li g 

response rate du g session nine. 
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FIGURE 3-3 (hJ 

Cumulative records of male (left) and female (right) aten-5 subject's licking 

response rate during session nine. 
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FIGURE 3-3 (i1 
Cumulative records of male (left) and female (right) aten-IO subject'. licking 

response rate during session nine. 
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FIGURE 3-3 (j) Cumulative records of e (Ie ) and female (right) diaz-prop subject's 

cking response rate during session e. 
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dose levels for aten treated subjects. 

Subsequent Tukey mul e comparison tests indicated 

there was a signi cant increase in licking behaviour during 

tone presentations at the 10 mg/kg dose of propranolol in 

comparison to the control dose (q 4.12, p< .01) and at 

the 10 mg/kg dose in comparison to 5 mg/kg dose of 
" 
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propranolol (q = 3.44, p<.05). r diazepam treated subjects 

there was a significant increase licking behaviour at the 

1 mg/kg (q = 3.09, p< .05) and 2 mg/kg doses (q = 3.60, p < .05) 

in comparison to the control. dose. No other comparisons 

reached statistical significance. , the dose level 

of diazepam and propranolol contributed to the anxiolytic 

action of these two drug compounds with crea g dosage 

having a greater anxiolytic effect. 

The Groups by Gender Interac.tion is shown in gure 3-4. 

There was no significant difference in licking behaviour 

between atenolol and diazepam treated male and e subjects, 

however, the propranolol males (i = 0.283, SD 0.346) licked 

the water tube significantly more 0 en during as presentations 

comparison to female subjects (i = 0.121, SD = 0.121), 

(F(1,72) = 4.31, p< .05). This difference between male and 

f e propranolol subjects primarily reflects the near 

complete inhibition of ongoing licking behaviour during tone 

esentations exhibited by the 5 mg/kg propranolol females 

(x 0.004), in comparison to only moderate inhibition of 

lick g by 5 mg/kg males. (x = 0.229). While it is not known 

why the females reacted in this way in comparison to the 

males, it is possi e. that the factors mentioned earlier in 

r tion to the overall Gender Effect, manifested themselves 

most obviou the 5 mg/kg propranolol female group of 



FIGURE 3-4 Mean suppression ratios of male and female 

subjects across diazepam, propranolol and atenolol groups. 
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subjects. Although the male licking behaviour varied across 

the diazepam (x = 0.203, SD = 0.245), propranolol (x = 0.283, 

SD = 0.346), and atenolol treatments (x = 0.096, SD = 0.248), 

this variation failed to reach statistical significance. In 

contrast to the males, there was a significant difference in 

female licking behaviour across the.diazepam (x = 0.321, 

SD = 0.239), propranolol (x = 0.121, SD = 0.180) and atenolol 

t rea t men t s (x = O. 1 25, S D = O. 206), ( F (1 ,72) = 4. 29, p < • 02) • 

Subsequent Tukey multiple comparison tests revealed 

that the overall level of licking behaviour during CS 

presentations was significantly higher for diazepam female 

subjects in comparison to both. propranolol females (q = 6.25, 

p< .01) and atenolol females (q = 6.12, p<.o1). This effect 

can be attributed to the finding that both levels of diazepam 

produced significant increases in licking behaviour in 

comparison to the control dosage, while only the 10 mg/kg 

propranolol dose increased licking and both dose levels of 

atenolol had no effect on licking in comparison to the control 

dosage. 

One feature of the licking behaviour during session nine 

is the relatively high inter-subJect variability in the 

suppression ratio. This can be seen by examining the group 

standard deviations for session nine in comparison to the 

previous sessions, which are presented in Table 3-4. This 

reflects each individual .subj ects I response to the fear 

conditioning and drug treatment procedures. It appears that 

the inter-subject variability is higher for female subjects 

in comparison to males. While some of the factors discussed 

in relation to the. Gender Effect could account for this 

variability the selected parameters for fear conditioning and 



licking could have also made a significant contribution. 

For example, the selected. duration and intensity of shock 
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used during fear conditioning were at minimal levels required 

to produce suppression of licking behaviour. 1 Also, the 

number of CS-US pairings was experimenter determined, so that 

at the end of fear conditioning, although all subjects 

experienced the same conditions, it is possible that the 

fear level associated with the CS varied across subjects. 

If this was the case, then it is possible that the functionally 

different fear levels interacted with the drug treatments 

with the resulting effect being inter-subject variability 

in licking behaviour. One way to control this source of 

variation in licking behaviour is to use a procedural 

combination of strong deprivation and strong aversive stimuli 

(Gardner, Piper & Kidd, 1981). However, this comprimise was 

considered ethically undesirable and may have also produced 

total inhibition of licking across all treatment conditions. 

Another possible explanation for the variability in licking 

during session nine, is that a. low rate of licking may be 

increased relatively more than an initially high rate of 

licking by a drug with response rate dependent effects. To 

assess this pOSSibility, it is necessary to determine if the 

drugs used in the present.experiment produced changes in 

licking response rate .•. To illustrate licking response rates, 

licking is plotted in a two dimensional coordinate system 

with the mean absolute change in licking from the control 

session (8) to the. drug session (9) during CS presentation 

1 The levels were selected following extensive pilot 

study work. 
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represented on the r -axis against the mean absolute change 

in licking from the control to the drug session during the 

pre-CS minute represented on the X -axis. Data points plotted 

at the X and Y coordinates of 0, 0, represent no change in 

both the Pre-CS and CS presentation licking from session 

eight to session nine. On the other hand, negative X -

coordinate values represent a decrease in Pre-GS licking and 

positive values an increase in Pre-CS licking. Similarly, 

negative Y - coordinate values represent a decrease in CS 

licking and positive values an increase in CS licking. Figure 

3-5 illustrates licking response rates following diazepam, 

propranolol, atenolol and diazepam-propranolol administration 

in comparison to the extent of the change in licking between 

sessions eight and nine in the absence of drug administration 

(FCS subj ects) and in the absence of both fear conditi.oning 

and drug administration (NFCS subjects). As can be seen from 

Figure 3-5, that at no dose level of any drug was there a 

substantial increase in licking during CS presentation. In 

contrast, as the dose of diazepam, propranolol and atenolol 

increased there was a decrease in licking rate in both the 

Pre-CS and CS periods of session nine in comparison to session 

eight, suggesting a dose dependent effect by these drugs on 

licking response rate. If the drugs used in the present 

experiment show a rate depen.dent effect then it might be 

expected that the.Pre~CS linking rate will be negatively 

correlated with the obtained suppression ratio, that is, the 

lower the Pre-GS licking rate the greater the disinhibition 

of licking during CS presentation. Pearson product moment 

correlations were calculated for each drug group and. all 

correlations failed to reach statistical significance. This 
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FIGURE 3-5 (b) Effects of 5 mg/kg propranolol (e), 10 mg/kg 

propranolol (*), and the treatments NFCS (+) and FCS (X) on 

licking during the CS period as a function of licking during 

the Pre-CS period. Each subject is represented by a single 

data point. 
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FIGURE 3-5 (c) Effect of 5 mg/kg atenolol (.), 10 mg/kg 

atenolol (*), the treatments NFCS (+) ~rtd FCS (X) on licking 

during the CS period as a function of licking during the 

Pre-CS period. Each subject is represented by a single 

data point. 
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FIGURE 3-5 (d) E ct of·1 mg/kg diazepam - 5 mg/kg 

proprano 1 (.) and the treatments NFCS (+) and FCS (X) 

on licking during the CS p od as a function of licking 

du g the Pre-CS period. Each subject is resented by 

a single point. 
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indicates that disinhibition of cking during CS presentation 

was not a function of licking rate in the absence of the CS, 

suggesting that the ,drugs did not exhibit rate dependent 

effects on the disinhibition of cking during CS presentation. 

General Discussion 

Millenson and Leslie (1974) s ted that the. CER procedure 

which involves the presentation of a CS that precedes an 

unavoidable aversive stimulus 0 en produces an emotional 

state that more closely resembles anxiety and fear 

than the emotional states produced by punishment and 

avoidance procedures. I do not wish to debate the merits 

or otherwise of their statement, but rather, to make the 

point that there is a considerable simi ty between the 

bition of ongoing appetitive responding by the presentation 

of a CS in the CER paradigm and the interference, disruption 

or hibition of an individual's day-to-day ac ties by 

maladaptive avoidance behaviours. This su sts that there 

is a ose analogy between the CER paradigm and cal 

anxiety and fear motivated phobic behaviours, which has lead 

many estigators to use the CER .to test drug compounds for 

their anxi ytic properties. 

One purpose of the present study was to examine the 

anxiolytic properties of propranolol and atenolol in . 

comparison to diazepam using the.CER procedure. Both 1 and 

2 mg/kg doses of diazepam, and 10 mg/kg dose of propranolol, 

and to a lesser extent, the. combination of 1 mg/kg diazepam 

and 5 mg/kg propranolol, .all produced. disinhibition of water 

licking suppression by the presentation of a tone CS 

previou y paired with an aversive stimulus. 
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Clearly, diazepam and prapranalal exhibited anxialytic 

activity, while atenalol failed to. shaw any anxialytic effects. 

Also.. the r va potency of diazepam and pro.pranolol in 

disinhibiting licking behaviour in the present experiment 

closely matches their rave anxiolytic action reported in 

human clinical drug tr 

1983). 

s ( yes & Schulz, 1983; Noyes, 

Diazepam produced a slightly greater anxiolytic effect 

in comparison to proprano 1, though the difference failed 

to reach statis significance. However, the moderately 

high mean suppres on ratio scores for 1 mg/kg (i = 0.343) and 

2 mg/kg diazepam (x 0.392) during session nine may represent 

a confounding between diazepam1s anxiolytic effect and its 

enhan c em en t 

beha viour. 

ct on ongoing consummatory water licking 

There are two stinct motivational processes involved 

in t procedure. Firstly. the water deprivation schedule 

each subject is maintained on provides the motivational basis 

which initiates and maintains ongoing consumatory water 

licking. Secondly, Pavlovian fear conditioning praduced the 

mo vational processes associated with fear and anxiety 

towards the tone CS. Thus, the CER procedure involves the 

interactian between appetitive and aversive motivational 

processes. Conceivably, changes in either or both of these 

pracesses cauld influence the degree of suppressian of water 

licking during CS presentations. 

The steady, stable baseline rate af re anding achieved 

the present experiment suggests tha.t very ttle, if any, 

va tian in the appeti tiva motivational process. took place 

during baseline. However administra on of benzadiazepines 
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are known to increase consumatory cking (Boisser, et al., 

1976; Hanson & stone, 1964). It is therefore possible that 

the disinhibition of suppressed water licking behaviour by 

diazepam aould result from diazepam's enhancement effect on 

consumatory responding as w as its anxiolytic action. 

Unfortunately, the r ve contribution of each effect to 

the overall dishinibition of licking is not known because 

the necessary control group was not run. That is, a group 

administered diazepam in the absence of prior fear conditioning. 

However, an cation of the baseline rate of responding 

can be obtained from an analysis of the number of licks/ 

minute before and after diazepam administration. If diazepam 

enhanced licking then the licks/minute measure should show 

an increase following diazepam treatment (session nine) 

comparison to responding before diazepam administration 

(session ght). For diaz-1 subjects the mean number of 

licks/minute during session eight (x = 58.65) was indis guish

able from the mean number during session nine (x = 58.97). 

Clea y, this result suggests that at the 1 mg/kg dose, 

diazepam did not enhance water consumption. For diaz-2 

subjects the mean number of licks/minute during ses on ght 

(x = 59.45) was substantially higher than the mean number 

du g session nine (x = 34.95). This finding suggests 

rather than an enhancement of licking responding there was 

a decrease in the overall rate of licking following 

adm stration of 2 mg/kg diazBpam. This result ght 

re ect the sedative actions of diazepam at hi concentra~ 

ons. Overall, this analysis suggests that zepam failed 

to enhance consumatory licking behaviour, per se, but rather, 

it was diazepam's anxiolytic action that m ted the 



the disinhibition of licking responding. 

Another purpose of the present experiment was to 

examine the proposition by Blampied and Kirk (1983) that 

inhibition of ongoing appetitive operant responding might 

be primarily the result of the peripheral manifestations of 

fear and anxiety. Hence, the CER procedure should provide 
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an appropriate behavioural measure for studying the anxiolytic 

properties of beta-blockers. The lack of an anxiolytic 

effect for the atenolol and 5 mg/kg propranolol subjects 

suggests that alleviation of the peripheral manifestations 

of fear and anxiety was insufficient to release suppressed 

water licking. Given that the site of anxiolytic action for 

atenolol is peripheral beta-blockade, as atenolol has 

difficulty in passing the blood-brain barrier therefore 

probably only reaching clinically ineffective central 

concentrations, the results of the present experiment indicate 

that it is primarily the central effects in combination with 

the peripheral effects of the drug compounds that produced 

significant disinhibition of suppressed licking behaviour. 

Atenolol at 10 mg/kg did produce partial alleviation of 

suppressed water licking (i = 0.226)~ but the effect was 

not great enough to reach statistical significance from the 

control dose. However, it is suggestive that alleviation of 

the peripheral manifestations of fear and anxiety did reduce 

the level of fear associated with CS presentations during 

session nine. 

In the general discussion of chapter two it was 

suggested that a low doses propranolol's anxiolytic action 

is primarily peripheral beta-blockade, however, as the dose 

level, concentration, increases there is a corresponding 
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increase in the centrally mediated influences of propranolol, 

resulting in both peripheral and central sites of anxiolytic 

action. The results of the present experiment are compatible 

with this analysis as can be seen in Figure 3-3. Propranolol 

at 5 mg/kg failed to show an anxiolytic effect, but at 

double that dose an anxiolytic effect was apparent. At 

10 mg/kg propranolol's effect on disinhibiting suppressed 

water licking, as indexed by the suppression ratio measure, 

was slightly greater (x = 0.441) than the effect achieved 

with 2 mg/kg diazepam (x = 0.392). This result suggests 

that the alleviation of both the central and peripheral 

manifestations of fear and.anxiety produces a maximal 

anxiolytic effect in comparison to alleviation of either 

primarily the central (diazepam) or peripheral (atenolol) 

manifestations. 

Diazepam (1 mg/kg) and propranolol (5 mg/kg) administered 

in combination showed an anxiolytic effect in disinhibiting 

licking behaviour. However, the effect was not as 

substantial as expected. It was anticipated that diazepam's 

anxiolytic action would be centrally mediated while 

propranolol's anxiolytic action would be peripherally 

mediated. In combination, through their distinct mechanisms 

of action, their anxiolytic effects would be additive and 

more effective than corresponding dosages separately 

administered. The mean suppression ratiD score for diaz-prop 

subjects (x = 0.272) was significantly higher in comparison 

to prop 5 subjects (x = 0.155), but only for the females 

(q = 3.62, p<.05), and slightly lower in comparison to 

diaz-1 subjects (X = 0.343). This finding indicates only 

partial support for the expected additive anxiolytic effects 



of administering diazepam and propranolol in combination. 

However, it is clear that the lower doses of diazepam and 

propranolol, when administered separately, produce less 

anxiolytic effect in comparison to their respective high 
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dose levels. This suggests that replication of the present 

experiment using higher doses for the diazepam - propranolol 

combination would produce an enhanced, additive anxiolytic 

effect. Again, the results of the diazepam - propranolol 

combination suggest that the release of suppressed ongoing 

water licking behaviour was primarily mediated via the. 

alleviation of the central manifestations of fear and anxiety 

brought about by the central actions of diazepam and 

propranolol. The alleviation of the peripheral manifestations 

played a secondary role. 

In summary, the results of the present experiment 

confirmed that both diazepam and propranolol can release 

suppressed water licking behaviour when administered 

separately or in combination. Such an effect is known to 

reflect the anxiolytic properties of drug compounds. The 

anxiolytic effect increased with increased dose levels of 

each drug. This indicates that the water licking, as 

measured by the suppression ratio index, was a sensitive fear 

assessment measure, in.a dose-dependent fashion, and the 

relative potency of diazepam. and propranolol on water licking 

positively correlated with their relative potency in the 

treatment of human fear motivated neurotic behaviours. 

The results of the present experiment suggested that 

the central influences of diazepam and an interaction between 

the central and peripheral ,influences of propranolol mediated 

the anxiolytic properties of these drug compounds. This 
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result is compatible with the proposed mechanism of anxiolytic 

action for the benzodiazepines and beta-blockers outlined 

in chapter two. 



Signal detection performance: A baseline to mea.su.re 

the psychopharmacological propertiea of diazepam, 

propranolol and atenolol. 

Introduction 

Experiments one to five of the present study focused on 

procedures developed from the avoidance learn g tradition 

to assess the effects of condi oned fear and an ety. This 

chapter details the development of a discr e-trials 

concurrent schedule procedure, drawn from the experimental 
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analysis of behaviour tradition, and its use asses g the 

effects of drug action upon responding. Analysis of the 

subject!s performance is made by the use of dices derived 

from gnal detection theory, a model widely used 

psychophysics (Green & Swets, 1966). 

Matching Behaviour 

The experimental analysis of behaviour tradi on sought 

to establish an empirical foundation, whereby functional 

r ons between events and situations in the environment 

have been examined to develop quantifiable~ la.wful processes 

of b our. The concept of response strength has been 

important in this development (deVilliers & Herrnstein, 1976). 

A va ety of procedures have been used to assess response 

strength, one of which is the choice procedure. Here, response 

strength is assessed by determining the distribution of 

responses a choice situation. The most frequently used 

choice procedures are the concurrent schedule, both free-
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operant and discrete-trials (deVilliers, 1977), and concurrent 

chains schedule ( Catania, 1982) and the advance response 

procedure (Honig, et al., 1972). the free-operant choice 

procedure subjects respond on. two concurrently available 

levers with both levers being asso ted with a schedule of 

reinforcement. In comparison, a discrete-trials choice 

procedure eliminates the opportunity for responding during a 

intertrial interval. That is, in the ee-operant procedure 

the response alternatives are continuously available, in the 

discrete-trials procedure they are not. 

It has been repeatedly reported that subjects tend to 

allocate their responses and time spent responding on an 

alternative according to the relative frequency of r 

ment obtained for the response alternatLves. (Herrnst 

force-

,1961). 

This relationship has been. termed. the Matching Law ( st 

1970). Factors that influence the value of the response, 

alternatives, such as, magnitude of .reinforcement (Catania, 

1963b); immediacy of reinforcement (Chun.g & .Herrnstein, 1967); 

type of reinforcement (Hollard & Davison, 1971) and ne tive 

reinforcement (Baum, 1973) also determine response allocation 

conformity with matching. It has also been reported 

across a wide variety of species including pigeons (Catan~a, 

1963a, b), rats (Shull & Pliskoff, .1967) and humans (Baum, 

1975; Pierce & Epling, 1983) to name a few. deVilliers 

(1977) has reviewed an extensive research literature 

desc bing the quantitative relationship between the 

dist bution of response al terna ti ves and reinforcements .. 

rrnstein (1970) proposed the Matching Law as a 

general principle of behaviour. However, it seems that the 

matching relationship depends on certain procedural parameters, 



such as the independence.of the reinforcement schedules in 

a concurrent schedule procedure (Catania, 1963a) and an 

appropriate change-Qver-dela~ (COD) to prevent or reduce 

reinforcement of switching behaviour (Catania, 1966; 
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Navarick, 1979). Incorporation of a COD procedure may obscure 

the effects of the reinforcement schedules (Navarick, 1979); 

matching is typically not reported within the COD interval 

(Silberberg & Fantino, 1970}; and response allocation tends 

to "overmatch" if the COD data ar e excluded (Sil berber g & 

Fantino, 1970). In their review and theoretical analysis of 

matching studies, M~ers and Myers (1977) reported undermatching 

was more commonly reported than the matching predicted by the 

Matching Law. This type of deviation from matching, under

matching, was incorporated into. the Generalised Matching Law 

proposed by Baum (1974). Silberberg, et al., (1978) analyzing 

the microstructure of response allocation in concurrent 

schedules reported subjects tended to perseverate on one 

alternative, thus producing sequential dependencies in the 

data. Finally, when subjects are responding on concurrent 

FR schedules of reinforcement, they "maximise" behaviour by 

almost exclusi vel.y emitting responses to the response 

manipulandum associated with the lower response requirement 

(Herrnstein, 1964l . Some of these deviations from matching 

are more apparent when. a, molecular view is taken in comparison 

to a molar view of matching (Nevin, 1979) .• 

Although the matching relationship in concurrent and 

multiple schedules has received considerable empirical 

support across a number of experimental procedures and number 

of species (deVilliers,1977), it seems it is not as 

ubiquitous as proposed by Herrnstein (1970). It has also 
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been the center of much theoretical debate as to why organisms 

match response distributions to. reinforcement, distributions 

(deVilliers, 1977; Heyman & Luce, 1979; Prelec, 1982; 

Rachlin,et al., 1981). Recently, research at the University 

of Auckland (McCarthy, 1981; McCarthy & Davison, 1981a), 

supported by research at the University of New Hampshire 

(Nevin, 1981), has focused on the applicability of signal 

detection theory to an understanding and explanation of 

matching behaviour. 

Signal Detection Theory 

In the typical yes-no discrete-trials signal detection 

experiment, a subject is required to identify a stimulus 

"signal" presented against a backgroun.d of continuous "noise". 

One of two trials are possibl~, the presentation o£ noise 

alone (N) or the presentation of a signal plus noise (SiN). 

A yes response on a SiN trial is termed a hit, a yes on a 

N trial is a false alarm. A no response on a N trial is a 

correct rejection and a no response .on a, SiN trial is a miss. 

Typically, hits and correct,rejectiDns produce positive 

consequences where misses and false alarms produce no or 

aversive consequen~es. Given a large number of trials, the 

probability of a hit, p(H), can be calculated and plotted 

relative to the probability of a false alarm, p(FA), in a 

unit square. 

A plot in which the p(H) is represented on the ordinate 

and the p(FA) is represented.on the abscissa has been termed 

the receiver-operating characteristic (ROC) curve (Tanner & 

Swets, 1954). Signal detection theory posits that a given 

stimulus presentation leads to a sensory. effect which can be 



placed on a continuum of subjective experience. For an 

infin~te number of noise alone trials, there results a 

Gaussian (normal) distribution on the continuum, and for an 

infinite number of signal plus noise trials, subsequently 

referred to as signal, there results another Gaussian 

distribution on the continuum, but displaced from that 

distribution formed from the noise trials because a stimulus 
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of higher intensity was used in the signal plus noise trials. 

Graphical representation .of these d~stributions is presented 

in Figure 4-1. The dashed. line C in Figure 4-1 represents 

the subject's criterion or bias. The criterion can fall 

anywhere on the continuum and can be represented by B, the 

likelihood ratio, which is determined by div.iding the height 

of the signal distribution by the height of the noise 

distribution at the criterion point on the continuum.. If 

the sensory experiences falls to the ri.ght of the criterion, 

the subject responds yes, if it falls to the left of the 

criterion, the subject. responds no. According to statistical 

decision theory, the. noise distribution represents the Null 

hypothesis and the signal distribution the alternative or 

research hypothesis. Thus, the shaded area in Figure 4-1 to 

the right of the criterion point .is the probability of making 

a type I error (false alarm), and the shaded area to the left 

of the criterion point, the probability of making a type II 

error (miss). When the signal distribution is well separated 

from the noise distribution, there will be little overlap 

between the distributions resulting in few type I and II 

errors being made, indicating an easy discrimination. 

Conversely, as the two distributions become close, with greater 

overlap, a lot of type I and II errors occur, indicating a 
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FIGURE 4-1 Hypothetical noise (N) and signal plus noise (SiN) 

distributions, with C on the figure representing the subject's 

criterion. 
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difficult discrimination situation, with a corresponding 

decrease in the distance between the means of each 

distribution. A measure of stimulus discximinability, called 

d' , is given by the distance between. the means (jtSN-JJ.N) of 

the two distrubutions divided by the standard deviation of 

either the noise or signal plus noise distribution. The 

parameter, d' , is a function of the physical properties of 

the signal and the subject's sensory experience. It is 

independent of the criterion or bias selected by the subject. 

In summary, signal detection theory emphasizes the 

independent analysis and control factors that affect stimulus 

sensitivity and response bias. Stimulus sensitivity refers 

to changes in behaviour that are related to changes along 

some stimulus dimens~on •. Sensitivity is a function of the 

difference between the stimuli to be discriminated (McCarthy 

& Davison, 1980). Response bias refers to the probability 

of one response occu~ring over another independent of 

stimulus discriminability. Response bias is a function of 

the reinforcement schedule values associated with each response 

(McCarthy & Davison, 1979). 

EXPERIMENT SIX 

Determinants of signal de,tection performance 

in rats: A replication and critique. 

Introduction 

Consider the behaviour of an animal, say a rat, faced 

with the following situation. From time to time two levers 

enter a ch~ber and presses on either the right or left hand 

lever sometimes are followed by liquid food delivery at a 
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central dipper. The levers retract, and remain retracted 

during the intertrial.interval (ITI). 

As noted above,. Herrnstein (1970) ha.s argued that the 

distribution of responses across alternatives will match the 

distribution of reinforcers across the alternatives. This 

relationship has been further developed by Baum (1974) into 

the Generalised Matching Law: 

P1/P2 = c (R1/R2).b 

where P are responses to left and. right, and R is the number 

of reinforcers obtained from left and right responses. If 

the log of both sides. of equation 1 is taken, it becomes 

possible to fit a straight line by least squares linear 

regression of P upon R: 

log (P1/P2) = b log (R1/R2) + log C (2) 

Equation 2 is graphi.cally represented in Figure 4-2, with the 

log ratio of reinforcement.represented on the abscissa and 

the log ratio of responses represented on the.ordinate. The 

parameter, B, in equation 2, the slope or the regression line, 

is termed a measure of sensitivity to reinforcement. When 

b = 1, the distributinn of responses.is maximally sensitive 

to the distribution of reinforcers. Commonly, b < 1, which 

is indicative of undermatching, that ,is, the distribution 

of responses is less than maximally sensitive to the distribution 

of reinforcers. Log C, the intercept of the regression line, 

is a measure of bias. To the extent that there is some. 

consistent preference ,for left or right responses over all 

conditions of reinforcement,. then C will be greater or less 

than 1 (log C will be greater.or less than zero). 

How might equation 2 be modified to account for the 

distribution of responses when at the onset of some trials a 



FIGURE 4-2 The log ratio of responding as a function 

of the log ratio of reinforcement il~ustrating bias, 

matching and undermatching. 
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signal such as a tone is provided which is correlated with 

reinforcement on one of the alternatives, while the absence 

of the tone signal is correlated with reinforcement on the 

other alternative? This sets up the following matrix of 

outcomes, illustrated in Figure 4-3. 

Suppose also that the frequenc~ of tone plus noise trials 

(S1) varies, so that S1/S2 varies from 0.9 to 0.1. In the 

course of showing how the Generalised Matching Law can be 

integrated with the Theory of Signal Detection (SDT), 

Davison and Tustin (1978) derive from equation 2, an isobias 

equation: 

log (Pw/Px)+ log (Py/Pz) = 2 b log (Rw/Rz) + log C (3) 

Davison and Tustin (1978) state that equation 3 is: 

"The concatenation of the yes to no ratios in the 

presence and the absence of the stimulus according 

to the same rules given by Baum and Rachlin (1969) 

for the combination of behaviour-effecting 

independent variables." 

They contend therefore, that applying the Generalised 

Matching Law to signal detection performance would be 

incorrect, and that equation 3 should be used. 

Davison and Tustin (1978) also stated that as the 

stimuli become increasingly discriminable, response allocation 

becomes biased toward P1 and S1 and P2 and S2. They proposed 

separate Generalised Matching Law equations to describe 

response allocation in the presence of S1 and S2. In the 

presence of S1, 

log (Pw/Px) = ar
1 

log (Rw/Rz) + log d + log C 

In the presence of S2, 

log (Py/Pz) = ar2 log (Rw/Rz) - log d + log C 

where ar = sensitivity of response allocation to changes in 



FIGURE 4-3 The matrix of trial, stimulus and response events 

the standard yes-no discrete s signal detection task. 

Pw, Px, Py and pz represent response totals for each cell while 

Rw and Rz represent reinforcement totals. 
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L noise alone Py pz 

S 
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reinforcemen t, 

log d bias associated with the discriminabi ty of S1 and 

S2. 

log c inherent bias 

Substracting equation 5 from equation 4 provides a 

stimulus function (McCarthy & Davison, 1930a), with the 

intercept, log d, representing a least-squares estimate of 

discriminability: 
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k [log (Pw/Px) - log (Py/pz)] = (ar1 ar2 ) 10g(Rw/Rz)+10g d 
----.;.-----;..... 

2 (6) 

When the sensitivities to reinforcement are the same, ar -1 -

ar2 , equation 6 simplifies to : 

log (Pw/Px) - log (py/Pz) = 2 log d (7) 

From equation 7 a point estimate of discriminability can be 

derived and used with single data points: 

log d ~ [10 (Pw. PZ)] 
g Px Py 

Similarly, a response bias function is derived from the 

(8) 

addition of equations 4 and 5, giving a measure of response 

bias on the left hand side of the equation: 

~ log (Pw/Px) + log (Py/Pz) = ar log (Rw/Rz) 

+ log C (9) 

Again, the following equation (Davison & Tustin, 1978) can 

be used to calculate point estimates of response bias for 

single data points: 

log b = § r log (~; • f;)1 (10) 

The McCarthy and Davison approach to signal detection 

theory has been through the development of quantative 

relationships having their foundations in schedule-control 

research. They have argued that the only effective biaser 

in Signal detection is changes in the obtained reinforcement 
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ratio for correct responses to 81 and 82. stimuli. This lead 

McCarthy and Davison (1981b ; McCarthy, 1981) to assert that 

signal presentation probability need not be shown as a biaser 

(independent variable) in behaviou models of detection 

performance (see equations 3, 4 and 5). This assertion is 

in direct contrast to traditional views of gnal detection, 

in which signal presentation probability is seen as the most 

effective biaser in signal detection performance (Hume & 

I r wi n, 1 974) • 

It is the purpose of the present experiment to: 

(1) Examine the empiriDal adequacy of equations 3, 4 and 5 

as descriptors of response allocation in a 

detection task; 

(2) to examine some of the assumptions made in the 

derivation of equations 3, 4 and 5; 

(3) to consider some alternatives to equations 3, 4 and 5; 

and 

(4) to consider the implications of these alternati.ves for 

the Davison, Tustin, McCarthy model of signal detection 

performance. 

This experiment is a replication of McCarthy and 

Davison (1979). They were interested, in whether a change 

behaviour reflected a change in signal-presentation 

probability in comparison to relative reinforcement frequencies. 

Procedure 1 was the typical signal-detection design in which 

reinforcements obtained for correct responses covaried. with 

va tions in the probability of signal presentation. In 

procedure 2 reinforcement for the two correct responses. 

remained equal while the probability of signal presenta on 

va ed. In procedure 3 the distribution of reinforcements to 



both correct responses varied while the probability of 

signal presentation remained constant. 

Method 

Subjects 
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Four randomly bred Wistar albino rats from the Psychology 

Department, University of Canterbury breeding colony served 

as subjects. They were naive and response shaping by 

successive approximations was given 

proper was commenced. 

Apparatus 

re the experiment 

The experimental chamber consisted of two stainless steel 

sides and two clear perspex sides, with the ceiling also being 

clear perspex. The chamber measured .5 x 28 x 20 cm 

(L x W x H). The floor consisted of 18 d rods spaced at 

1.3 cm centres having a 3 mm diameter. Two standard BRS/LVE 

retractable levers were placed at each end of one stainless 

steel de 9.0 cm above the grid rod floor. A downward force 

of 30 g was required to operate the levers. Chamber 

ilIum on was provided by two 24 v bulbs '" one tua ted 

7 cm above each lever. Reinforcers were delivered by a 

electro-mechanical dipper protruding through a 1.0 cm 

diameter hole, 1.0 cm above the floor, si.tuated centrally 

between both levers. The reinforcer was liquid food in the 

form of Complan mixed with water. The experimental chamber. 

was housed a sound attenuating chamber. The chamber was 

fitted with an exhaust fan which was on continuously providing 

52 dB A background masking noise. The signal was a 1.5 kHz 



pure tone which added 10 dBA to the bank ground masking noise 

and was delivered through a speaker mounted 13.0 cm above 

the ceiling of experimental chamber, within the sound 

attenuating chamber. All recording was by conventional 

electro-mechanical equipment situated in an adjacent room. 

Procedure 

Sessions were run daily and lasted for 60 minutes. All 

subj ects received, supplementary food pellets after each 

session. The experimental design is outlined in Table 4-1. 
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Fourteen con tions were run with condition transition 

taking place on 5 completions of a stab~lity criterion. This 

criterion required the median relative number of responses 

on S1 trials over 5 sessions, to be invariant by 0.05 from 

the median of the 5 preceding sessions. 

The task for each subject was to detect the presence 

or absence of an auditory tone in three procedures each 

having 5 separate conditions. (Data from condition 7 was 

used in procedure 3). See Table 4-1. 

S1 s were initiated by the onset of the tone signal 

which ceded bar insertion by 1.0 second. S2 trials were 

initiated by bar insertion. The bars retracted either 

imm tely upon a lever press or after 5.0 seconds if no 

response occurred. The tone signal remained on un trial 

compl on. 

On S1 trials a lever press on the right lever was 

d ermined as "correct" and on S2 trials a lever press on 

the left hand lever was regarded as "correct". The two 

r ning response alternatives, left lever presses on S1 

trials and right lever presses on S2 trials, were correct 
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TABLE 4-1 

The sequence of experimental events and the number of sessions 

for each condition. 

Sl S2 Reinforc6TleIlts 

Procedure Condition Probability Probability Right Lever Left Lever Sessions 

1 

2 

3 

1 

2 

3 

4 

5 

6 

7 

8 

9. 

10 

11 

12 

13 

14 

15 

.5 

.7 

.3 

.9 

.1 

.5 

.7 

.3 

.9 

.1 

.7 

.7 

.7 

.7 

.7 

.5 

.3 

.7 

.1 

.9 

.5 

.3 

.7 

.1 

.9 

.3 

.3 

.3 

.3 

.3 

CRF on all hits and 

correct rejections, 

all 5 conditions 

.5 (Vl-30) .5 (Vl-30) 

.5 (Vl-30) .5 (Vl-30) 

.5 (Vl-30) .5 (Vl-30) 

.5 (Vl-30) .5 (Vl-30) 

.5 (Vl-30) .5 (Vl-30) 

• 7 (Vl-30) .3 (Vl-30 ) 

.3 (Vl-30) .7 (Vl-30) 

.9 (Vl-30) .1 (Vl-30) 

.1 (Vl-30) .9 (Vl-30 ) 

.5 (Vl-30) .5 (Vl-30) 

19 

13 

12 

9 

23 

17 

12 

13 

20 

9 

9 

18 

11 

17 
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and had no consequences other than trial termination. All 

correct responses produced a ma zine light of 5.0 second 

duration (secondary reinforcement) or liquid food delivery 

together with magazine light (primarY".reinforcement). The 

overall sequence of S1 and S2 was independent of the subjects' 

responses across all conditions. All response alternatives 

and reinforcemenwobtained on the two levers were recorded. 

The three procedures of the experimental deSign, outlined 

Table 4-1, maybe described in greater detail. 

During Procedure 1 reinforcements for correct responses 

to S1 covaried with variations in gnal presentation 

probability. All correct responses to S1 and S2 produced a 

5.0 second access to liquid food plus the magazine light. 

Tha tis, a continuous reinforcement schedule, was in operation. 

Signal presentation probability was varied over 5 conditions 

having the following values 0.5, 0.7, 0.3, 0.9 and 0.1. A 

VI-10 second intertrial interval was in operation throughout 

the experiment at which time both levers were retracted and 

unavailable. 

During procedure 2 reinforcements obtained for correct 

responses to 81 and 82 remained equal by arrangement of liquid 

food delivery to be set up using oneV1-30 second schedule, 

with allocation to left and right responses via a epper. 

When the V1-30 schedule set up a reinforcement stopped 

until the reinforcement was collected, then started a 

During procedure 2 the stepper apportioned 0.5 of the 

reinforcements for correct responses to 81 and 0.5 for correct 

responses to S2. sequence of events determined by the 

stepper was according to the Gellermann geometric progression 

procedure (Gellermann, 1933). The VI-30 second schedule 



comprised 10 intervals in random order according to the 

Catania and Reynolds (1968) constant probability procedure. 

When reinforcement was not set up, all correct responses 

produced a 5.0 second magazine light. As in procedure 1, 

signal presentation probability was varied over 5 conditions 

from 0.1 to 0.9 

During procedure 3 the distribution of reinforcements 

to 81 and 82 varied by changing the probability values on 

the stepper, while the V1·-30 second schedule remained 

unchanged. The probability values varied from 0.1 to 0.9 

over 5 conditions with the fifth condition data comprising 

condition 7 of procedure 2 (see Table 4-1). The signal 

presentation probability remained constant at 0.7. 

Results and Discussion 

Response allocation on left and right hand levers 

together with the number of obtained reinforcements on each 

lever are presented in Table 4-2. The data in Table 4-2 

represents totals summed over the last 5 sessions of each 

condition. 

Pro c edure 1. 
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During procedure 1, reinforcements obtained for correct 

responses to 81 covariedwith variations in signal presentation 

probability. Figure 4-4 represents the log response ratio 

on 81 trials, log. (Pw/Px), and on 82 trials, log (Py/Pz), as 

a function of the log reinforcement ratio for obtained 

reinforcements on right and left levers, log (Rw/Rz). Data 

from each of the last 5 sessions of each condition are 

plotted and illustrated in Figure 4-4. The least squares 



The number of responses emitted on S1 and s¢ trials and the 337 
number of reinforcements obtained. The data are totals for 
the last five sessions of each condition. 

Resp::mses Resp:mses in S2 Reinforcements 
in S1 

FALSE CORREX:T 
Procedure Condition Subject HIT MISS ALARM REJECTION R L 

(R) (L) (R) (L) 

1 1 S100 480 40 38 471 480 471 

p(~)=covaried S101 457 53 76 429 457 429 

P(Sl) = 0.5 S102 377 176 55 476 377 476 

S103 428 58 63 409 428 409 

2 S100 723 18 29 273 723 273 

S101 730 51 57 284 730 284 

0.7 S102 671 62 65 247 671 247 

S103 602 26 47 217 602 217 

3 S100 281 33 12 705 281 705 

S101 270 98 46 786 270 786 

0.3 S102 -'220 80 25 654 220 654 

S103 240 54 31 638 204 638 

4 S100 888 23 14 83 888 83 

S101 925 40 57 53 925 53 

0.9 S102 893 36 50 53 893 53 

S103 877 13 40 47 877 47 

5 S100 73 32 6 947 73 947 

S101 89 27 12 1002 89 1002 

0.1 S102 95 19 10 988 95 988 

S103 75 31 4 947 75 947 

2 6 S100 361 92 46 390 139 139 

p(SR)= 0.5 S101 335 141 59 408 136 135 

P(Sl) = 0.5 S102 478 107 61 542 176 176 

S103 407 84 107 361 137 140 

7 S100 481 169 28 265 145 142 

S101 591 221 85 280 154 152 

0.7 S102 674 no 46 297 157 156 

S103 526 212 70 249 148 145 
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Responses Responses in 82 Reinforcements 
in 81 

FALSE CORRECT 
Procedure Condition 8ubject HIT MI88 ALARM REJECTION R L 

(R) (L) (R) (L) 

2 8 8100 310 37 44 703 165 169 

8101 271 59 77 669 147 148 

0.3 8102 339 16 91 738 170 173 

8103 305 32 81 654 157 161 

9 8100 520 285 15 93 84 82 

8101 501 216 30 60 57 55 

0.9 8102 629 164 28 64 55 55 

8103 658 238 20 90 82 78 

10 8100 101 3 120 510 92 95 

8101 94 8 124 532 86 89 

0.1 8102 116 9 184 772 108 110 

8103 110 4 147 746 102 106 

3 11 8100 512 100 53 192 185 84 

p(81 ) = 0.7 8101 428 126 58 173 153 68 

p(8R
)= 0.7 8102 665 99 56 253 232 101 

8103 742 62 31 312 257 113 

12 8100 421 161 26 246 76 165 

8101 320 220 44 219 69 157 

0.3 8102 405 132 26 226 71 154 

8103 548 294 24 347 99 222 

13 8100 676 15 151 119 282 32 

8101 632 29 145 107 267 30 

0.9 8102 687 17 110 149 310 35 

8103 733 33 154 171 314 37 
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Responses Responses in S2 Reinforcements 
in S1 

FALSE CORRECI' 
Procedure Condition Subject HIT MISS AI.ARM REJECTION R L 

(R) (L) (R) (L) 

3 14 S100 270 256 11 297 27 244 

S101 262 275 11 297 26 232 

0.1 S102 279 163 5 266 26 212 

S103 369 344 13 331 30 260 

0.5 data from condition 7 used as 15th condition. 
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FIGURE 4-4 The log response ratio on 81 trials and 82 

t Is as a function of the log obtained reinforcement ratio 

on right and left levers in proceduxe one. Least squares 
linear regression using equations 4 and 5 together with the 
standard error of estimate (8E) are shown for each subject. 
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regression method was used to fit straight lines to the 

data points. The standard error of the estimate is presented 

to illustrate the variabi ty of the data points. The slope 

of the straight line regression is then an estimate of ar, 

sensitivity to reinforcement, e the intercept 

esents a combination of inherent bias, log 0, and 

discriminability, log c ± log d. McCarthy and Davison (1979) 

reported the slopes obtained using equations 2 and 3 

(equa tions 4 and 5 of this stlddy) were not si gnifican t from 

each other (Sign Test, p = 0.05; son, 1966). That is, 

the sensitivity to reinforcement, ar1 , for responding to S1, 

and ar2 , for responding to S2, were not si cantly 

di , ar
1 

= ar2 • The mean slope of S1 trials was 0.88 

and for S2 trials = 0.81. The author views the use of the 

sign test to examine the hypothe s ar 1 ar2 as inappropriate 

given the size of n in both data sets. When n is small the 

power of the test is not sufficient to point out a true 

difference between the slopes of the tted es using 

equations 4-5 across subjects~ McCarthy and Davison (1982) 

used the Wilcoxon matched-pairs sign-rank test (MPSR), 

(Marascui & McSweeney, 1977) in preference to the sign 

test. As an alternative to the Sign Test, s study 

examined the di erence between the slopes of the fitted 

lines divided by the square root of the avera squared 

standard errors of both slopes. This statistic is 

distributed as Students t- distribution. The results are 

summarised in e 4-3. 

The slopes derived from equation 4 were si cantly 

lower than the slopes from equation 5 for 3 out of 4 subjects 

(S101, S102 & S103). The slopes obtained for subject (S100) 
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Summary of the t-test ana~es for each subject. The data are 

from the .last five sessions of each condition. 

Ho : ar1 = 0 Ho : ar2 = 0 Ho : ar1 = ar2 
PROCEDURE SUBJEX::TS HI : <;IT1 f 0 HI : ar2 f 0 HI : ar1 f ar2 Equatlon 4 Equation 5 ar1 vs ar2 

1 S100 5.993 *** 5.275 *** < 1 * 

S101 8.144 *** 4.795 *** -2.8916 *** 

S102 4.797 *** 4.797 *** -3.3658 *** 

S103 7.355 *** 11.027 *** -2.0357 ** 

2 S100 -6.628 *** < 1 * -5.5742 *** 

S101 -4.767 *** 1.997 * -4.3858 *** 

S102 -4.874 *** 1.662 * -6.3885 *** 

S103 -2.378 ** 1.573 * -4.0298 *** 

3 S100 11.559 *** 9.766 *** < 1 * 

S101 11. 394 *** 11.952 *** -1.4523 * 

S102 11.4953 *** 11.201 *** < 1 * 

S103 9.141 *** 6.021 *** 1.4827 * 

*** p < 0.01, reject Ho 

** p < 0.05, reject Ho 

* N.S. , accept Ho 
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were not significantly differ from each other. That is, 

for 3 out of 4 subjects, the sensitivity to reinforcement 

during S1 trials, ar1 , is signi cantly lower than the 

sensitivity to reinforcem.ent during S2 trials 0.767. Further 

t-test analyses (Draper & Smith, 1966) indicatedthat the slopes 

of all the fitted lines were cantly different from 

a s pe of zero (See table 4-3). 

To test the effect of discriminability across the 

obtained reinforcement ratios during procedure 1, point 

es mates of discriminability were culated according. to 

equa on 8 and are presented in gure 4-5 as a function of 

the log re forcement ratio on both levers. A non-parametric 

trend test (Ferguson, 1966) indicated discriminability 

remained constant across the obtained rcement ratios 

(z 1.84, p> .05). Also shown on Figure 4-5 are point 

estimates of log response bias,equation 10, as a function of 

log obtained reinforcement ratio across conditions in 

procedure 1. A non-parametric trend test indicated that 

response bias showed a significant increase as the obtained 

reinforcement ratio increased (z = 4.78, p< .01). 

Procedure 2. 

During procedure 2, reinforcements obta ed for correct 

responses to S1 and S2remained equal while presentation 

probabi ty varied. Figure 4-6 represents the log response 

ratio on S1 and S2 trials as a function of log S1 and 32 

trial ratio. The present study showed for all subjects. that 

the slopes 31 were significantly less than the slopes in 

32; replicating our finding in procedure 1. Further analyses 

revealed for 1 subjects that the slopes of the tted lines 
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FIGURE 4-5 The logarithm of scriminability and of response 
bias as a function of the log obtained reinforcement ratio on 
right and left levers in procedure one. The data were averaged 
over the st five sessions of each condition. 
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FIGURE 4-6 The log re onse ratio on 81 and 82 txials as a 
function of the log signa presentation ratio in procedure two. 
The equation and 8E of a least squares linear regression are 
shown for each subject~ The data are from the last five 
sessions of each condition. 
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in 81 were significantly ent from a slope of zero, but 

slopes of the fitted lines in 82 were not significantly 

different from a slope of zero. (refer to Table 4-3). 
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Point estimates of log scriminability and log response 

bias as a function of log signal presentation ratio are 

illustrated in Figure 4-7 for data summed over the last 5 

sessions in each condition of procedure 2. In the present 

study, subjects showed a cant decrease in discrimin-

ability (z = 4.29, p< .01) and response bias (z = 2.57, 

p<.05) as log gnal presentation ratio increased. 

Procedure 3. 

During proc 3, the distribution of obtained 

reinforcements for correct responses to 81 and 82 varied. 

while signal presentation probability remained constant. 

Figure 4-8 represents the log response ratio on 81 and 82 

trials as a func on of the log obtained reinforcement ratio 

on both. levers. For all subjects the slopes from least-squares 

linear-re 

different 

ssion using equation 4 were not significantly 

om the slopes using equation 5. 

Point estimates of log discriminability and log response 

bias as a function of log reinforcement ratio are illustrated 

in Figure 4-9 for data summed over the last 5 sessions of 

each condition in procedure 3. 

A Trend Test showed log response bias to significantly 

increase as log reinforcement ratio increased (z = 4.78, 

p < .01) while discriminabili ty showed no gni cant change 

as a function of changes in log reinforcement ratio (z = 0.12, 

p>.05). 

At this point I considered whether it was possible, 



FIGURE 4-7 The logarithm of discriminability and of 347 
response bias as a function of the log signal presentation 
ratio in procedure two. The data are averaged over the 
last five sessions of each condition. 
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FIGURE 4-8 The log response ratio on 81 and 82 trials as a 
£unction of the log obtained reinforcement ratio in procedure 
three. Least squares linear regression using equations 4 and 
5 together with the 8E are shown for each subject. The data 
are from the last five sessions of each condition. 
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FIGURE 4-9 The logarithm of discriminability and of 
response bias as a function of the log obtained reinforcement 
ratio in procedure three. The data were averaged over the 

last five sessions of each condition. 
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given the reported differences between this study and 

McCarthy and Davison (1979), to corporate the results 

under one umbrella. I should point out that the focus of 

attention was primarily quantitative developing a model 

which most adequately describes the processes occurring in 

the experimental situation. The re t of procedure 2 in 

the present experiment suggested that chan s in signal 

presentation probability.produced chan s response bias. 

To further investigate the role of obtained reinforcement 

ratio and signal presentation probability as biases in 

signal detection I compared the log response ratio, log 

obtained reinforcement ratio., log (Rw/Rz); and log signal 

presentation ratio, log (81/82).; over the st 5 sessions 

of each condition for the McCarthy and Davison (1979) and 

the present experimental data. The results are esented 

in Table 4-4. If the data reflects the McCarthy and Davison 

position, then changes in log response ratio should mirror 

changes in log obtained reinforcement ratio. Alternatively, 

if the data reflects the.traditional position of performance 

signal detection, then changes in log response ratio 

should mirror changes in the log signal presentation ratio. 
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the first column of each data set presented in Table 

4-4, the log response ratio as stated by Baumts Generalised 

Matching Law is depicted, i.e. log (Pw + Py/Px + pz). This 

represents the left hand side of equation 2. In the second 

column, the left hand side of equation 3 is represented, i.e. 

0.5 [( g Pw/Px + log (Py/pz)J after Davison and Tustin 

(1978). These two statements represent ways of depicting 

re onse cation signal detection performance. The 

third and fourth columns show the obtained reinforcement 



TABLE 4-4 
The log response ratio (equation two), the log response 

ratio (equation three), the log obtained reinforcement 

ratio and the log signal presentation ratio from the 

McCarthy and Davison (1979) and experiment six data sets. 

The data are averaged over the last five sessions of ea 

condition. 

McCarthy & Davison (1979) six data 

ya 
1 

y b 
2 ~c x d 

Yl Y2 ~ KS s 

PROCEDURE ONE 

5121 5100 

-1.121 -0.954 -0.758 -0.914 -1.093 -0.920 -1.113 -0.958 

-0.461 -0.515 ·-0.291 -0.377 -0.401 -0.419 -0.399 -0.359 

0.114 -.226 0.036 0.012 0.006 0.007 0.008 0.009 

0.410 0.248 0.301 0.401 0.412 0.315 0.423 0.390 

0.982 0.541 0.734 0.986 0.930 0.407 1.029 0.973 

5122 S101 

-1.062 -0.899 -0.749 -0.960 -L008 -0.702 -1.051 -0.942 

-0.378 -0.396 -0.248 -0.347 -0.447 -0.396 -0.464 -0.354 

-0.001 0.013 0.002 -0.005 0.044 0.092 0.021 0.004 

0.392 0.111 0.289 0.400 0.371 0.229 0.410 0.360 

1.033 0.849 0.806 0.963 1.024 0.698 1.242 0.943 

S123 S102 

-1.041 -0.817 -0.742 -0.930 -0.982 -0.648 -1. 017 -0.942 

-0.447 -0.492 -0.270 -0.342 -0.476 -0.489 -0.473 -0.355 

-0.055 -0.095 -0.018 -0.036 -0.119 -0.303 -0.101 0.018 

0.291 0.033 0.204 0.356 0.377. 0.227 0.434 0.311 

1.058 0.883 0.786 1.002 1.025 0.685 1. 227 0.955 

S125 5103 

-0.836 -0.171 -0.821 -0.913 -1.093 -0.995 -1.103 -0.953 

-0.369 0.012 -0.248 . -0.390 -0.407 -0.333 -0.425 -0.357 

0.002 0.001 -0.020 0.002 0.022 0.028 0.020 0.013 

0.409 0.188 0.359 0.416 0.427 0.350 0.443 0.376 . 

0.933 0.466 0.806 0.942 1.184 0.879 1.211 1.010 

S126 

-0.989 -0.691 -0.851 -0.976 

-0.507 -0.417 -0.295 -0.409 

-0.412 -0.411 -0.114 -0.004 

0.527 O.SH 0.332 0.841 

1.382 1.163 1.014 1.006 

a Yl .. log (1'.1 +Py/Px + pz) c. ~ 
,. log (I~w/Rz) 

b Y2 = 0.5 [log (rw/px) + log (Py/pz)J d KS log (SI/52) 
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McCarthy & Davison (1979) Experiment six data 

y a 
1 

y b 
2 ~c X d Yl Y2 ~ Xs s 

PRCCEDURE 'ThD 

8121 S100 

-0.897 -0.226 0.014 -0.980 -0.366 0.449 -0.014 -0.782 

-0.200 0.149 0.005 -0.382 -0.320 -0.140 -0.010 -0.333 

-0.089 -0.143 0.005 0.010 -0.073 -0.187 0.000 0.017 

0.308 0.007 0.017 0.416 0.069 -0.261 0.009 0.346 

0.865 0.441 0.000 0.873 0.151 -0.266 0.010 0.872 

S122 8101 

-0.822 -0.061 0.030 -0.945 -0.394 0.219 -0.015 -0.808 

-0.385 -0.173 0.000 -0.397 -0.321 -0.138 -0.003 -0.354 

-0.050 -0.106 0.018 0.008 -0.144 -0.232 0.003 0.008 

0.218 -0.523 0.013 0.390 0.130 -0.045 0.006 0.347 

0.888 0.164 -0.008 0.970 0.284 0.032 0.016 0.901 

S123 S102 

-0.819 -0.145 0.007 -0.902 -0.416 0.244 -0.008 -0.883 

-0.285 -0.072 -0.006 -0.346 -0.244 0.208 -0.008 -0.368 

-0.184 -0.666 0.000 0.015 -0.081 -0.149 0.000 -0.013 

0.107 -0.466 -0.010 0.397 0.248 -0.011 0.003 0.359 

0.905 0.182 0.007 0.970 0.460 0.112 0.000 0.935 

S125 S103 

-0.936 -0.281 0.016 -0.986 -0.465 0.367 -0.017 -0.894 

-0.345 -0.122 0.005 -0.358 -0.250 0.036 ,-0.011 -0.339 

-0.154 ':"0.567 0.019 0.004 0.063 0.079 -0.009 0.021 

0.137 -0.144 0.022 0.408 0.111 -0.078 0.009 0.364 

0.834 0.253 -0.080 0.992 0.315 -0.106 0.022 0.911 

S126 

-0.580 0.190 -0.034 -0.957 

-0.355 -0.210 -0.012 -0.351 

-0.153 -0.309 -0.021 0.005 

-0.133 -0.478 -0.021 0.382 

0.276 -0.139 0.008 0.919 

a Y1 = log (Pw +Py!Px + pz) C, ~ = log (Ifu'/Rz) 

b Y2 = 0.5 [log (Pw/px) + log (Py/pz) 1 d Xs = log (Sl/S2 ) 
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TABLE 4-4 Contd. 

McCarthy & Davison (1979) Experiment six data 

y a 
1 

y b 
2 ~c x d 

s Y1 Y2 XR Xs 

PRCCFlXJRE THREE 

S121 S100 

-0.242 -0.271 -0.561 0.404 -0.294 -0.704 -0.956 0.232 

0.210 -0.234 -0.441 0.324 0.041 -0.279 -0.337 0.330 

0.308 0.007 0.017 0.416 0.069 -0.261 0.009 0.346 

0.302 0.034 0.490 0.354 0.287 0.075 0.343 0.398 

0.350 0.211 0.755 0.342 0.790 0.879 0.945 0.408 

S122 S101 

0.333 -0.321 -0.600 0.368 -0.321 -0.726 -0.950 0.241 

0.364 -0.425 -0.464 0.385 -0.081 -0.267 -0.357 0.312 

0.218 -0.523 0.013 0.390 0.130 -0.045 0.006 0.347 

0.369 0.019 0.425 0.402 0.211 0.028 0.352 0.380 

0.356 0.241 0.775 0.348 0.757 0.735 0.949 0.419 

S123 S102 

0.332 -0.092 -0.576 0.364 -0.179 -0.746 -0.911 0.212 

0.247 -0.456 -0.521 0.345 0.081 -0.226 -0.336 0.329 

0.107 -0.466 -0.010 0.397 0.248 -0.011 0.003 0.359 

0.306 -0.173 0.517 0.367 0.311 0.086 0.361 0.393 

0.431 0.643 0.805 0.384 0.681 0.737 0.947 0.434 

S125 S103 

0.299 -0.015 -0.600 0.355 -0.241 -0.688 -0·938 0.316 

0.304 -0.021 -0.450 0.358 -0.049 -0.445 -0.351 0.356 

0.137 -0.144 0.022 0.408 0.111 -0.018 0.009 0.364 

0.403 0.193 0.493 0.405 0.315 0.038 0.357 0.310 

0.396 0.436 0.808 0.329 0.638 0.651 0.929 0.372 

a Yl lQ9' (Pw +.Py/Px + pz) c XR log (RW/Rz) 

b Y2 = 0.5 [log (Pw/Px) + log (Py/Pz) J d Xs = log IS1/S2} 



ratio for correct responses, log (Rw/Rz); and the 81 to 

82 signal presentation ratio log (31/32), respectively. The 

overall impression gained in Table 4-4 is that rather than 

response allocation mirroring either log obtained reinforce-

ment ratio or log signal presentation ratio, responses were 

allocated at some intermediate value between the two 

independent variables. It therefore seems that not only is 

the obtained reinforcement ratio important in determining 

response allocation but also the experimental contextual 

stimulus conditions, in which the reinforcements were 

obtained are important. 

I have therefore developed a model I believe accounts 

for this apparent contextual control by signal presentation 

on response allocation. The model can be written in two 

algebraically equivalent ways, firstly; 

Pw + Py 
Px + pz = c (Rw + 81)b 

(Rz + 32) 
( 11) 
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taking logs of both sides 

log (Pw + Py) = 
(Px + pz) 

and secondly; 

Pw + Py = Px + pz 

log (Pw + Py) = (Px + pz) 

(Rw + 31) 
b log (Rz + 32) + log c ( 12) 

[(Rw 31 + 1) (31/32)~ b 
C ( 13) [(pz 82 + 1) ( ) 

b flOg (RW~31 + 1) + 1 (31/ 32 )] + 1 C (14) 
(Rz 32 + 1) 0 g ( )] 0 g 

I term the right hand side of equations 12 and 14 a 

measure of opportunity to respond. That is, it takes the 

context of reinforcement into account by modifying the 

reinforcement term (Rw or Rz) to incorporate the opportunity 

for the reinforced response to occur. 

One way to test the adequacy of this model is to compare 
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it with other possible models of signal detection performance. 

In the preface to, Quanti.tative Analyses of Beahviour, 

(Commons & Nevin, 1981), Michael Commons stated: 

" ••• models are designed to account for the 

maximum amount of variance found in a number of 

experimental situations to which the processes 

described by the model apply. The adequacy of 

quantitative models is tested by comparing 

obtained data to theoretically predicted data." 

(p. XViii). 

Four different models of signal detection performance 

are presented in Table 4-5. Model one is a statement of 

Baum's Ge~eralised Matching Law; model two is equation 13 

from Davison and Tustin (1978); model three is the stimulus 

context model and model four represents another way of 

combining the independent variables, log obtained reinforce-

ment ratio and log signal presentation ratio by means of 

the multiple regression statistical technique. 

As the first three models, in their log form, represent 

the equation of a straight line, y = b x + C, least squares 

linear regression analyses were calculated by fitting the 

obtained Y and X data values from the two data sets to the 

model equations. The rationale for this approach was if the. 

model equations represent the theoretically predicted data 

then the obtained data should, by method of least squares 

linear regression, account for a significant amount of the 

variance in the data sets. If the·models are inadequate, 

then the regres sion anal.ys es would be non- si gnifi can t. The 

results of the regresaion analyses applied tO,the first three 

models are given in Table 4-6, while the results of the 

multiple regression analyses are presented in Table 4-7. Let 

us examine Table 4-5 first. 



c 
3(i) 

Table 4-5. 

Four possible Models of Signal Detection Performance. 

log 

Pw + Py = C (Rw)b 
Px + pz (Rz) taking logs 

(Pw + Py) = 
(Px + pz) b log (Rw) + log C 

(Rz ) 

log (Pw) + log (Py = 2 
(Px) /pz) 

[b log(Rw/ RZ)] + 2 log C 

0.5 [log~Pw /Px~ 

Pw+Py 
Px + pz = C 

(Rw + Sl)b 
(Rz + S2) taking logs 

log (Pw + Py) (Rw + Sl) 
(Px + pz) = b log (Rz + S2) + log C 

log C 

(FW + Py) = C 
(Px + pz) 

[ ( Rw/Sl + 1) (Sl/ ) 
[ ( Rz/S2 + 1) ( S2 ~ 

taking logs 

log (Pw + Py) 
(Px + Pz) = b [log (Rw/Sl + 1) + log (Sl/ ) 

[ (Rz/S2 + 1) S2 ) 
+ log C 

Pw+Py 
Px + PZ 

taking logs 

log (Pw + Py) 
(Px + PZ) 

a Baum's Generalized Matching Law 

b Davison and Tustin (1978) Model [Equation 13] 

C Stimulus context model 

d Multiple regression model 
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INI'ERCEPT 

8100 

8101 

8102 

8103 

SLOPE 

8100 

8101 

8102 

8103 

F-RATIO 

8100 

8101 

8102 

8103 

TABLE 4-6 8ummary of the least squares linear regression analyses on 

Baum's Generalised Mat g Law'model, Davison and Tus (1978) mod and th~ 

stimulus context model using data avera d over ,the last ve sessions of ea 

con tion from the McCarthy and Davison (1979) and experiment six data sets. 

I-b:ie1 1 

-0.0194 

-0.0325 

-0.0595 

-0.0129 

0.9510 

0.8895 

0.9006 

0.9583 

3130.2072 

880.5298 

2125.3927 

5578.2266 

PROCEDURE 1 

Model 2 

-0.1180 

-0.0362 

-0.1144 

-0.0465 

0.6589 

0.6236 

0.6306 

0.7880 

Model 3 

-0.0308 

-0.0164 

-0.0562 

-0.0020 

1.0035 

0.9942 

0.9937 

1.0614 

53.1064 1461.4730 

184.3295 2224.5525 

92.1003 607.7695 

295.8653 48309.7978 

PROCEDURE 2 PROCEDURE 3 

Modell Model 2 rme1 3 Model 1 Model 2 

Experiment six data 

-0.0884 -0.0967 -0.1194 0.1781 -0.0588 

-0.1204 -0.0247 -0.1040 0.1391 -0.0550 

0.1464 0.0138 -0.0177 0.2227 -0.0416 

-0.0233 0.0472 -0.0552 0.1531 -0.1053 

20.6510 -21.0460 0.4663 0.5458 0.7954 

23.9175 -6.2273 0.5586 0.5486 0.7262 

59.7657 -26.1498 0.6522 0.4467 0.7549 

16.9739 -9.6025 0.5783 0.4791 0.7119 

308.3375 4.5993 39.0990 55.1040 34.2157 

17.9631 0.5934 63.7450 64.8891 76.4478 

6.2836 5.0838 107.8453 163.8383 108.7821 

10.0768 6.0538 66.4649 185.3311 81.6258 

Model 3 

-0.349 

-0.4083 

-0.1780 

-0.4919 

1.9825 

2.0396 

1.4936 

2.2847 

37.1693 

52.0148 

104.0606 

219.0140 



TABLE 4-6 Contd. 

PRc:x:EDURE 1 PRCCEDURE 2 PRc:x:EDURE 3 

M:rlel 1 M:rlel 2 M:rlel 3 M:rlel 1 M:rlel 2 M:rlel 3 M:rlel 1 MJdel 2 MJdel 3 

R-SQUARED Experiment x data 

3100 0.9990 0.9465 0.9980 0.9904 0.6052 0.9287 0.9484 0.9194 0.9253 

3101 0.9966 0.9840 0.9987 0.8569 0.1651 0.9551 0.9558 0.9622 0.9455 

8102 0.9986 0.9685 0.9951 0.6768 0.6289 0.9729 0.9820 0.9732 0.9720 

3103 0.9995 0.9900 0.9999 0.7706 0.6686 0:9568 0.9841 0.9645 0.9865 

McCarthy and Davison (1979) 

INrERCEPT 

121 -0.0211 -0.0954 -0.0340 tl.3503 0.2428 0.0026 0.2779 -0.0631 0.0485 

122 -0.0303 -0.0747 -0.0181 0=.3017 -0.0873 -0.0375 0.3276 -0.2151 0.3257 

123 -0.0288 -0.0888 -0.0463 -0.0395 -0.3001 -0.0755 0.2822 -0.1301 0.1668 

125 . 0.0112 0.0937 0.0245 -0.1351 -0.1933 -0.0992 0.3034 0.0730 0.2214 

126 -0.0227 0.0006 0.0035 0.0957 -0.2496 -0.1872 

SLOPE 

121 1.4204 1.0499 1.1653 -44.2020 -24.1404 1.0268 0.0886 0.3403 0.7144 

122 1.3562 1.1163 1.1334 -31.1908 -4.9388 0.9908 0.0132 0.4498 0.0068 

123 1.3944 1.1208 1.1430 -7.4423 31.3188 0.9879 0.0843 0.4950 0.3595 

125 1.1072 0.3785 0.9635 -11.3078 -5.6436 0.9922 0.0835 0.3041 0.2611 VJ 
VI 
00 

126 1.3331 1.0775 1.2439 17.5805 -3.7286 0.4876 



TABLE 4-6 Con td. 

PROCEDURE 1 PROCEDURE 2 PROCEDURE 3 

Model 1 Model 2 Model 3 Modell Model 2 Model 3 Modell Model 2 Model 3 

F-RATIO McCarthy and Davison (1979) 

121 782.87'18 36.7214 317.6181 0.8768 2.2855 116.6598 13.6466 46.2952 72.8356 

122 2637.6140 317.9795 8971.6254 3.4726 0.2959 282.6317 0.0448 5.8945 0.0002 

123 2252.8645 119.6109 2513.7846 0.0234 2.8794 60.4734 0.6709 2.4802 0.2506 

125 345.5617 41.3859 941.5809 3.9441 6.3861 136.8457 0.8457 5.2937 0.1483 

126 97.6315 32.4816 47.5985 8.6255 0.1740 61.1804 

R-SQUARED 

121 0.9962 0.9245 0.9906 0.2261 0.4324 0.9749 0.8198 0.9391 0.9604 

122 0.9989 0.9907 0.9997 0,5365 0.0898 0.9895 0.0147 0.6627 0.0001 

123 0.9987 0.9755 0.9988 0.0077 0.4897 0.9527 0.1828 0.4526 0.0771 

125 0.9914 0.9324 0.9968 0.5680 0.6804 0.9785 0.2199 0.6383 0.0471 

126 0.9702 0.9154 0.9407 0.7419 0.0548 0.9533 
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8ummary of a multiple regression analysis using data averaged 

over the last five sessions of each condition from experiment six. 

B 

8100 

8101 

8102 

8103 

Constant 

8100 

8101 

8102 

8103 

F-Ratio 

8100 

8101 

8102 

8103 

R-Squared 

8100 

8101 

8102 

8103 

Procedure 1 
REINF. SIGNAL 

1.053 

0.361 0.647 

0.905 -0.005 

1.157 

-0.041 

-0.017 

-0.060 

0.006 

864.132 

636.622 

708.603 

26542.603 

0.996 

0.998 0.998 

0.999 0.986 

0.999 

K>DEL 4 

Procedure 2 Procedure 3 
REINF. SIGNAL REINF. SIGNAL 

. .... _-
Experiment six data 

17.792 0.052 0.769 -2.386 

-29.196 0.927 1. 314 -8.175 

6.299 0.473 0.497 -0.436 

-8.911 0.641 0.595 -4.016 

-0.092 0.996 

-0.068 2.918 

0.007 0.373 

-0.065 1.582 

126.892 27.493 

108.881 90.215 

39.879 57.503 

60.029 1838.576 

0.992 0.928 0.965 0.787 

0.991 0.952 0.989 0.893 

0.976 0.973 0.983 0.902 

0.984 0.961 0.999 0.678 



B 

121 

122 

123 

125 

126 

TABLE 4~7 (b) 361 
Summary of a multiple regression analysis using data averaged 

over the last five sessions of each condition from McCarthy 

and Davison (1979). 
r-DDEL 4 

Procedure 1 Procedure 2 Procedure 3 
HEINF. SIGNAL HEINF. SIGNAL HEINF. SIGNAL 

McCarthy and Davison (1979) 

2.765 -1.053 -8.831 0.866 0.100 0.565 

0.467 0.709 -2.579 0.843 0.009 -0.520 

0.791 0.470 17.088 0.919 0.146 -2.747 

-0.329 1.205 -2.353 0.768 0.084 -1.381 

2.621 -1.211 4.313 0.358 

Constant 

121 -0.004 0.079 0.069 

122 -0.020 -0.011 0.524 

123 -0.038 -0.116 0.306 

125 0.033 -0.111 0.816 

126 -0.055 -0.119 

F-Ratio 

121 665.186 59.747 30.421 

122 3583.041 122.050 < 1 

123 1525.016 160.351 < 1 

125 490.846 417.034 < 1 

126 55.694 32.118 

R-Squared. 

121 0.989 0_998 0.984 0.976 0.968 0.012 

122 0.999 0.999 0.992 0.991 0.036 0.044 

123 0.999 0.998 0.994 0.956 0.339 0.002 

125 0.998 0.998 0.998 0.984 0.416 0.197 

126 0.982 0.933 0.970 0.954 
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The statistic of most importance in this analysis is 

R-squared. R-squared measures.the proportion of total 

variation about the mean of Y, response allocation 

variability, explained by the least-squares linear regression. 

It can be experessed as a percentage by multiplying by 100. 

What then does Table 4-6 tell us about R-squared? It can 

be seen that all models adequately account for changes in 

response allocation in procedure 1 of both data sets and 

procedure 3 of our data set. There is little difference in 

the R-squared values of the models with over 90% of the 

variance in response allocation being accounted for by the 

linear regressions. In contrast, the models differ markedly 

when fitted to the procedure 2 data of both sets and all 

models fail to adequately account for the McCarthy and 

Davison (1979) procedure 3 data. It is clear in procedure 2 

of both data sets the stimulus context model accounts for 

more of the variance in response allocation than the other 

two models. In Table 4-7, it can be seen that a multiple 

regression model accounts for the variance in Y about as 

well as the stimulus context model, thus indicating the 

co~bination of signal presentation ratio and obtained 

reinforcement ratio provides the best fit to the obtained 

data. I therefore argue, of the three linear regression 

models the stimulus context model provides the best overall 

fit to the obtained data while also being more theoretically 

parsimonious than the multiple regression model. 

Since this experiment was a replication of McCarthy 

and Davison (1979), the points of agreement and disagreement 

between the two sets of data are summarized below. The 

McCarthy and Davison (1979) analysis,that discriminability 



remained constant across the obtained reinforcement ratios 

during procedure 1, was supported by both their 

data and the present experiment. Also predicted was that 

response bias would vary across the obtained reinforcement 

ratios. Again, both sets of da supported this analysis. 
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During procedure 2 McCarthy and son (1979) reported that 

the slopes from a least-squares ear regression in 81 were 

not significantly different from the slopes in 82. In 

comparison, the present experiment r ed that the slopes 

in 81 were significantly less in comparison to slopes in 82. 

Whereas McCarthy and Davison (1979) reported no significant 

changes in discriminability and response bias during procedure 

2 as the log signal presentation ra 0 varied, the present 

riment revealed that discriminabi ty and response bias 

si i can y decreased as the log si presentation ratio 

increased. During procedure }, the opes om the least-

res ear regression in 81 were not si cantly 

di erent from the slopes in 82, a re t r icating McCarthy 

and son (1979). Reported changes in response sand 

no chan s in discriminability across reinforcement ratios 

during procedure 3 were also consistent with McCarthy and 

Davison (1979). 

Implications for the McCarthy and Davison Position 

Change in reinforcement sensitivity between procedures. 

McCarthy and Davison (1979) reported a decrement in the 

value of ar1 and ar2 from 0.88 to 0.81 in procedure 1 to 0.27 



and 0.38 in procedure 3. They argued this could be due to 

differences in the scheduling of reinforcements in the two 

procedures, from using a VR-3 schedule on all correct 

responses in procedure 1 to the use of two non-independent 

VI schedules on correct left and right key responding in 

procedure 3. In contrast we found no decrement in ar1 and 

ar2 in procedure 1 (0.498 and 0.767) to procedure 3 (0.767 
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to 0.770). In procedure 1 of our study all correct responses 

were reinforced, (FR-1 schedule,) while in procedure 3 

reinforcement occurred as a result of the joint operation 

of a V1-30 second schedlue and a mixed sequence of events 

programmed by a stepper. While there are procedural 

differences in the programming of reinforcers in the two 

studies, my results would seem to indicate that the McCarthy 

and Davison (1979) explanation for the decrement in 

reinforcement sensitivity between procedure 1 and 3 of their 

study to be tenuous given our failure to find such a decrement 

also using different reinforcement schedules to programme 

reinforcers. 

Reinforcement Sensitivity Assumption. 

The research findings reported in this study revealed 

ar1 did not equal ar2 for 3 our of 4 subjects in procedure 1, 

while ar1 equalled ar2 for all subjects during procedure 3. 

In developing the point estimate of discriminab ity, 

McCarthy and Davison (1979) assumed, as did Davison and Tustin 

(1978) that ar1 equalled ar2 and therefore: 

log d = 0.5 [log (Pw/Px) - log (py/Pz)] (15) 

a point-estimate of lod d which is independent of the 

reinforcement ratio. However, when ar1 does not equal ar2 the 
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point estimate of log d becomes: 

log d = 0.5 [log (Pw/Px) - log (Py/Pz)-(ar1 - ar2 ) 

log (Rw/Rz)] (16) 

where log d is to some. extent dependent on the reinforcement 

ratio. McCarthy and Davison (1982) reported that ar1 > 

ar2 during a mult (conc FR1 Ext) (conc Ext FR1) procedure 

but ar1 = ar2 during mult (conc v1-60 sec Ext) (Conc Ext 

v1-60 sec) and signal detection procedures. It remains for 

future research to elucidate the necessary and sufficient 

conditions for ar1 to equal ar2 or the interpretation of 

data will have a post hoc character about it. 

Obtained Reinforcement Ratio as the only effective biaser 

in Signal Detection Performance. 

McCarthy and Davison (1979) reported no significant 

change in response bias when signal presentation probability 

varied while the obtained reinforcement ratio remained 

constant over correct responses to S1 and S2. This lead 

them to conclude: 

Changes in response bias were a function of 

variations in the relative reinforcement ratio 

for the choice responses and not a function of 

variations in the probability of stimulus 

presentation. (p. 373). 

Our results indicated that variations in signal presentation 

probability alone was sufficient to produce systematic 

changes in response bias. However, this finding was not 

obtained in another.replication of the McCarthy and Davison 

(1979) experiment by Farmer (1983). Whereas McCarthy and 

Davison systematically varied the relative reinforcement 

ratio for the choice responses, Farmer (1983) varied another 
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parameter of reinforcement, ty, (mixed grain versus 

oats as reinforcers). Farmer (1983), as did McCarthy and 

Davison (1979), reported that response bias varied as a 

function of reinforcement conditions (relative reinforce

ment ratio versus reinforcer quality), but not as a function 

of gnal presentation probability. early, both results 

are disagreement with the response bias findings o£ the 

present experiment. Why response bias changed as a function 

of SPP in the present experiment is unknown.. I have proposed 

that variations in response bias are a j.oint function of 

obtained reinforcement ratio and si 

probability, and have provided a quan 

presentation 

tive model to 

account for the relationship of behavioural allocation to 

s mulus and reinforcement variables. Another explanation 

is so possible. It is conceivable t per se, did 

not produce changes in response bias but rather another 

factor that was an artefact of the experimental design, 

namely, r forcement density (Commons, 1981). In the 

present erimental procedure trial duration was experimenter 

determined and set at 5 seconds in the absence of responding. 

In condition 10 with SPP = 0.1, a controlled reinforcement 

procedure, 1 10 trials was a signal plus noise trial. 

If a reinforcer for a hit response was set up, the subject 

had one opportunity in ten of collecting this r nforcer. 

If the subject missed this opportunity, by not responding 

on the gnal plus noise trial or making a miss response, 

then the subject would have to wait another, on average, ten 

trials, before the next opportunity to co ect. the reinforcer 

arrived. Clearly, reinforcement den.sity would be lower at 

extreme values of SPP. Also reinforcement density would be 
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expected to differ more gr between the procedures in 

the present experiment 

(1979) and Farmer (1983). 

no time constraints on 

comparison to McCarthy and Davison 

This is because these studies had 

duration, therefore a subject 

would only miss an opportunity to pick up a reinforcer at 

extreme SPP values by incorrectly responding, whereas in 

the present experiment. there were two ways to miss a 

reinforcer: non responding or incorrect responding during 

a signal plus noise trial. Analysis of Table 4-2 suggests 

reinforcement density did vary across conditions during 

procedure 2. It is therefore poss e that reinforcement 

density, rather than.SPP, may have produced the changes in 

response bias obtained in procedure 2. s explanation 

cation by will, however, have to await empirical veri 

direct manipulation of reinforcement density 

detection paradigm. 

a signal 

Changes in Discriminability as a function of Signal 

Presentation Probability. 

McCarthy and Davison (1979) reported that discriminability 

remained variant in response to changes in both signal 

presentation probability and relative reinforcement ratio. 

s was interpreted as support for the Davi.son and Tustin 

(1978) matching model of signal detection performance. Both 

the present experiment and Farmer (1983) reported changes 

discriminability as a function of changes in signal 

presentation probability. In discussing the implications of 

her research to the matching model analysis of signal 

d ection theory, Farmer (1983) made. the following 

observa ons: 
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1. She states that McCarthy and Davisons' (1979) procedure 

may be inappropriate to assess the subject's signal 

detection performance. Spec cally in their procedure there 

are no consequences for delay between pressing the center 

key and pressing one of the side keys. Farmer (1983) argued 

that this represented a procedural tion from the forced 

choice procedure typically used in signal detection research 

(Green & Swets, 1966). While this observation might apply 

to the McCarthy and Davison (1979) procedure it seems less 

applicable to the present experiment, where every trial had 

a maximum duration of 5 sec. and ,failure to respond had the 

consequences of delaying reinforcement delivery. 

2. Given that both McCarthy and Davison (197~ and Farmer 

(1983) had used easily discriminable stimuli, Farmer (198J) 

considered it was somewhat surprising to ,find both studies 

yielded only moderate estimates of discriminability, and 

proposed that the complex response task resulted in errors 

because of long delays between center key and de key 

responses. While the present experiment controlled for 

delays between trial onset and offset, the estimates of 

discriminability obtained here were equivalent to those 

reported by McCarthy and Davison (1979) and Farmer (1983). 

Pos bly the stimuli used in the present experiment were not 

as discriminable to the subjects as those of the other two 

studies, resulting in an overall similar absolute value of 

estimates of discriminability across all studies. 

3. The typical discrete-trial signal detection response 

task, as used by McCarthy and Davison (1979) and Logue (1983), 

involves the presentation of easily discriminable stimuli 



over long periods of time. Farmer (1983) argued that this 

also represents a procedural deviation from the typical 
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signal detection task as defined by signal detection theory. 

As stated earlier,. si gnal det ect.ion theory ·a s sum es that the 

noise and signal plus noise dist.ributions overlap and are 

Gausstan wi th the distance between their means di vided by 

the standard deviation of either distribution giving a 

measure of discriminability. However, in animal signal 

detection experiments. a subjects .inherent bias to respond 

left rather than right, or differences in effort required to 

perform the appropriate responses, could produce distributions 

that are no longer Gaussian, thus violating an assumption 

of signal detection theory. 

4. Farmer (1983) believed the high standard error of the 

estimate (SEE) associated with the fitted regression lines 

for responding in S1 and S2 obtained by McCarthy and Davison 

(1979) and Farmer (1983) suggests that the matching model is 

not an accurate .model of signal detection performance. The 

average SEEs for the regression lines in procedures 1, 2 and 

3 of the McCarthy and Davison (1979) experiment are (mean 

SEE = 0.300, 0.404, and 0.331, respectively); for the 

Farmer (1983) experiment SEE = 0.387, 0.455, and 0.415, 

respectively; for the present experiment SEE = 0.251, 

0.246, and 0.229, respectively. Clearly, in all experiments 

relatively high SEEs were obtained, with the present experiment 

having the lowest average SEEs. 

In summary, the resu.l ts of the present experiment suggest 

the possibility that response bias is a joint function of 

the obtained reinforcement ratio and the signal presentation 

probability, while the results of the present experiment and 
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those of Farmer (1983) su st discriminability is a function 

of the way in which the s mu are programmed (signal 

presentation probability) as as their physical properties. 

Recently, Logue (1983), suggested that a signal detection 

theory analysis was more approp te for assessing changes 

in discriminability, while the matching model interpretation 

of signal detection performance was more appropriate for 

assessing the contribution o.f the.r tive reinforcement 

frequency. Whatever the resolution of s controversy, it 

seems the results of the present experiment, and those of 

other researchers (Farmer, 1983; Nevin, et ., 1982; 

Nevin & MacWilliams, 1983) question the interpre tion of 

generalized matching law models of signal detec on 

performance. 

Critique of Experiment Six. 

A shorter version of the present experiment was 

presented as a conference paper (Kirk & Blampied, 1982), which 

was subsequently critiqued by Dianne McCarthy of Auckland 

University (McCarthy, 1982). The main issue raised by 

McCarthy was change in log d across experimental 

procedures and is presented here with my rejoinder. 

McCarthy noted that log d systematically decreased from 

procedure 1 to procedure 3 with the decrease being statisti-

y significant (McCarthy's analysis). Quite clearly, as 

the independent variables known to affect discriminability 

were not manipulated in experiment six, log d should have 

rema ed invariant across all experimental procedures. How 

might this change in log d be explained? McCarthy proposed 

that the changes in log d across procedures simply reflect 
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an art~fact of inadequate stimulus control. That is, 

extraneous background laboratory noises confounded the 

stimulus discrimina on performance of the auditory 

discrimination task resulting in. the subj ects being 

differentially sensitive to the frequency of accurrence of 

the tone plus noise and noise-alone stimuli. The extraneous 

background noises were interpreted by the subjects as 

representing the tone plus noise stimulus during the 

presentation of noise-alone stimuli, resul in decreased 

discrimination performance. According to McCarthy, the 

extraneous background noises exerted their ence because 

of inadequate soundproofing of the experimental cubicles. 

In reply, I consider that the McCarthy anal~sis does not 

explain sufficiently the changes in log d across exp mental 

procedures. It was noted that the changes log d were 

systematic, decreaSing from procedure 1 to procedure 3. 

This change appears to represent the influence of an orderly 

process. If this is indeed the case, then the extraneous 

noise explanation would have to be orderly across procedures, 

that is, systematically increase from procedure 1 to procedure 

3. This, however, seems unlikely. I failed to note any 

audible increase in the laboratory noises across procedures. 

Indeed, the experimental chambers were placed sound 

attenuating chests, which in turn were housed in a small, 

carpeted room with the door closed during experimentatiDn, 

wi th the extraneous l.a:bora tory 11.oi ses being minima.l. Given 

the above, the extraneous noise explanation of the change 

log d result seem unlikely, although replication of 

experiment six by directly manipulating extraneous noise 

lev s across procedures or using light intensity as the 
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stimuli could test the validity of this explanation. 

An alternative explanation of the decrease in 

discriminability is that it represents a maturational effect. 

That is, as the subjects' aged there was corresponding 

deterioration in their sensory capacity. This is only 

tentative and it remains to be shown whether the difference 

in the age of the subject from procedure 1 to 3 was 

sufficiently great to produce decrements in sensory acuity. 

This explanation could be tested by matching the subject's 

ages across the experimental procedures or alternatively, 

by systematically investigating the effect of age of the 

subject on stimulus discrimination performance. To my 

knowledge this research is .yet to,be conducted. 

While it is not known why discriminability varied across 

experimental procedures in experiment six, two possible 

explanations have been presented to account for this finding. 



Diazepam and Propranolol: Effects on a 

Auditory Discrimination Task - Signal 

Detection Analysis 

Introduction 

Experiment six focused on the production and analysis 

of independent discriminability and response bias measures 

derived from a matching model interpretation of signal 

detection theory (SDT). Such paramet c research dominated 

research into the matching model interpretation of signal 

detection theory. Another focus of att on in signal 
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detection research outside the operant tra tion has been the 

application of SDT~o a number of di erent areas of 

psychological study. In particular researchers have used a 

signal detection analysis to investigate the ects of 

hallucigens (Dykstra & Appel, 1974; Nielson & Appel, 1983); 

analgesics (Genovese & Dykstra, 1984; Koek & gen, 1983); 

stimulants (McMillan & Wenger, 1984; Robbins & Iversen, 1973); 

anticholinergics (Milar, 1981; Warburton & Brawn, 1971, 

1972) and depressants (Francis & Cooper, 1979; Tye et al., 

1977) on performance in discrimination tasks. Assessment 

of shock discrimination (Grilly & Genovese, 1979) and decision 

proeesses in the nervous system (Kettner & Thompson, 1982; 

Kettner et al., 1980) and the measurement of pain (Rollman, 

1977; Chapman, 1977; Grilly, 1980; Lloyd and Appel, 1976) 

have so been brought under. the umbrella of signal detection 

analysis. Grossberg and Grant (1978) recently suggested 

tha tsignal detection methods caild profitability be applied 



to-research conducted in the following clinical areas of 

pain, fear, drugs and medical decision making. Indeed, a 

start has been made in the directions suggested by Grossberg 

and Grant (1978)~ In the present study this research. 

orientation is continued with analysis of drug action, by 

signal detection methods, in experiment seven. 
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Drug action can affect a number of behavioural processes 

including acquisition and extinction (Stolerman, 1971; Heise 

& Lilie, 1970) and perceptual processes (Jarvik, 1970; 

Dykstra & Appel, 1974). The behavioural effects of drug 

administration may result from drug-induced changes in 

stimulus discrimination (Thompson, 1978) or drug-induced 

changes in response-rate (Robbins & Iversen, 1973). It is 

possible that the behavioural baseline used to assess drug 

action could confound drug-induced changes in stimulua 

discriminability with drug-induced changes in response-rate 

(Kelleher & Morse, 1968). In such situations it is difficult 

to determine whether the. drug was acting on stimulus 

discriminability or response rate, leading a researcher to draw 

possibly inaccurate conclusions regarding drug action. 

Cl early, si gnal detection methods .offer a solution to thi s 

problem by providing measures which assess drug-induced. 

changes in stimulus discriminability independently of drug

induced changes in response-rate. 

The experiments reported in this chapter formed part 

one of a proposed three part. research programme. Part one 

consisted of the establishment of a signal detection procedure 

(experiment six) and analysis of drug effects on a signal 

detection behavioural baseline (experiment seven). Part 

two of this research programme investigat~d the effects of 
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superimposing a Pavlovian. fear conditioning procedure upon 

ongoing signal detection responding. Part three of this 

programme was to investigate the effects of anxiolytic drugs 

upon the combined Pavlovian fear conditioning and signal 

detection procedure. Parts one and two of this programme 

were completed while part three was not. Only part one of 

this programme is reported in the present study as the results 

of part two were less promising than expected. 

The purpose of the present experiment is to investigate 

the benzodiazepine, diazepam, and a beta blocking agent, 

propranolol, using signal detection performance within a 

discrete trials choice discrimination procedure as the 

behavioural baseline. Following the experimental method used 

in experiment six, it was decided to manipulate response bias 

while keeping stimulus discriminability constant across the 

experimental conditions of experiment seven. 

Assessment of signal detection performance was conducted 

with measures. derived from both a matching model interpretation 

of the signal detection theory and traditional signal 

detection theory. Stimulus discriminability was assessed 

by the point estimate of discriminability measure, log d, 

used in experiment six, and by two nonparametric measures, A' 

(Grier, 1971) and S1 (Fry & Colliver, 1973). Response bias 

was assessed by the point estimate of response bias, log.b, 

used in experiment six, and by two ,nonparametric measures, 

B" (Grier, 1971) and R1 (Frey & Colliver, 1973). 

The nonparametric response bias measure, B", (Grier, 

1971), is calculated as follows: 

B" = 
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where Y = the probability of a hit response 

x = the probability of a false alarm 

The values of B" can range from -1.0 to 1.0. When B" 

< 0, this represents a bias to respond on the right lever 

(hit); when B" = 0, this represents no response bias tendency; 

and when B" > 0, this represents a bias to respond on the 

left lever (correct rejection). Frey and Colliver (1973) 

stated that B" measured perceptual bias rather than general 

response bias, that is, it measured the amount of " s ignalness" 

required before a subject would respond on a given trial. 

This constraint with B", the possibility that B" becomes more 

"insensitive" to changes in response biasasGrier's (1971) 

measure of stimulus sensitivity (AI) decreases (Koek & 

Slangen,1983), and the finding that B" varies significantly 

with increasing sensitivity shown by the subject (Dykstra 

& Appel, 1974; Robbins & Iversen, 1973), suggests that B" as 

a response bias measure should be interpreted with some 

caution. 

In response to these problems with the use of B", Frey 

and Colliver (1973) derived a responsitivity index (RI) which 

they proposed represented a general response bias (responsivity) 

measure and was more appropriate as a response bias measure 

in discrimination learning situations in comparison to B". 

The responsivity index is calculated as follows: 

RI = Y + X - 1 
1 - (Y_X)2 (2 ) 

where Yand X are as stated in equation 1. 

Grier (1971) also derived a sens~tivity measure, AI, which 

is calculated as follows: 



A' = ~ + 
2 (Y-X)(1+Y-X) 

4Y(1-X) 

where X and yare as stated equation 1. When A' = 0.5~ 

the subject is failing to discriminate between the two 

stimuli (no sensitivity), whereas at A' = 1.0, the subject 

is perfectly discriminat g between the stimuli. Finally, 

Frey and Colliver (1973) dev oped,a sensitivity measure, 

the sensitivity index (S1), which was independent of the R1 

index, and is calculated as follows: 

Y-X 
S1 == 

2(Y+X)-( 

where X and Yare as stated in equation 1. 
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These measures were used the present experiment for purposes 

bf comparison, following the results of experiment six, and 

the suggestion by Logue (1983) that a measure such as Grier 

A I is more e ent assessing stimulus discriminability 

in comparison to a matching model derived measure. 

Method 

Sub,~ ects 

ght randomly bred Wistar albino rats from the Psychology 

Department's breeding colony served as subjects. They were 

maintain at approximately 80% of their ee- eding body 

weights (x 347 g.). Subjects received a measured quantity 

of food per day but had ad. lib. access to water. Other 

maintenance procedures were identical to those of previous 

experiments. 

Apparatus 

The apparatus was the same as that outlined in experiment 



six. 

Procedure 

The experimental design consisted of five consecutive 

phases as follows: 
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Phase 1: Responseshapin~ and auditory discrimination training. 

Lever press response shaping was conducted using the . 

successive approximations procedure.. The auditory 

discrimination training procedure focused on preventing lever 

preference and giving subjects experience of sampling 

reinforcement from each lever~ This phase began on session 

one and continued until session seventeen. 

Phase 2: Signal detectinn baseline. 

The signal detection procedure adopted here followed 

the same procedure as outlined in experiment six. For cage 

3 subjects (R3, B3, G3 and W3) the relative reinforcement 

ratio was set at 0.5, that is, SRP = 0.5, (0.5 (V1 - 30) 

- 0.5 (V1 - 30)), an equal distribution of reinforcements 

was programmed across right (.hit) and left (correct rejection) 

responses. For cage 4 subjects R4and B4, SRP = 0.2, (0.2 

(V1 - 30) - 0.8 (V1 - 30)), that is, reinforcements were 

probabilistically arranged so that the ratio of scheduled 

reinforcers was four to one for correct rejections to hits. 

A controlled reinforcement procedure was used (refer to 

procedures 2 and 3 of experiment six)i~ For all subjects the 

signal presentation probability (SPP) was set at SPP = 0.5, 

that is, on half the trials the auditory tone signal was 

present (a S1 trial) and on half it was absent (a S2 trial). 

The SPP remained unchanged throughout all subsequent.phases 

of the experiment. Thus, sensitivity or discriminability was 
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not directly manipulated. P se 2 began on session 18 

and finished on session 49. 

Phase 3: Further signal detecti.on baseline training. 

The only procedural change between phases 2 and 3 was 

the SRP value for cage 3 subjects was changed from SRP = 0.5 

to SRP = 0.4 (R3 and B3 subjects), SRP = 0.6 (G3 and W3 

subjects). These changes remained until session 105 when for 

R3 and B3 subjects SRP changed from SRP = 0.4 to SRP = 0.6; 

and for G3 and W3 subjects SRP changed from SRP = 0.6 to 

SRP = 0.4. This change on session 105 was due to experimental 

error, and went unnoticed for a few sessions, at which point 

it was decided to continue with the chan SRP values. 

Skinner (1956) in discussing his unformalised ciples of 

s entific practice noted some benefits have been gained from 

unintentional changes to the experimental procedure that 

would have otherwise not taken place.. In the presen.t 

e eriment,response bias, the criterion, was rectly 

manipulated by having two subjects each re onding at one 

of four fferent relative reinforcement frequency ratios, 

SRP 0.2, 0.4, 0.6 and 0.8. Phase 3 began on session 50 and 

finished on session 75_ 

Phase 4: Drug effects on signal detect.ion performance. 

s phase can be conceptualized as an extension to the 

A-B-A reversal design (Hersen & Barlow, 1976). The design 

can be tten as follows: 

A- A-B1 -A-0-A-01 , 

where A no drug, signal detection baseline responding 

B drug 1,dose x, in the present experiment, 

1 mg/kg diazepam 

B1 drug 1, dose y, 2.0 or 1.5 mg/kg diazepam 



C = drug 2, dose x, 15 mg/kg propranolol 

C
1 

= drug 2, dose y, 5 mg/kg propranolol 
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The drug administration schedule is presented in Table 4-8. 

Drug administration was conducted prior to signal detection 

sessions 80,85,90,95,100,105,110 and 115; thereby 

providing four interpolated drug-free signal detection sessions 

between drug sessions. This allowed time for excretion of 

the drug from the body before the next .drug administration 

day and helped prevent carry-over effects from one drug day 

to the next. Also, it gave subjects four sessions to return 

to signal detection baseline performance thereby making 

comparisons between drug administrations more meaningful. 

On the day of session 80. four subjects (R3, G3, R4 and G4) 

were selected for the drug condition and injected with 1 mg/kg 

diazepam. The other four subjects (B3, W3, B4 and W4) were 

injected with an equivalent volume 0.9% saline solution as 

a control injection and drug dose~ All injections were i.p. 

(into the intraperitoneal cavity of the subject), administered 

in a volume of 1 ml/kg, 20 minutes before the start of the 

signal detection session. On the next drug assessment day, 

the injection conditions were reversed,. with those subjects 

previously assigned to the drug condition being assigned to 

the saline control condition and visa versa. Thus, each 

subject alternated between assignment to the drug and saline 

conditions throughout the experiment (refer Table 4-8). Prior 

to signal detection session 85, B3 and B4 received 2 mg/kg 

diazepam injections which produced a marked debilitative 

effect on behaviour. This probably reflected the sedative 

action of diazepam at this dosage in this experimental 

situation. Given this effect, W3 and W4 were administered 
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TABLE 4-8 

The drug administration schedule across subjects and signal 

detection sessions. 

Subj ect 

a 

b 

c 

d 

e 

f 

R3 

B3 

G3 

W3 

R4 

B4 

G4 

W4 

D1 

S 

D2 

D1 .5 

P15 

P5 

= 

= 

= 

= 

= 

= 

80 

S 

D1 

S 

D1 

S 

First Sequence 
(Sessions) 

85 

S 

S 

D1 .5 d 

S 

D2 

S 

D1. 5 

90 

S 

P15 

S 

P15 

S 

P15 

S 

1 mg/kg diaz€pam 

Drug Administration 

95 

S 

P5 f 

S 

P5 

S 

P5 

S 

P5 

100 

D1 

S 

D1 

S 

D1 

S 

D1 

S 

Replication 
(Sessions) 

105 

S 

D1. 5 

S 

D1. 5 

S 

D1. 5 

S 

D1. 5 

110 

P15 

S 

P15 

S 

P15 

S 

P15 

S 

equivalent volume 0.9% saline control dose 

2 mg/kg diazepam 

1 .5 mg/kg diazepam 

1 5 mg/kg propranolol 

5 mg/kg propranolol 

115 

S 

P5 

S 

P5 

S 

P5 

S 

P5 
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1.5 mg/kg diazepam to decrease the sedative action of diazepam. 

Prior to session 90, R3, R4, G3 and G4 were administered, 

15 mg/kg propranolol. On all drug administration days, one 

subject responding at SRP = 0~2, 0.4, 0.6 or 0.8 was 

assigned to the drug condition while the other subject was 

assigned to the saline cont-rol condition. This procedure 

permitted direct drug assessment (drug versus control) at 

each SRP condition. Phase 4 began on session 76 and ended 

on session 95. 

Phase 5: Drug effects on signal detection.performance - A 

replication. 

Phase 5 of the experiment represents a direct replication 

of phase 4, using the same subjects and drug manipulations 

as encountered during phase 4 (refer to Table 4-8 ). This 

phase was conducted to establish the reliability of. the 

findings of phase 4 (Hersen & Barlow, 1976; Sidman, 1960). 

Phase 5 began on session 96 and ended on session 119. 

Results and Discussion 

As briefly mentioned in the introduction of the present 

experiment, three measures of response bias and stimulQs 

discriminability (sensitivity) were used·to assess drug 

effects on signal detection performance. The derivation of 

the matching model point estimates of response bias, log b 

(equation 10, experiment six) and discriminability, log d 

(equation 8, experiment six) has already been discussed 

in experiment six. 

As an aid in the interpretation of drug effects on. 

signal detection performance, Grilly (1981) provided the 

following rule of thumb: 



If a drug decreases the "hits" ••• while concomitantly 

" increasing the tendency to make "false alarms . .. , 
the interpretation is that signal sensitivity alone 

is decreased. If the drug decrea,ses "hi ts" while 

concomitantly decreasing "false alarms," a shift 

in response bias is suggested. If "hits" decline 

while the "false alarm" rate remains unchanged, a 

decrease in signal sensitivity and shift in response 

bias is suggested. (p~ 1883). 

During a number of sessions subjects performed the 

discrimination task with few, if any, errors, that is, no 

false alarms or misses. Under circumstances of zero false 

alarms or misses the point of estimates of discriminability, 

log d, and response bias,. log b, become indeterminate 

(McCarthy, 1983). This result together with having only one 

data point (one session) in each drug treatment phase of the 

experiment, suggested that use of statistical procedures 

maybe inappropriate for the analysis of the results of the 

present experiment. The use of statistical procedures in 

383 

single subject designs is fraught with much controversy 

(Baer, 1977; Kazdin, 1976), with some researchers supporting 

statistical analyses (Jones, et ala, 1977) and others de-

emphasizing such procedures in favour of a visual analysis of 

the data (Parsonson & Baer, 1978). The position taken here 

is to use the visual analysis of data technique (ParsonsQn, 

1984) to interpret the results .of the present experiment, 

supplemented by the results of the replication of the drug 

treatment phase of the experiment. 

The results of particular interest oce those from phases 

4 and 5 of the experiment.. A summary of signal detection 

responding for each subject across drug sessions is presented 

in Table 4-9. As can be seen from Table 4-9 drug induced 
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The number of responses emitted on S1 and S2 trials and the number of reinforcements obtained. 

The data are from the drug sessions. 

Responses Responses Reinforcements No response trials 
in S1 in S2 

Session Condition Subj ect Hit Miss False Correct Right Left Right Left Total 
( R) (L) Alarm Reiection 

(R) L) 

80 D1 R3 18 8 2 21 14 10 65 67 132 
C B3 68 10 16 60 46 30 17 20 37 
D1 G3 55 27 8 77 33 50 8 6 14 
C W3 67 31 17 80 36 53 3 4 12 
D1 R4 48 39 3 87 20 79 9 3 12 
C B4 46 34 9 83 17 68 23 7 30 
D1 G4 100 5 5 84 87 21 6 23 29 
C W4 90 3 5 69 74 18 2 20 22 

85 C R3 47 18 20 37 29 19 20 28 48 
D2 B3 0 0 0 0 0 0 89 89 178 
C G3 32 35 9 59 19 29 20 18 38 
D1 .5 W3 63 22 8 75 36 53 1 2 3 
C R4 44 20 1 85 18 75 25 3 28 
D2 B4 0 0 0 0 0 0 90 90 180 
C G4 85 2 2 61 71 18 25 26 
D1. 5 W4 89 4 53 74 18 36 37 

90 P15 R3 0 0 0 0 0 0 84 83 167 
C B3 68 17 6 76 55 36 3 6 9 
P15 G3 11 1 5 11 21 5 8 61 54 115 
c W3 45 25 13 56 25 37 15 16 31 

,Pi5 R4 28 36 7 64 13 49 28 15 43 
C B4 40 38 7 78 16 65 16 6 22 
P15 G4 0 0 0 0 0 0 90 86 176 
C W4 85 4 9 55 73 18 2 29 31 

95 C R3 63 14 11 61 45 29 9 14 23 
P5 B3 54 10 5 52 36 23 25 32 57 
C G3 54 27 9 70 31 46 5 6 11 
P5 W3 53 34 11 77 32 49 3 3 6 
C R4 41 19 0 84 17 71 28 5 33 
P5 B4 32 33 5 70 13 51 28 18 46 
C G4 83 5 8 64 73 18 2 17 19 
P5 W4 87 7 14 48 77 19 4 34 38 
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Responses Responses Reinforcements No response trials 
in S1 in S2 

Session Condition Subj ect Hit Miss False Correct Right Left Right Left Total 
( R) ( L) Alarm ection 

( R) L) 

100 D1 R3 42 5 6 38 30 20 39 41 80 
C B3 90 20 16 95 n 47 7 5 12 
D1 G3 55 27 10 69 34 50 6 7 13 
C W3 57 29 7 75 35 53 2 5 7 
D1 R4 31 20 2 55 11 44 36 29 65 
C B4 52 55 6 108 22 89 20 11 31 
D1 G4 82 2 6 60 66 17 2 21 23 
C W4 85 4 5 50 73 18 1 35 36 

105 C R3 71 23 9 79 36 54 3 8 11 

D1. 5 B3 71 17 3 87 40 61 2 0 2 

c G3 63 25 26 62 46 30 2 2 4 
D1.5 W3 78 10 6 80 62 41 0 0 0 
C R4 53 30 2 101 23 93 22 0 22 

D1. 5 B4 25 31 4 62 10 43 35 25 60 
C G4 92 2 5 69 75 18 0 19 19 
D1. 5 W4 33 10 13 22 23 5 48 57 105 

110 P15 R3 0 0 0 0 0 0 83 83 166 
C B3 53 29 9 76 31 47 3 0 3 
P15 G3 46 25 34 43 36 24 15 8 23 
C W3 74 14 14 73 58 39 0 0 0 

P15 R4 52 30 2 80 17 67 7 3 10 
c B4 39 30 8 71 14 57 18 7 25 
P15 G4 1 0 1 1 88 88 176 
C W4 82 3 4 59 71 18 3 24 27 

115 C R3 55 32 0 85 34 53 1 2 3 
P5 B3 40 40 8 64 22 34 5 13 18 

c G3 75 14 20 68 58 38 2 

P5 W3 75 11 15 69 56 37 2 3 
C R4 47 23 5 85 18 73 20 1 21 

P5 B4 33 40 5 76 16 63 19 5 24 
C G4 92 0 3 60 75 18 1 31 32 
P5 W4 79 8 8 55 64 16 2 24 26 
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response suppression occurred during session 85 for B3 and B4 

subjects following administration of 2 mg/kg diazepam and 

during sessions 90 and 115 for R3 and G4 subjects following 

administration of 15 mg/kg propranolol. Because point 

estimates of log b and log d are indeterminate when zero 

values for hits, misses, false alarms or correct rejections 

are recorded (McCarthy, 1983), these data were deleted from 

the computation of the signal detection measures. Although 

the non parametric indices can be computed with zero scores, 

they begin to fluctuate between. extreme values .at near perfect 

discrimination. For example, when p(FA) = 0.0, BII = 1.00, 

but if p (hit) = 0.0, B" = -1.00. In practice this difference 

.could represent the situation, where in one session the 

subject makes 1 miss response and no false alarms (B" = 1 .00). 

While in another session the subject makes 1 false alarm 

response and no misses (B" = -1.0). Although the response 

bias measure has changed dramatically the,subject's performance 

has changed very little. For this reason, the non parametric 

indices were excluded from, the analysis whBn the, subject 

failed to emit a false alarm or miss during any sessions. 

Discriminability - (Sensitivity) 

Baseline sessions. 

As discriminability or stimulus sensitivity was not 

directly manipulated in the present experiment it is expected 

that the sensitivity measures, log d, Grier AI, and SI, should 

remain relatively invariant across the signal detection 

baseline sessions. These sensitivity measures are plotted 

across baseline and drug sessions during phases 4 and 5 for 
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each subject in gure 4-10. spection of Figure 4-10 

reveals that there are no systematic changes in the 

sensitivity measures across bas e (A) sessions, although 

the log d measure showed more between session variability 

in comparison to the non param c indices, A' and SI. Also, 

there seems to be no systematic varia on. the sen tivity 

measures as a function of the relative reinforcement ratio. 

Table 4-10 presents a summary of the sen tivity measures 

for each subject from the last baseline gnal detection 

session before each drug session. It can be seen that the 

sensitivity measures, log d and SI, but not A', are ghtly 

higher, reflecting greater discriminability by the subjects, 

at the extreme relative reinforcement ratios of 0.2 and 0.8 

in comparison to the 0.4 and 0.6 relative reinforcement. ra GS. 

This may reflect inter-subject variability in discrimination 

learning and performance rather than being a function of the 

value of the relative reinforcement ratio, because log d 

subject B3 (SRP = 0.6 / 0.4), R4 (SRP = 0.2) and W4 (SRP 0.8) 

are very similar indicating similar discrimination performance 

between these subjects at the different relative reinforcement 

ratios. Taken together the results for the baseline signal 

detection sessions confirm the previous findings (McCarthy 

& Davison, 1979; Farmer, 1983) and those of experiment six 

of present study that changes in discriminability -

sensi vity measures are not a function of the relative 

r forcement ratio. 

The sensitivity measures for each drug condition across 

the r tive reinforcement ratio (SRP) conditions are 
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TABLE 4-10 

A summary of sensitivity measures for eaoh subjeot from the last baseline signal deteotion 

session before each drug session. 

Last baseline session before each drug session 

Sensitivity 
Measures SRP Subj ec t 79 84 89 94 99 104 109 114 

0.6/.4 R3 0.69 0.74 0.55 0.76 0.64 1.22 0.66 0.62 
log d B3 0.97 1.02 1 .01 1.06 0.94 1.03 0.93 0.81 

0.4/0.6 G3 0.41 0.45 0.60 0.41 0.42 0.39 0.87 0.69 
W3 0.56 0.64 0.58 0.58 0.86 0.44 0.60 0.87 

0.2 R4 1.06 1.16 1.25 1.15 0.94 
B4 0.32 0.65 0.66 0.76 0.74 0.82 0.62 0.53 

0.8 G4 1.53 1.69 1. 58 1.36 1.65 1. 38 1. 05 1. 36 
\</4 1.12 0.89 0.98 1. 05 1.27 0.99 0.85 1.07 

Grier A' 0.6/.4 R3 0.90 0.91 0.86 0.91 0.88 0.96 0.88 0.87 
B3 0.94 0.95 0.95 0.95 0.94 0.95 0.91 0.89 

0.4/.6 G3 0.80 0.81 0.87 0.80 0.81 0.80 0.93 0.90 
W3 0.85 0.88 0.86 0.86 0.93 0.82 0.87 0.93 

0.2 R4 0.90 0.92 0.94 0.92 0.92 
B4 0.74 0.86 0.87 0.88 0.88 0.89 0.86 0.94 

0.8 G4 0.98 0.99 0.98 0.98 0.99 0.98 0.96 0.98 
W4 0.95 0.93 0.94 0.95 0.97 0.95 0.93 0.95 

SI 0.6/.4 R3 0.66 0.69 0.56 0.70 0.62 0.87 0.62 0.61 
B3 0.80 0.83 0.82 0.83 0.79 0.83 0.71 0.67 

0.4/.6 G3 0.44 0.47 0.59 0.44 0.44 0.42 0.76 0.66 
W3 0.55 0.61 0.58 0.57 0.74 0.46 0.60 0.76 

0.2 R4 0.70 0.76 0.81 0.75 0.75 
B4 0.34 0.59 0.61 0.64 0.63 0.66 0.58 0.53 

0.8 G4 0.92 0.96 0.93 0.91 0.95 0.92 0.83 0.91 
W4 0.83 0.76 0.80 0.82 0.88 0.81 0.74 0.82 
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summarized in Table 4-11. Subjects injected with 1.0 or 1.5 

mg/kg diazepam were substantially identical to saline controls 

in discriminating between the stimuli, in both the first 

sequence drug administration and the replication injections. 

This finding is further illustrated in Figure 4-11, with the 

data points representing the probability of making a hit, 

(that is, responding on the right lever in the presence of 

the signal) as a function of the probability of making a 

false alarm, (that ispresponse on the right lever in the 

presence of noise alone). The major diagonal on Figure 4-11 

represents chance performance or the no discriminability -

sensitivity level of performance, where AI = 0.5 and log d 

= O. As the data points diverge away from the major diagonal 

towards the top left-hand corner, discriminability - sensitivity 

increases, with points plotted near this corner of the figure 

representing near perfect discrimination. The minor diagonal, 

or no-bias, zero-bias line, represents performance with no 

bias to respond left or right. 

Data points falling above and to the right of the minor 

diagonal represent a right-lever bias, that is, a bias to 

respond yes the signal is. present; and data points falling 

below and to the left represent a left-lever bias, that is, 

a bias to respond no the signal is absent.. Figure 4-11 shows 

there is little difference in discriminability and sensitivity 

between the diazepam. treated subjects and saline controla. 

The data point at the intersection of the diagonals represents, 

for illustrative purposes, the two 2.0 mg/kg diazepam 

treated subjects who failed to respond. The results of the 

replication are essentially the same as those for the first 

drug administrations. 
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TABLE 4-11 

A summary of sensitivity measures for each drug condition across the relative reinforcement 

ratio conditions. 

First Sequence Replication 

SRP SRP 

Drug Sen si ti vi ty Treatment 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 
Measures 

Diazepam 
(1 mg/kg) log d drug 0.78 0.65 0.69 1.26 0.81 0.57 0.86 1. 31 

saline 0.55 0.50 0.70 1. 31 0.61 0.66 0.71 1.16 

Grier AI drug 0.87 0.87 0.88 0.97 0.88 0.86 0.93 0.97 
saline 0.84 0.84 0.90 0.97 0.84 0.88 0.90 0.96 

S1 drug 0.63 0.61 0.64 0.90 0.66 0.58 0.76 0.89 
saline 0.53 0.52 0.67 0.90 0.55 0.62 0.67 0.87 

Diazepam 
(1.5/2 mg/kg) log d drug 0.71 1. 54 0.55 1. 04 1 .01 0.37 

saline 1.14 0.39 0.34 1. 56 0.97 0.72 0.39 1. 40 

Grier AI drug 0.90 0.98 0.82 0.94 0.95 0.79 
saline 0.92 0.78 0.77 0.99 0.90 0.90 0.80 0.98 

S1 drug 0.66 0.92 0.51 0.79 0.82 0.40 
saline 0.74 0.41 0.37 0.94 0.70 0.69 0.42 0.91 

Propranolol 
(15 mg/kg) log d drug 0.43 0.07 0.92 0.18 

saline 0.53 0.44 0.85 1. 06 0.53 0.59 0.72 1 .30 

Grier AI drug 0.79 0.58 0.90 0.67 
saline 0.83 0.82 0.92 0.95 0.83 0.86 0.90 0.97 

S1 drug 0.43 0.08 0.69 0.21 
saline 0.51 0.47 0.74 0.82 0.52 0.58 0.68 0.90 

Propranolol 
(5 mg/kg) log d drug 0.57 0.52 0.87 0.81 0.55 0.45 0.75 0.92 

saline 0.60 0.70 1. 06 0.77 0.63 

Grier AI drug 0.83 0.84 0.93 0.91 0.82 0.80 0.91 0.94 
saline 0.86 0.90 0.95 0.89 0.88 

S1 drug 0.53 0.52 0.76 0.72 0.51 0.46 0.69 0.78 
saline 0.58 0.67 0.83 0.66 0.62 



FIGURE 4-11 
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Signal detection performance acr·oss diazepam -

1st sequence (top panel) and replication (bottom panel) drug 

sessions, with diazepam 1mg/kg (¥), diazepam 1.5mg/kg or 

2.0mg/kg (iVl) and saline (0, ) conditions. 
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Propranolol, on the other hand, produced a dose-dependent 

effect on discriminability and sensitivity. Propranolol at 

5 mg/kg, like diazepam, fa ed to produce any systematic 

changes in the measures of discriminability and sensitivity 

in comparison to saline controls. However, 15 mg/kg 

propranolol produced a substan reduction in the level of 

scriminability of the stimuli. The discriminability and 

sensitivity measures for the propranolol drug sessions are 

summarized in Table 4-11. Apart from R4, whose log d, At and 

score were similar to the saline controls, all other 

propranolol 15 mg/kg produced lower scriminabilityand 

sensitivity scores or failed to respond at all. However, 

R4's scriminability score did show a dramatic decrease in 

compa son to the previous baseline session (see Figure 4-10). 

gure 4-12 further illustrates the e cts of propranolol 

upon gnal detection performance. It is clear that the 

15 mg/kg propranolol data points are closest to the major 

diagonal (no sensitivity line) in comparison to all other 

subjects, while the 5 mg/kg propranolol data points fall at 

intermediate positions between the saline controls and 15 mg/kg 

propranolol treated subjects. 

In summary, 1.0 or 1.5 mg/kg doses of 

to substantially alter any of the discrim 

epamfailed 

ty-seusitivity 

measures, whereas the. 15 mg/kg dose of propranolol 

substantially decreased sensitivity in d ection 

performance. The 5 mg/kg dose of propranolol had no effect 

on sensitivity. 
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FIGURE 4-12 Signal detection performance across propranolol -

1st sequence (top panel) and r ication (bottom panel) drug 

sessions, with propranolol 5mg/kg (¥), propranolol. 15mg/kg 

(If) and saline (0, D) conditions. 
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Response Bias 

Baseline Sessions 

Response bias, the tendency to respond left or right 

remained relatively constant for each subject across sessions, 

but varied between subjects as a function of the relative 

reinforcement ratio. This can be seen in F,igure 4-13 which 

plots the response bias measures across sessions for each 

subject. While the log band RI response bias measures 

remained relatively invariant across baseline sessions, the 

Grier Bn index showed a reasonable amount of variation across 

baseline sessions, indicating that this measure may be 

unsuitable as a response bias measure in reversal 

experimental designs like the present experiment. Table 4-12 

summarizes the response bias indices for each subject across 

the last baseline signal detection. session before each. drug 

session. It can be seen from Table 4-12 that subjects 

generally made more right lever responses in the presence 

of the signal, that is, hits and false alarms, when the 

relative reinforcement ratio was 0.6 or 0.8, in comparison 

to subjects responding with the relative reinforcement ratio 

set at 0.2 or 0.4. Conversely, subjects in the 0.2 or 0.4 

relative reinforcement ratio conditions generally made more 

left lever responses in the absence of the signal, correct 

rejections and misses, in comparison with subjects.in the 

0.6 or 0.8 relative reinforcement ratio conditiGns. With 

the signal presentation probability set. at 0.5, that is, half 

the trials are signal and half noise, the response bias 

tendencies shown by the subjects reflects control of response 

allocation by the relative reinforcement ratio rather than 
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A summary of response bias measures for each subject from the last baseline signal detection 

session before each drug session. 

Last baseline session before each drug session 

Response 
bias measures SRP Subject 79 84 89 94 99 104 109 114 

.6/.4 R3 0.10 0.07 -0.06 0.07 -0.16 -0.31 -0.27 -0.19 
B3 0.17 0.05 -0.05 0.19 0.11 -0.11 -0.62 -0.55 

.4/.6 G3 -0.14 -0.29 -0.28 -0.28 -0.16 -0.08 0.17 0.09 
log b W3 -0.27 -0.27 -0.25 -0.30 -0.22 -0.05 0.01 0.06 

.2 R4 -0.87 -0.77 -0.69 -0.80 -0.46 
B4 -0.60 -0.50 -0.43 -0.54 -0.54 -0.60 -0.43 -0.32 

.8 G4 0.40 0.25 0.34 -0.17 0.32 -0.13 0.07 0.10 
W4 0.35 0.21 0.22 0.27 0.35 0.05 0.21 0.27 

.6/.4 R3 -0.15 -0.12 0.08 -0.11 -0.18 0.55 0.37 0.26 
B3 -0.31 -0.10 0.10 -0.36 0.13 0.21 0.78 0.70 

.4/.6 G3 0.14 0.30 0.36 0.28 -0.19 0.07 -0.29 -0.13 
W3 0.33 0.36 0.32 0.38 -0.24 0.05 -0.02 -0.11 

Grier B" .2 R4 0.91 0.90 0.88 -0.55 0.67 
B4 0.40 0.60 0.54 0.67 -0.49 0.74 0.52 0.35 

.8 G4 -0.70 -0.49 -0.63 0.35 0.31 0.26 -0.13 -0.21 
W4 -0.59 -0.35 -0.39 -0.47 0.34 -0.10 -0.34 -0.48 

.6/.4 R3 0.11 0.09 -0.07 0.08 -0.18 -0.31 -0.29 -0.21 
B3 0.19 0.06 -0.06 0.21 0.13 -0.12 -0.52 -0.49 

.4/.6 G3 -0.16 -0.32 -0.30 -0.31 -0.19 -0.09 0.19 0.10 
RI W3 -0.29 -0.29 -0.27 -0.32 -0.24 -0.05 0.14 0.07 

.2 R4 -0.59 -0.54 -0.51 -0.55 -0.43 
B4 -0.58 -0.48 -0.43 -0.49 .;.0.49 -0.52 -0.43 -0.32 

.8 G4 0.37 0.26 0.33 -0.19 0.31 -0.14 0.08 0.11 
W4 0.34 0.23 0.24 0.28 0.34 0.06 0.23 0.29 



control by the signal presentation probability. This again 

confirms this finding previously reported by McCarthy and 

Davison (1979) and Farmer (1983) and also reported in 

procedure 3 of experiment six of the present study. 

Drug Sessions 
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The response bias indices for each drug condition across 

the relative reinforcement ratio (SRP) conditions are 

summarized in Table 4-13. 

The effect of 1 mg/kg or 1.5 mg/kg diazepam on signal 

detection performance was to shift responding towards 

reporting the absence of the signal, that is, towards making 

more correct rejections and misses, in comparison to the 

saline controls or the diazepam treated subjects' baseline 

signal detection performance. This can be seen. in Table 

4-13, with the 1mg/kg dose diazepam treated subjects 

generally having larger negative value scores ,for the log b 

and RI indices, and higher positive value Bn scores, in 

compari son to salin e con troIs (s ee also Fi gure 4,-13). However, 

this shift in response bias by 1 mg/kg diazepam treated 

subjects needs to be interpreted ,with some caution because 

of differences between the first drug administration sessions 

and the replication sessions (see Table 4-13). <AlsQ~ Figure 

4-11 showes that just as many saline control,s showed a left

lever bias during the diazepam,drug sessions in comparison 

to diazepam treated subjects. It is possible that diazepam 

further enhanced an already present response bias to respond 

on the left-lever in some subjects, but not in other subjects, 

with the effect not being very robust or reliable. 

Francis and Cooper (1979) used a discrimination 
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A summary of response bias measures for each condi tion across the relative reinforcement 

ratio conditions. 

Drug Administration 

First Sequence Replication 

SRP SRP 

Drug Response Trea tment 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 
bias measures 

Diazepam 
(1 mg7kg) log b drug -0.69 -0.34 -0.33 0.04 -0.62 -0.26 0.06 0.31 

saline -0.42 -0.17 0.13 0.17 -0.64 -0.37 -0.06 0.16 

Grier BIf drug 0.77 0.44 0.46 -0.08 0.75 0.33 0.07 -0.56 
saline 0.47 0.20 -0.20 -0.34 0.67 0.48 0.09 -0.32 

RI drug -0.57 -0.35 -0.35 0.04 -0.53 -0.29 0.07 0.31 
saline -0.42 -0.19 0.15 0.19 -0.57 -0.38 -0.07 0.18 

Diazepam 
(1.5/2 mg/kg) log b drug - 0.26 0.41 -0.64 -0.42 -0.12 0.14 

saline -0.79 -0.43 0.07 0.07 -0.73 -0.23 0.01 0.26 

Grier B" drug 0.37 -0.71 0.62 0.66 0.22 -0.13 
saline 0.90 0.37 -0.06 -0.16 0.85 0.34 -0.01 -0.50 

RI drug -0.28 0.38 -0.58 0.40 -0.13 0.16 
saline -0.55 -0.44 0.09 0.08 -0.56 -0.25 0.01 0.27 

Propranolol 
(15 mg/kg) log b drug -0.53 -0.21 -0.68 0.08 

saline -0.51 -0.19 -0.25 0.27 -0.42 -0.33 0.00 0.13 

Grier· E" drug 0.50 0.04 0.81 -0.04 
saline 0.53 0.20 0.40 -0.48 0.46 0.41 0.00 -0.27 

RI drug -0.52 -0.23 -0.54 0.09 
saline -0.50 -0.21 -0.27 0.28 -0.42 -0.35 0.00 0.15 

Propranolol 
(5 mg/kg) log b drug -0.58 -0.33 -0.14 0.28 -0.63 -0.45 0.08 0.08 

saline -0.29 -0.04 0.16 -0.46 0.10 

Grier B" drug 0.60 0.37 0.24 -0.43 0.62 0.43 -0.14 -0.14 
saline 0.37 0.07 -0.30 0.62 -0.14 

RI drug -0.54 -0.35 -0.16 0.30 -0.57 -0.46 0.10 0.09 
saline -0.32 -0.05 0.18 -0.44 0.11 



422 

procedure whereby rats were trained to presa a lever in 

presence of a white light-pan discriminative stimulus which 

resulted in delivery of a food pellet reinforcer. The 

stimulus was presented on a V1-15 seoond schedule, with 

postponement of stimulus ons a response occurred in. the 

9 seconds of the interstimulus interval. The 

benzodiazepine, chlordiazepoxide (CDP), was found to increase 

the rate of responding at a 5 mg/kg dose, but decrease the 

rate of responding. at a dose of 10 mg/kg. This result is 

consistent with previous research investigating the effects 

of C on responding maintained by a differential reinforcement 

of low rate (DRL) schedule (Dantzer, 1977). It also. supports 

the view proposed by Margules and. Stein (1969) that 

banziodiazepines produce response disinhibition. Francis 

and Cooper (1979) defined a hit as a lever press within 

3 seconds of stimulus onset, and a false alarm as a. lBver 

press in the 3 seconds prior to stimulus onset. They reported 

that the non parametric rBsponse bias index, B", was. less 

than zero following 5 mg/kg CDP, but not 10 mg/kg CDP. That 

is, 5 mg/kg CDP resulted in a change in the re onse criterion 

towards reporting the signal.. This was interpreted. as 

reflecting the response disinhibition action of CDP in. 

decreasing the response criterion, which occurred independently 

of stimulus sensitivity. Indeed, chlordiazepoxide had no 

effect upon stimulus sensitivity which remained invariant 

across dose lev s. In the present experiment thBre was no 

change the response criterion, that is, a tendeney to 

report the si following diazepam administration. This 

is illustrated in re 4-11, with there being no . 

substantial di ence in the position of the diazepam data 
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points relative to the. control data points. If diazepam 

had increased the tendency. to report the presence of the 

signal, then the diazepam data points would have been further 

above and to the right of the minor diagonal of Figure 4-11. 

It seems that the most simonous explanation for the 

difference between the Franci$ and Cooper (1~79) result and 

the present experiment is .the di renee in procedure between 

the experiments. Francis and Cooper (1979) did not reinforce 

correct rejections, indeed, they failed to define the 

conditions that determined a correct rejection and miss 

response. In r procedure, a false alarm produced a delay 

to reinforcement, an a versi ve c.onsequence., while in the 

present exp 

other than t 

procedure p 

ent, a false alarm produced no consequences 

1 termination. The Francis and Cooper (1979) 

tted direct assessment .of the benzodiazepine 

effect on responding (during the stimulus presentation) and 

non responding (during the interstimulus interval) which was 

particularly pertinent to the evaluation of the response 

dis bition action of the benzodiazepines. The procedure 

used the present experiment was not particularly suited 

for such an analysis. Modification of the signal detection 

procedure used in the present experiment to allow evaluation 

of the response disinhibition properties of diazepam would 

require the subject to refrain from lever-pressing during, 

say, the absence of the s.igna1.(a 82 trial). That is, with 

only one lever in operation, during a signal trial (81 trial), 

responding on the lever is defined as a hit (produces 

r forcement) and non responding is de ed as a miss 

(produces trial termination). During a noise trial (.82 trial), 

a correct rejection is defined as a non-re onse during the 



trial producing reinforcer delivery, while a.lever press 

constitutes a false alarm and terminates the trial. This 

type of procedure has been termed a go - no go procedure 

(Heise, 1975) and would permit assessment using a signal 

detection analysis of the response disinhibition properties 

of benzodiazepines .• 
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Both dose levels of propranolol (5 mg/kg and 15 mg/kg) 

failed to produce changes in response bias. On all response 

bias indices propranolol treated subjects were indistinguish

able from saline controls (refer Table 4-13 and Figure 4-12). 

Clearly, propranolol administration did not affect the 

subjects! response criterion during signal detection 

discrimination performance in comparison to saline controls. 

General Discussion 

A major purpose of the present experiment was to assess 

the value of the signal detection procedure as a method for 

the characterization of drug effects on discrimination 

performance. The performance of subjects in the present 

experiment was consistent with the. matching medel analysis 

of signal detection theory. Response bias changes in the 

predicted direction were obtained by exposing subjects to 

different relatiVe reinforcement ratios (refer to Figure 

4-13). In contrast to the traditional analysis derived from 

signal detection theory, the signal presentation probability 

had no effect on response bias, as SPP remained constant 

throughout the experiment, but response bias varied across 

relative reinforcement ratios. This result demonstrated that 

the signal detection procedure is sensitive to manipulation 

in reinforcement parameters and environmental contingencies. 
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That is, clear changes in discrimination performance were 

observable with manipulation of environmental contingencies. 

An advantage of a signal detection analysis is that it permits 

independent assessment of drug effects on discrimination 

processes (stimulus input) and decision processes (response 

output), (Appel & Dykstra, 1977). 

In the present experiment both diazepam and propranolol 

failed to affect decision processes, (response bias), in 

discrimination performance. In contrast, discrimination 

processes, (sensitivity), were .attenuated by 15 mg/kg 

propranolol but unaffected by diazepam. This decrease in 

sensitivity mediated by 15 mg/kg propranolol raises a number 

of issues regarding the central vs peripheral site of action 

of the beta-blockers. 

Turner (1977) in a review article, concluded that beta

blockers had no affect on either cognitive function. or motor 

coordination. This conclusion, together with other reports 

that the beta-blockers failed to affect centrally mediated 

functions, such as the flicker-fusion threshold (Ogle & 

Turner, 1974; Ogle et al&, 1976; Turner & Hedges,. 1973), 

lead researchers to propose that the site of anxiolytic 

action of the beta-blockers was primarily, if not solely, 

due to peripheral beta-receptor blockade. (Granville-Grossman, 

1974). The results from the present experiment challenge 

this position. Some researchers. ha.ve proposed that propranolol 

can produce sedative effects in animals (Leszkovszky. & Tardos, 

1965; Brainbridge & Greenwood, 1971) , although this finding 

has not been replicated with human subjects (Dunleavy, et al., 

1971). In the present experiment, complete response 

cessation followed administration of 15 mg/kg propranolol in 
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2 of the 4 subjects, with considerable response inhibition 

occurring in the other 2 subjects. This propranolol

mediated affect on discriminant-responding and motor behaviour 

output was replicated and confirms the possibility that 

moderate to high doses of propranolol can produce a sedative 

action via the central uences of the drug. However, this 

affect could have alsa resulted from another psychopharmaco

logical action of propranolol, for example, the disabling 

affect may have been mediated by a dras c decrease in blood 

pressure and its ramifications following propranolol 

administration. 

The design of the present experiment ,was insensitive to 

the direct assessment, of those pos es, so they must 

be treated with some caution. Further experimenta on is 

necessary to examine the mechanisms and ctors which 

produced the response disabling affects of 15 mg/kg 

propranolol reported in the present experiment. 

The attentuation of sensitivity (an increase error 

rate) following 15 mg/kg propranolol administration suggests 

a central site of action for this drug, an explanation which 

is further supported by an absence of change in the 

sen ty indices following 5 mg/kg propranolol. This 

result confirms the findings and interpretation of propranolol 

ac on offered in experiment six, namely, with increasing 

dose level (concentration) there is a carresponding increase 

in the central influences of propranolol. Also, the failure 

of diazepam to affect discrimination processes in comparison 

to 15 mg/kg propranolol ,which did, suggests distinct and 

different modes of actions for the benzodiazepine and beta

blocking drug compounds. 
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Further evidence suggesting central nervous system 

activity by propranolol is the report that propranoloL 

produced memory impairment in human subjects (Solomon, 1980). 

This finding has yet to be replicated. Recently, the signal 

detection procedure used in the present experiment has been 

modified to allow direct assessment of short-term memory 

processes (Harnett, et al., 1984; McCarthy & White, in press). 

Thus, using a modified signal detection procedure, replication 

of the Solomon (1980) study is possible. 

In the present study three separate indices of 

sensitivity (log d, AI, and SI) and response bias (log b, 

B" and RI) were used for compa.rative purposes in the 

assessment of an auditory discrimination response task. 

Consistent results were obtained between all sensitivity 

measures with the matching law derived measure, log d, being 

more variable across sessions in comparison to the 

nonparametric indices derived from signal detection theory, 

AI and SI. Similarly, the response bias measures produced 

consistent results, however, the nonparametric indices of 

response bias, B" and RI, were more variable between sessions 

in comparison to the matching law derived measure, log b. 

With high sensitivity (high discrimination accuraci), small 

changes in hits and false alarm responses results in large 

shifts in the absolute value of BU. Therefore this index 

needs to be interpreted with some caution. Indeed this has 

lead some researchers to develop alternative nonpararnetric 

response bias indices, such as, the probability (yes response)/ 

probability (no response) measure (Milar, 1981) and the 

"probabili ty of response repeti tion" measure (Koek &. Slangen, 

1983). With respect to the applicability of the matching 



law measures in comparison to non parametric indices of 

sensitivity and response bias in assessing discrimination 

performance, Logue (1983) concluded: 

a signal detection analysis is more efficient for 

examining changes in the difficulty of a 

discrimination, whereas a matching law analysis 

is more effective for examining the effects of 

changes in relative reinforcer frequency. (p. 107). 

The results of the present experiment confirm the 

conclusion voiced by Logue (1983) when extended to analysis 

of drug affects on a signal detection response task. 
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CHAPTER FIVE 

Summary, Conclusions and Directions for 

Future Research 
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This thesis has reviewed the historical development and 

theoretical analyses .of the avoidance learning paradi 

One conclusion from this review was that the modifi two-

process theory seemed most adequately to account for the 

empirical research. It was noted, however, that two-process 

theory is not free from criticisms (see, Hineline, 1984; 

Pear & Eldridge, 1984). These c ticisms, mainly from 

theorists within the experimental analysis of behaviour 

tradition, relate to the necessity to invoke media onal 

variables, such as, conditioned fear and anxiety, to in 

avoidance behaviour and to empiri results which seem 

conflict with predictions derived from two-process theory. 

These criticisms were addressed in this thesis.in a way which 

resulted in the development of a modi ed two-process theory 

of avoidance learning (chapter two). One maj~r advanta 

for maintaining a mediational two-process analysis is that 

it permits meaningful extrapolation from the infrahuman 

research literature on methods for hastening the elimination 

of avoidance behaviour to the human research literature on 

treatments designed to eliminate fear motivated human 

neurotic behaviours (see Mavissakalian& Barlow, 1981). 

Procedural and parametric manipulations of RP treatment 

together with the theoretical accounts of the response 

prevention treatment technique were reviewed. Again no one 

theoretical account explained all of the RP treatment results 

reported in the literature. It seems probable that RP 
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treatment effects occur through the mediation and interaction 

of more than one process, e.g •. , through Pavlovian fear 

extinction, changes in cognitive expectancies, and the 

development of a competing responses or relaxational responses. 

The magnitude of effect on avoidance behaviour of these 

processes can vary for anyone response and also across. 

behavioural responses (cf. the extinction of jump-up responding 

versus one-way or two-way shuttle avoidance responding). The 

exposition developed in chapter two was an attempt to account 

for the complexity of RP treatment effects on the hastening 

of the elimination of avoidance behaviour, and by extrapolation, 

the elimination of fear motivated human neurotic behaviours, 

The focus of the research, presented in experiments one 

to four, was to assess the value and applicability of the 

escape-from-fear paradigm and passive avoidance, using 

approach assessment methods, as sensitive baselines to 

measure (i) conditioned fear and avoidance behaviour, (ii) 

response prevention treatment effects and (iii) the anxiolytic 

properties of the benzodiazepine and beta-adrenergic blocking 

drug compounds. 

While escape-from-fear performance was established. in 

experiment one, it was found to be insensitive to RP treatment 

manipulations. It was concluded that the failure to obtain 

a significant RP treatment effect was the result of using a 

short duration of non-reinforced CS exposure during the RP 

treatment session. This was interpreted within the framework 

of an incubation effect, with the results and parameters 

used in experiment one supporting the memory reactivation 

model account of the incubation effect. (Gordon, et al., 1979) 

while being incompatible with Eysenck's (1968) original 



analysis of the.incubation effect. It is suggested that 

future research should examine replication of experiment 
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one with (i) an increased cumulative duration of non-reinforced 

OS exposure during the RP treatment session, and (ii). the 

presence of nonfearful conspeci cs during RP treatment, which 

was shown to increase the efficacy of RP treatment in 

experiment three. 

Experiment two investigated two parametric varia ons 

of the RP treatment procedure, namely, its durat~on. (1 hr. vs 

2 hr.) and its presentation (mass vs distributed). Approach 

assessment measures were used to assess the effects of the 

RP treatments upon avoidance behaviour. It was reported, as 

expected, that increasing the duration of RP treatmsnt 

correspondin y produced an increase the efficacy of 

in facilitating the extinction of conditioned fear and 

avoidance. s finding is compat~ble with the mod~fied 

two-process theory presented in this thesis. Massed,RP 

presentation was reported to be superior to distributed RP 

presentation in cilitating condition fear and avoidance 

extinction, a re t supported in the hUman RP treatment 

literature. The results of experiment two were d~scussed in 

the light of the theoretical accounts of avoidance learning 

and RP treatment presented in the introduction to the thesis. 

The approach fear-assessment measures used. in experiment 

two were reported to be particularly sensit~ve to both 

condi tioned fear and avoidance behaviour, as well as the 

effects of the RP treatment procedures., corporated,within 

the experimental design was a one week ow-up sess~on to 

assess the durabi ty over time of the RP treatment ,effects. 

They were found to.be durable, although only a short time 
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interval elapsed between the. end. of extinction testing and 

the follow-up session. The provision of such a follow-up 

assessment is a neglected area of research in the in£rahuman, 

and to a lesser extent, the.human RP treatment literature. 

Recently, Mineka and Keir (1983) incorporated a follow-up 

assessment phase in their .study, but this is the exception 

rather than general practice. Given that follow-up assess-

ment has important implica ons for osure-based behavioural 

treatments of fear motivated human neurotic behaviours., i.e., 

analysis of possible relapse and reinstatemen~ of fear, it is 

emphasized that in the future, researc s should consider 

the use of a follow-up assessment phase their experimental 

design. Such a course of action will enable improvements to 

assessment procedures and. treatment techniques. 

Exp.eriments three and four investigat two ad.juncts 

to the RP treatment procedure, namely, the social 

citation effect - the use of non-fearful conspeci cs 

and the use of drugs. Social facilitation was obtained when 

measured using the time measure, partially obtained with the 

tency measure and.was.not obtained with the approaches 

measure. This result suggested that the indi dual approach 

fear assessment measures were differentially s ve to the 

so facilitation effect. The social facilitation. effect 

was discussed in the light of Zajonic's (1965, 1980) arousal 

hypothesis and the distraction account of Moore, Byers and 

Baron (1981). These accounts of social, facili ta tion together 

with the analysis of the individual fear assessment measures 

present in the general discussion section of chapter two, 

provided the explanatory framework to account for the social 

facilitation result reported in this thesis. 



The research hypotheses stated that protracted RP 

treatment would facilitate the extinction of conditioned 
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fear were supported in this thesis. With use of the approach 

assessment method it was. shown that subjects in the RP 

treatment groups first entered the FC compartment with shorter 

latencies, spent significantly more time in the FC compartment 

and made more approaches into the FC compartment in comparison 

with subjects in the RP treatment control group, RPC 

(experiments two and three). This finding is consistent with 

the majority of studies investigating RP treatment effects 

on the reduction of conditioned fear where conditioned fear 

was assessed either by the persistence of avoidance responding, 

the conditioned suppression procedure or use of approach 

assessment methods (see introduction for a reviewanddiscussion). 

An interesting result was that RP2 (response prevention 

2 hr., experiment two), and.RPT (response prevention 1 hr., 

plus presence of non-fearful conspecific, experiment three), 

subjects spent a statistically equivalent amount of time in 

the FC compartment, made an indistinguishable number of 

approaches into the FC compartment and first entered the FC 

compartment as quickly as the fear conditioning controls, 

PAC. This result indicates that. fear reduction was complete 

following these RP treatments. Since the performance of 

RP2 (response prevention, 2 hr.) and RPT (response prevention 

plus "therapist") subjects was indistinguishable from PAC 

(passive avoidance controls) subjects who had never experienced 

fear conditioning across all. approach assessment measures. 

This highlights the point that in infrahuman analogue research, 

as well as human research, there are a number of importan~ 

variables that determine the degree of fear reduction 



following RP treatment, including the duration of RP 

treatment (RP2 subjects) and. the presence of a nonfearful 

conspecific, "therapist", (RPT subjects). 
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Overall, the present study provided partial support for 

the proposition that anxiolytics will increase the efficacy 

of RP treatment. Whereas propranolol had an efficacious 

effect on RP treatment in redu conditioned fear and 

avoidance responding when assessed by the time measure, it 

had no effect when assessed by the approaches and latency 

measures. Atenolol-assisted RP. treatment was more efficacious 

comparison to saline controls only when assessed by the 

approaches fear-assessment measure. This result must be 

treated with some caution as it was confounded by atenolol 

treated subjects exhibiting an initial higher lev of 

approaches into the FC compartment compa son to other~ 

groups. Diazepam treated RP subjects consistently resembled 

ine controls across all. fear assessment measures. The 

propranolol assisted RP treatment e ct was discu~sedin 

the light of the concepts of courage and essness. (Rachman, 

1978; Cox et ., 1983) and also as possibly representing a 

drug-induced state-dependent effect (Overton, 1968). Further 

research is necessary to determine the adequacy .of these 

explana ons. For example, the possible state-dependent 

effect of propranolol could be examined using the s c 

design for evaluation of state~dependent.learning (Grossman 

& Miller, 1961). 

Recent human research suggests the use of antidepressants 

in the treatment of phobic anxiety and panic attacks needs 

further research. to follow up the initial encouraging results 

(Seehan, 1982; trin, 1981). A relatively new tricyclic 



antidepressant compound, clomipramine, has been especially 

promising (TeIch, et al., 1983), although further research 
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is required to replicate and confirm the efficacy of the 

original research. There is, however, still considerable 

controversy surrounding the mechanism of action. of the 

antidepressants (McNair & Kahn, 1981; Solyom et al., 1981) 

and clinical problems with such treatment, including relapse 

after drug withdrawal and a high dropout rate with the drugs 

used by phobics (Marks, 1982). With respect to the mechanism 

of anxiolytic action of the antidepressants, the modified 

two process theory, with its corollaries, presented in 

chapter two, offers a possible resolution of this controversy. 

The antidepressants, tricyclics and mono-amine-oxidase 

inhibitors, might produce their anxiolytic effect by 

increasing noradrenaline concentration at presynaptic 

noradrenergic receptors. This would produce the concomitant 

effect of inhibiting the locus coe:ruleus-noradrenergic 

system, which has been implicated in the control of eonditioned 

fear and anxiety reactions (Redmond, 1977; Redmond & Huang, 

1979; chapter two of this thesis). This suggestion requires 

empirical verification, but equally importantly, the modified 

two-process theory presented in chapter two is compatible 

with such theorizing and provides.an organizational framework 

for future research. Only with the elucidation of the 

mechanisms of drug action, can new drug compounds be 

synthesized which are more selective in action, safer and 

efficient. 

A recently published study investigating the use of 

both propranolol and diazepam in panic disorder and agoraphobia, 

failed to find an efficacious effect of propranolol in treating 
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these disorders (Noyes et ., 1984), although propranolol 

has been reported to be affac ve, in tr.ea ting episodic rage 

reactions in patients with damage (Rately at al., 1983) 

and partially effective in the initial treatment of spider 

phobics (Katz et al., 1983). Clearly, further research is 

required to establish the therapeutic value of beta-adrenergic 

blockers with research focusing on the effects of beta-blockers 

in blocking the sympathe c discharge associated with panic 

attacks and the use of beta-blockers in association with 

behavioural interven on treatmsnt programmes. Also, future 

research needs to determine the relative effectiveness of 

different classes of drug compounds and behavioural treatments 

in the treatment of fear. motivated human neurotic behaviours. 

For example, conditioned fear is regarded as theoretically 

reflecting a complex construct comprising of behavioural, 

physiological and subjective components, which may covary 

under one set of conditions but not under another. More 

research is required to disentangle the complex relationships 

between these components with a view of isolating how various 

treatments, pharmacological and behavioural, differentially 

affect each component. Given that these components ,may be 

concordan t, 

more than 1 

scordant, synchronous and desynchronous." it is 

ely that each different pattern of relationships 

between the components will require a different treatment 

programme. Such a proposition needs to be verified, but if 

it is, then clinicians .will be able to identify (through 

approp te assessment procedures) the relationships, between 

the components and consequently implement the most, e cacious 

treatment regime for that patient. One possible research 

strategy to adopt in determining the inter-relationships 



between the componentsoi conditioned fear and treatment 

outcome is the use of the within-subject research d~sign 

(Kazdin, 1978). This within-subject design would permit a 

fine grained anal.ysis to be conducted, an attractive .method 

to help resolve the issues sed. above, whose potential is 

rarely used in treatment outcome research~ 

One area of research which has important implications 

for the treatment and understanding of the pharmacological 

basis of fear motivated human neurotic behaviours is the 

search for an endogenous substance that .interacts with the 
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benzodiazepine receptor. This area of research has r~ceived 

new impetus following the discovery of central opiate 

receptor sites and subsequent discovery of endogenous opioid 

substances (Hughes, 1975). At present controversy surrounds 

the possible existence of a benzodiaz e-like endogenous 

ligand. For example, in an editorial in The Lancet (Editor, 

1981), it was proprosed: 

If there are benzodiazepine receptors there must 

be naturally occurring substances the brain 

(endogenous ligands) that are closely related to 

the benzodiazepine receptors and are involved in 

the physiological control of anxiety... (p. 238). 

In compa son, Braestrup and Nielsen (1982) were. more cautious 

regarding the existence of an benzodiazep e- e endogenous 

ligand when they stated: 

The pharmacological effects. of benzodiaz ine 

appear to involve a modulatory action on GABA ergic 

neurotransmission, and if this modulation has 

phys 

funct 

o cal function, which is likely, this 

can be accomplished by other means than 

by the existence of a ligand .for the benzodiazepine 

recognition site. (p. 1033). 



A note of caution. was also sounded by Guidotti (1981): 

None of these candidates. satisf~ the criteria for 

an endogenous neurotransmitter ligand. However, 

this should not be surprising if one considers that 

the stimulation of benzodiazepine receptors fails 

to produce measurable behavioural or biochemical 

action when GABA ergic transmission is normal. 

(p.195). 

To date, several substances have been proposed as candidate 
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endogenous benzodiazepine receptor ligands, namely, the B

carbolines, the purines and nicotinamide (Tallman et al., 1980). 

None of the candidates satisfy all the criteria expected of 

a endogenous ligand, thus, the endogenous ligand, if it exists, 

awaits identification. Further investigation should enable 

the behavioural and pharmacological actions of the 

benzodiazepines and related substances to be effectively 

separated providing the appropriate background for isolating 

drug compounds which are potentially more selective in action, 

safer and more efficient in comparison to those presently 

in use. 

The mode of anxiolytic action of the beta-adrenergic 

blockers, that is, the central vs peripheral controversy, and 

the combined administration of a beta-blocker (propranolol) 

and benzodiazepine (diazepam), was examined in experiment 

five within the context of a conditioned suppression of 

licking paradigm. Although it has been suggested on several 

occasions that considerable therapeutic benefit might be 

achieved by the joint administration of benzodiazepines and 

beta-blockers in the treatment of fear motivated human 

neurotic behaviours, because their anxiolytic effects .are 

believed to result from different modes of action; Only one 

human study (Hallstrom et al., 1981) and one animal study 



(experiment five, the present study) have examined this 

proposition. 
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Hallstrom et al. (1981) reported that the combination 

of diazepam and propranolol was more effective than diazepam 

one, which in turn was more effective than propranolol 

alone, in the treatment of chronic anxiety in out-patients. 

In experiment five of the present study, diazepam and 

propranolol administered jointly produced an anxiolytic 

effect in disinhibiting licking behaviour, although the 

magnitude of the effect was less than expected. Diazepam 

alone was more effective than the combination treatment, which 

in turn was more effective than propranolol alone. Thus, the 

Hallstrom et al. (1981) study was not replicated in this 

experiment. This failure may have been due in part to the 

low dose levels chosen for the diazepam (1 mg/kg) - propranolol 

(5 mg/kg) combination treatment. Higher dose levels of 

diazepam (2 mg/kg) and propranolol (10 mg/kg) showed a. 

comparatively greater anxiolytic effect in disinhibiting 

cking behaviour, a dose-dependent. effect. Thus, these 

higher dose levels if used in the combination treatment may 

have produced an overall greater. anxiolytic effect. A number 

of issues need further consideration in respect of the 

combination treatment. Firstly, a relatively restricted 

range of dose levels were administered in experiment five. 

Further research using a greater range of doses would enable 

a comprehensive dose response function to be generated which 

would establish the optimal dose level for each drug compound. 

Secondly, the clinically effective dose range for propranolol 

in the treatment of human anxiety disorders is 40-320 mg/day 

(Noyes, 1983). Given that only one human study has examined 



the combination treatment procedure, there is a need for 

human cl cal drug trials to establish the most ctive 

dose 1 for benzodiazepines and beta-blockers when 

administered combination. Finally, in experiment ve, 

the dru were administered simultaneously. In some 

situations it might be preferable to administer one drug 

some time before the other, that is, sequentially rather 
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than compound; given that they exhibit their maximum 

behavioural activity at different times. For example, where 

symptoms of anxiety are primarily somatic in nature, it might 

be preferable to administer beta-blo~kers before commencement 

of another treatment intervention. Further research is 

required to assess the clinical applicability of a 

simultaneous combined treatment desi versus a sequentially 

combined treatment design. 

In experiment five, both doses of diazepam, 10 mg/kg 

propranolol and to a lesser extent" the diazepam-propranolol 

combination, produced disinhibition of suppressed water 

licking. That is, diazepam and propranolol exerted an 

anxiolytic e ct while atenolol failed to show.any anxiolytic 

effect. Given that one attribute of conditioned fear is to 

suppress ongoing behavioural activity, Blampied and Kirk 

(1983) proposed t this disabling ct might be due 

primarily to the peripheral. manifestations of conditioned 

fear. The lack of an anxiolytic effect for atenolol and 

5 mg/kg propranolol subjects suggests that the alleviation 

of the peripheral mani stations of conditioned fear, via 

beta-blockade, was insufficient to release suppressed water 

licking. It was proposed that at low doses propranolol's 

anxiolytic action is primarily peripheral beta-blockade, but 
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as the dose (concentration) increases ,there ,is a corresponding 

increase in the centrally mediated influences of propranolnl. 

This interpretation is compatible with the modified two-process 

theory, and its corollaries presented in chapter two. 

Although the ideas expressed, in chapter two receiv,ed support, 

in experiment five, albeit indirectly by observed changes in 

behavioural activity, there is a need for further verification 

by direct assessment methods investigating the possibly 

centrally mediated influences of beta-blockers and other 

anxiolytic agents. This could be achieved through neuro

physiological evaluation of anxiolytic-agents across a range 

of doses focusing attention on the locus coeruleus because 

of its possible important role in the psychobiology of 

conditioned fear and anxiety as outlined in chapter tw@. 

This research would also enable further clarification of the 

central versus peripheral mode of anxiolytic action controversy 

regarding the beta-blocker agents by establishing a wider 

empirical base on the mechanisms o£ anxiolytic action of these 

drugs. 

The final two experiments reported in this, thesis 

reported a rather different approach from the previous five. 

Experiments one to five focused on procedures developed from 

the avoidance learning tradition. The final two experiments 

detailed the. use of a discrete-t.rials,concurrent schedule, 

auditory signal detection procedure, drawn from, the 

experimental analysis of behaviour tradition. 

Experiment six partially replicated McCarthy and 

Davison (1979), using rats as subjects. The 

results were discussed in terms of a number of quantitative 

accounts of signal detection performance and compared with 
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the results of another replication of McCarthy and Davison 

(1979) by Farmer (1983). The sighal detection procedure was 

sensitive to manipulations of the subject's environment and 

provided for the identification of environmentally produced 

changes in signal detection responding. Experiment seven 

was conducted with the view of assessing the value and 

applicability of the matching model analysis versus the 

traditional analysis of signal detection theory as a method 

for the characterization of benzodiazepine and beta-adrenergic 

blocker drug effects on behaviour. .The behavioural effects 

of drug administration may result from drug-induced changes 

in stimulus discrimination or drug-induced changes in response

rate. Signal detection methods provide measures to 

independently assess drug-induced changes in stimulus 

discrimination from drug-induced changes in response-rate. 

The results of drug administration in experiment seven, 

suggested that the signal. detection procedure is useful for 

the characterization of both stimulus (sensory) and response 

(bias) effects of benzodiazepine and beta-adrenergic blocker 

drug action. It was reported that both diazepam and 

propranolol failed to affect decision processes (response. 

bias) in discrimination performance. In contrast, discrimina

tion processes (sensitivity) were atenuated by 15 mg/kg 

propranolol but unaffected by diazepam and 5 mg/kg propranolol. 

This result challenged the proposition that beta-adrenergic 

blockers had no effect on. either cognitive function or motor 

coordination (Turner, 1977). This result suggested that 

propranolol can produce sedative-like effects in animals, 

indicating a central site of action. The. failure of diazepam 

to affect discrimination processes while 15 mg/kg propranolol 
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did, suggests distinct and different modes of. action for the 

benzodiazepine and beta~blDDking agents. While this.finding 

needs replication, research should focus on the use of , 

direct assessment of neuro-physiological methods to further 

elucidate the mechanisms of action of these drug classes. 

An extension of the signal detection experiments 

repo ed here involves the use of the signal detection. 

discrim tion task to assess the ects of conditioned fear 

and anxi y. Preliminary investi ions in our laboratory 

involving the superposition of a classical fear conditioning 

procedure upon an ongoing auditory signal detection procedure 

(cf. conditioned suppression procedure of experiment five) 

proved to be very complex to interpr Following this 

preliminary research, Mr. N.M. Blampied initiated research 

investiga g the effects of conditioned fear on an auditory 

discrimination procedure, a modi ed advance ever procedure 

(Honig et ., 1972). To date the re ts are promising and 

compatible with the modified two process theory presented in 

chapter two. 

In the human literature, the signal detection procedure 

has been applied to. a number of complex behaviours (for 

reviews see, Grossberg & Grant, 1978; Hutchinson, 1981; 

Martin & Ro ra, 1981; Rollman, 1977), although it has been 

applied rarely to the analysis of human anxiety disorders 

(Jaremko, 1980). Given the ability of an signal detection 

analysis to measure stimulus response and reinforcement 

effect. upon behaviour, this procedure warrents further 

consideration in the analysis of human anxiety disorders. 

Typically, human. research using signal d ection methods use 

measures derived from the traditional approach (Green & Swets, 
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1966). Now an alternative method of signal detection analysis 

is available based on pr ciples derived from the experimental 

analysis of behaviour tradition which Nevin (1984) stated: 

••• permits contact with a wide range of 

traditional psychological pro ems, with out the 

necessity of adopting a cogni ve-process account. 

(p. 427). 

While making inferences from animal analogue research 

about fear motivated human neurotic b ours warrants 

caution, the behavioural similarity of the animal analogue 

to anxiety motivated phobic behaviours together with the 

treatment procedures used to eliminate such behaviours merits 

comparison with human clinical research and ctice. The 

response prevention treatment procedure forms the animal 

analogue of Implosive Therapy which has now been exten vely 

used in the treatment of fear motivated human neurotic 

behaviours (Levis & Hare, 1977; Marshall, Gauthier & Gordon, 

1979; Levis, 1980). Exposure based therapies, of which RP 

treatment is one, now form a large part of the research and 

treatment of anxiety motivated phobic behaviour (Lietenberg, 

1976; Mavissakalian & Barlow, 1981) and obsessive-

compul ve neurosis (Foa & Tillmanns, 1980; Sketee, Foa & 

Grayson, 1982). 

ly, of particular relevance to the present study, 

a number of behavioural intervention treatments of fear 

motivated human neurotic behaviours have been an approach 

method to assess conditioned fear. This procedure typically 

measures distance human phobic patients are prepared to 

main in from a o bj ect, such as a live snake. The 

rationale being, the closer the patient is prepared to move 

towards the ed object the less fear he or she has towards 
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the object (Foa, et al., 1977; Frost. & Teghtsoonian, 1982; 

Gauthier & Marshall, 1977; Stone & Borkovek, 1975; 

Teghtsoonian & Frost, 1982; Whitehead, Blackwell & Robinson, 

1978). The results of the present study endorse the use of 

approach methods in conditioned fear and avoidance assessment 

during human clinical research and treatment. 
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