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ABSTRACT

The thesis explored choice behaviour of rats under punishment by a loud 

auditory tone. Eight experiments in the first half of the thesis found and proved 

that the loud auditory stimulus can be used as a positive punisher in an operant 

experiment using rats as subjects. These experiments also found that the leaner 

reinforcement schedule or the shorter length of tone employed, the greater the 

suppressive effect of the tone obtained. It was discussed that these effects may be 

more easily detected using a single-subject or within-subjects design than 

employing a between-subjects design. The second half investigated effects of two 

factors on choice behaviour; deprivation level and type of economy. Deprivation 

level did not clearly affect behaviour suppression or preference shift caused by the 

addition of tone-punishment schedule over a reinforcement-only condition. The 

type of economy, a closed economy and an open economy, generated critical 

differences in choice behaviour in three aspects. First, a closed economy attenuated 

the suppressive effect of tone-punishment. Second, a closed economy generated the 

higher sensitivity to reinforcer allocation for both response and time allocations than 

an open economy did. Third, under an open economy, the sensitivity to reinforcer 

allocation for time allocation was higher than that for response allocation; on the 

contrary, under a closed economy, the sensitivity to reinforcer allocation for 

response allocation was higher than that for time allocation . Regardless the type 

of economy, tone-punishment produced the preference shift towards overmatching. 

Considering a mathematical solution for a parameter of the two models of



punishm ent, it was argued that the additive model of punishment predicts and 

describes choice behaviour more appropriately than the subtractive m odel of 

punishm ent. It was also discussed that time allocation may be the more 

fundamental process of choice behaviour than response allocation.
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Preface

As Mozart's ideas indelibly changed the world of music, so have Skinner's ideas affected 

psychology. Both music and psychology are dynamic activities that are shaped by the people and 

ideas that define them. Continued change is certain in both, but the change will be built on the 

foundations provided by the likes of Mozart and Skinner.

Kennon A Lattal (1992).

Instead of puzzle solving like combining words to fill a plausible, intervening 

gap between a stimulus and a response, 1 wonder what we can do as psychologists 

for the people in the world, where another tragedy such as battle, combat, murder, 

hostility, abuse, suicide, and so on, is reported almost every single day. We should 

explore the most important relationship between a response and an environment, 

which generates the response, and is changed by the response. 1 wish that this 

thesis would contribute to understand human beings, and to solve such problems 

in this way, even though what this thesis can do must be nothing more than making 

a small single step forward. 1 believe that, however, the accumulation of such a 

small step, which might place another piece of paper on the stack whose foundation 

Skinner provided and our colleagues from all over the world have established, will 

eventually lead the fully understanding hum an behaviour, and hum an beings 

themselves.
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CHAPTER 1

Choice behaviour in aversive situations of rats

Three issues occupy a central position in the investigation of choice in 

aversive situations. First is the comparison of the effects of two types of economy 

on choice behaviour in a concurrent (cone) schedule, an open economy and a closed 

economy (Baum, 1972; 1974b; Davison & McCarthy, 1988), along with the effects of 

motivational level on choice under an open economy (Davison & McCarthy, 1988; 

McSweeny, 1975). The second is the exploration of two behavioural measures to 

determ ine which can be considered as more fundamental as an index of choice 

behaviour: response allocation or time allocation (Baum & Rachlin, 1969; Davison, 

1991b; Davison & McCarthy, 1988; Hunter & Davison, 1982). The last issue concerns 

which model of punishment more accurately describes and predicts behaviour in 

aversive choice situations: the additive model (Deluty, 1976; Deluty & Church,
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1978), or the subtractive model (de Villiers, 1980; Farley & Fantino, 1978). In order 

to conduct experiments using an aversive stimulus, a number of issues connected 

w ith the ethics of animal experimentation are thrown up. To overcome possible 

objections concerned with the use of electric shock, the possible substitutability of 

a loud auditory stimulus for an electric shock, which is usually used as a negative 

reinforcer or a positive punisher, will be addressed.

1. Behaviour analysis and its limitation

1.1 Basic assumptions of behaviour analysis

Behaviour analysis emphasises the three-term contingency as a basic strategy 

to consider an organism's behaviour (Catania, 1984; Johnston & Pennypacker, 1993; 

Pierce & Epling, 1995). In any particular circumstance, a response emitted by an 

organism  causes a certain consequence. A response, which causes the same 

consequence, is termed 'an operant', the consequence 'a reinforcer', and the 

circumstance or antecedent situation under which the operant produces the 

reinforcer is called 'a discriminative stimulus'.

An 'operant' is defined by a class of responses which have a particular 

functional relationship with a class of common environmental consequences' 

(Johnston & Pennypacker, 1993). This means that an operant can be defined by 

neither topography nor physiological category. Instead, it emphasises the
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functional relationship between a class of responses (an operant) and a class of 

common results. As "responses operate on the environment to produce an effect, 

this kind of behavioural regulation is called 'operant conditioning' "(Pierce & 

Epling, 1995, p. 5).

Consequences may be either an occurrence of a particular stimulus or an 

event, or a termination of a stimulus or an event. According to the behavioural 

change caused by these processes, either an increment or a decrement in the 

frequency of the operant,, operant conditioning can be categorised into four classes: 

positive/ negative reinforcement and positive/ negative punishment. 

Reinforcement refers to a process leading to an increment in the frequency of the 

operant, whereas punishment refers to a decrement in the operant frequency. The 

terms 'positive' or 'negative' refer the environmental change produced by the 

operant. When some stimulus or event is produced by the operant, the operation 

is termed 'positive'. On the contrary, when some stimulus or event is terminated by 

the operant, it is termed 'negative'.

The stimulus or event that produces the change in frequency of an operant 

is called 'a reinforcer' or 'a punisher'. When the occurrence of a stimulus causes an 

increment in the frequency of the operant, it is called 'a positive reinforcer'; 

whereas, when it causes a decrement in the operant frequency, it is called 'a 

positive punisher'. When the withdrawal of a stimulus causes an increment in the 

frequency of the operant, it is 'a negative reinforcer'; whereas, when it causes a 

decrement in the operant frequency, it is 'a negative punisher'. The positive 

reinforcer, or the negative punisher may be called considered to have an appetitive
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property and the positive punisher or the negative reinforcer to be an aversive or 

noxious stimulus. However, it is not experimentally confirmed if the positive 

reinforcer could be a negative punisher, and if the negative reinforcer could be a 

positive punisher (e.g., Catania, 1991, G.30, G.32). Catania (1991) argued that a 

positive reinforcer or a negative reinforcer, and a positive punisher or a negative 

punisher should be defined independently to each other.

A discriminative stimulus is defined as a stimulus that has acquired the 

function of setting the occasion for a response to occur; that is, behaviour is more 

likely to occur in the presence of a discriminative stimulus than in its absence 

(Johnston & Pennypacker, 1993). In a typical experimental setting, an auditory or 

a visual stimulus is used as a discriminative stimulus. When the cue is present an 

operant will produce a certain outcome; when it is absent the operant does not 

produce the outcome. Such discriminative stimuli are recognised as neutral 

stim uli which, in themselves, do not affect the probability of occurrence of an 

operant. In fact, at first, a discriminative stimulus does not control the probability 

of an operant occurring, but it is the contingency between the operant and its 

consequence that makes the discriminative stimulus effective (e.g.. Pierce & Epling, 

1995).

It is very important in behaviour analysis that these terms can be defined 

operationally. For example, even a stimulus, such as food or water that may be 

considered to have appetitive properties, cannot be called 'a positive reinforcer' 

unless it actually functions to reinforce the operant which produced the stimulus. 

This point introduces a methodological issue between behaviour analysis and so- 

called 'methodological Behaviourism', which will be discussed in Chapter 5.
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The primary aim of the experimental analysis of behaviour is to show that 

certain behavioural contingencies directly and lawfully control an organism's 

behaviour. Such control is summarised in terms of the effects on behaviour of 

schedules of reinforcement (Ferster & Skinner, 1957). Ferster and Skinner (1957) 

reported these effects through many cumulative records of behaviour using many 

schedules and a few rats and pigeons as subjects. They assumed that behavioural 

patterns can be controlled by schedules of reinforcement, and that no critical 

differences between these patterns would be found across species. These 

assumptions were not limited to cross-species comparisons, but also were applied 

to different types of responses, or different reinforcing stimuli selected for 

experimental settings: thus, arbitrariness of species, responses and stimuli were all 

assumed.

1.2 The improvement and limitation of behaviour analysis

Under these assumptions, behaviour analysis has accumulated experimental 

facts not only using rats or pigeons, but also using primates including humans. 

Such research has found that the above assumptions may not necessarily be the 

case. The assumptions of arbitrariness of species, or responses and stimuli have 

been questioned mainly by biological constraints.

For example, restrictions of species-specific response may cause instinctive 

drift during a conditioning process. Breland and Breland (1961) showed that a 

sequence of responses, which was shaped and maintained by a three-term
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reinforcement contingency, was replaced with species-specific appetitive 

responses. Bolles (1969) also demonstrated that it was easier to shape running of 

rats as an avoidance response to an electric shock than to shape rearing or turning. 

This is explained because running is one of the species-specific defence reactions 

in rats, but rearing or turning are not.

The assumption of arbitrariness of stimulus has also been questioned. 

Garcia and Koelling (1966) showed differences in the difficulties of associating two 

stimuli through respondent conditioning. A compound stimulus of a noise and a 

light easily becomes associated with shock, however, it does not easily become 

associated with illness, even though every aspect of experimental procedure was 

identical to the case using shock. On the contrary, when the taste of water was 

used as a conditioned stimulus, the stimulus was easily associated with illness, but 

it was not with shock. These results have been explained by a biological constraint.

These questions of the general process assumptions may not necessarily 

deny the basic strategy of behaviour analysis. It may be that these assumptions are 

not completely solid, however, these examples could be considered as showing 

only some exceptions to, or the limitation of the behaviour analytic view, without 

denying the fundamental validity of the approaches, which are based on the data 

from both the experimental and applied settings.
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2. The Strict Matching Law (SML) as a foundation of the quantitative analysis 

of behaviour

Based on the above basic framework, the quantitative analysis of behaviour 

investigates the relationship between reinforcement/punishment 

magnitudes/rates and response magnitudes /  rates. Herrnstein (1958) first tried to 

describe such a relationship, and reported a linear relationship between reinforcer 

rate and response rate in pigeons. On the basis of such findings, Herrnstein (1961) 

proposed the Matching Law, which has formed the foundation of the quantitative 

analysis of behaviour.

2.1 The Strict Matching Law in a concurrent VI VI schedule

Herrnstein (1961) used pigeons as subjects to investigate the relationship 

betw een reinforcement rate and response rate under concurrent (cone) 

Variable-Interval (VI) VI schedules, in which a response to either of two keys could 

be reinforced by 2-s of mixed grain presentation according to an independent VI 

schedule. Herrnstein (1961) reported that the relative response rate to each 

alternative was dependent on the relative reinforcement rate to the alternatives. 

These results were formulated into the Strict Matching Law (SML) as written 

below.

At first, Herrnstein (1961) assumed Equation 1 because each function 

obtained in these experiments was linear with an intercept of zero:
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p=ke, (1)

where p refers to the absolute rate of key pecks (per hour), e refers to the absolute 

rate of eating (per hour), that is, the rate of reinforcement, and k refers to a constant 

for each subject.

H errnstein (1961) also obtained Equation 2 as a result of a manipulation 

involving the application of Equation 1 to two alternatives:

(2)
Pl*P2

This Equation 2 is the original form of the Matching Law, and its transformed 

version is known as the Strict Matching Law (e.g., Davison & McCarthy, 1988) 

which is given by Equation 3:

B^+ R̂ +R2

where Bi and B2 denote numbers of responses, or amount of time spent responding 

(Baum & Rachlin, 1969; Brownstein & Pliskoff, 1968), to each alternative, and Ri 

and R2 denote the number of reinforcers obtained for each alternative.

Equation 3 suggests that relative response rate (response allocation) or time 

spent responding to each alternative (time allocation) matches the relative 

reinforcement rate (reinforcer allocation). In other words, in settings containing 

two alternatives response allocation or time allocation are described as a function 

of reinforcer allocation between these alternatives. When experimental data fit
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well to this theoretical function, it is said that matching has been obtained.

However, later research has revealed that this equation 3, and its 

fundamental assumptions, cannot deal easily with several problems. These 

problems include the effect of change over delays (COD) between reinforcement 

alternatives (Baum & Rachlin, 1969; Catania, 1963; 1966; Catania & Cutts, 1963; 

Dreyfus, DePorto-Callan, & Pesillo, 1993; Shull & Pliskoff, 1967), types of 

schedules (Davison & McCarthy, 1988 for review), validity over different 

behavioural measures, response allocation or time allocation (Baum, 1979; Baum 

& Rachlin, 1969; Brownstein & Pliskoff, 1968; Davison, 1991b; Davison & 

McCarthy, 1988; Elliffe & Alsop, 1996; Hunter & Davison, 1982; Taylor & Davison, 

1983), and deviations from the strict matching (Baum, 1974a; 1979; Elliffe & Alsop, 

1996; Myers & Myers, 1977; Robinson, 1992). Nevertheless, it is clear that The 

Matching Law made a start in the quantitative analysis of behaviour, and allowed 

the development of models which explain behaviour in choice situations more 

accurately, especially under cone VIVI reinforcement schedules.

2.2 The Strict Matching Law in situations with other than two alternatives

The Matching Law is applicable to various situations: when there is only 

one alternative (e.g., a single lever or a single key), and when there are two 

alternatives or more (Herrnstein, 1970; 1974). The original setting for research on 

choice included two alternatives. However, the two-choice situation may be no 

more than one out of a number of possible choice situations.
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k R ,

For a single VI schedule. Equation 4, known as Hermstein's hyperbola, can be 

obtained where Re refers to rate of reinforcers from sources other than that 

arranged by an experimenter (Ri), and k is constant for a particular subject and a 

particular response type. This equation means that a single alternative situation 

may be considered as a choice situation, that is, whether the organism will respond 

or not. The assumption underlying this suggestion is that every response may be 

reinforced by some source. That is to say, every response, other than the response 

which causes the delivery of the reinforcer arranged by the experimenter, may also 

produce some reinforcement. There is no doubt that Hermstein's hyperbola (1970) 

fits the available data well, not only in reinforcement-only situations, but also in 

situations in which punishment or aversive stimuli are contingent on a response. 

This appears true regardless of the species of subject studied (e.g., Bradshaw, 

Szabadi, & Bevan, 1976; 1977; 1978; 1979; de Villiers & Herrnstein, 1976; de Villiers, 

1977).

Applying Hermstein's hyperbola makes it possible to explain behaviour in 

situations with any number of alternatives. When Equation 4 for one alternative 

(Bi) is combined with another Equation 4 for another alternative (Bz), Equation 3 

(SML) is obtained by arithmetic manipulation. This arithmetic manipulation can 

be applied not only for two alternatives, but also for more than two alternatives. 

This statement can also be supported empirically, because several studies have 

supported this manipulation and equations (Davison & Hunter, 1976; Elsmore &
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McBride, 1994; Miller & Loveland, 1974; Pliskoff & Brown, 1976).

3. The Generalised Matching Law (GML)

3.1 Generalisation of the Strict Matching Law

As noted above, the SML sometimes fails to explain the relationship 

between relative response rate and relative reinforcement rate (Lobb & Davison, 

1975; Myers & Myers, 1977). For instance, Lobb and Davison (1975) noted that 

some studies reported a deviation from the SML when response allocation was the 

dependent variable. Myers and Myers (1977) used orthogonal- polynomial 

analyses and classified these deviations into three types: strict matching (linear 

function), cubic deviation, and quadratic deviation.

Based on Equation 5, which was proposed by Baum and Rachlin (1969),

Baum (1974a) introduced two parameters suggested by Baum and Rachlin (1969), 

and proposed Equation 6, which explains the deviations discussed above within 

one equation:

«2

( \
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where a and c refer to parameters obtained from the data collected in each 

particular experiment to which the equation is to be applied. Baum (1974a) 

applied logarithmic transformation to both sides of Equation 6, and obtained 

Equation 7.

i j
log — = a log —

\  «2, \  «2,
loge, (7)

Equation 7 can be considered as a linear function, with a slope value a and an 

intercept log c.

Equations 6 or 7 are considered as the Generalised Matching Law (Baum, 

1974a; Davison & McCarthy, 1988; Mazur, 1991). Introducing the two parameters, 

a and c, makes Equation 6 or 7 more powerful than Equation 3 or 5 in describing 

several sets of experimental data. In fact, Baum (1974a) showed that the 

Generalised Matching Law can describe all types of data, and categorised these 

sets of data as falling into three patterns on the basis of the value of a. When a 

value of a is larger than 1, that is, response allocation is more extreme than 

reinforcer allocation, overmatching occurs. When a is equal to 1, that is, response 

allocation is the same as reinforcer allocation, matching or strict matching occurs. 

When a is lower than 1, that is, response allocation is less extreme than reinforcer 

allocation, undermatching occurs. The Strict Matching Law (Equation 3 or 5) can 

be considered as one specific example of The GML (Baum, 1974a; Allen, 1981; 

Prelec, 1984).

Some researchers have proposed that parameter a may be used to refer to 

the organism's sensitivity to reinforcer allocation (e.g., Lobb & Davison, 1975;
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Nevin, 1984). The bigger the slope value (i.e. the greater the value of a), the higher 

is the subject's sensitivity to reinforcer allocation. The slope value defined by 

parameter a is considered as the operational definition of 'sensitivity of reinforcer 

allocation'. For example, when it is said that a slope value for time allocation is 

higher than that for response allocation, it means that time allocation is more 

sensitive to reinforcer allocation than is response allocation (e.g., Baum, 1979).

Baum (1979) summarised 103 sets of data, obtained from 23 experiments, 

and commented on two aspects of this parameter. First, it was reported that many 

experiments showed undermatching (i.e. a less than 1). That is, most subjects 

showed less extreme responding than reinforcer allocation. Second, differences 

between the results obtained with two behavioural measures, response allocation 

and time allocation, were obtained. Most data showed that a slope value for time 

allocation was higher (i.e. a was higher in value) than that for response allocation. 

This will be discussed in more detail later.

The other variable c may be called 'response bias'. This parameter refers to 

sources, which affect behavioural allocation but which do not come from reinforcer 

allocation. Baum (1974a) summarised these sources into four categories: response 

bias, differences between scheduled reinforcer rates and obtained reinforcer rates, 

qualitative differences in the reinforcers for the alternatives, and differences in the 

type of schedules between the alternatives.
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3.2 Comparisons of two behavioural measures

As mentioned above, the Generalised Matching Law can be applied not only 

the relative response rate, but also relative time spent responding. For example, 

Brownstein and Pliskoff (1968) demonstrated strict matching for time allocation 

data of pigeons' performance under a several cone Variable-Time (VT) VT 

schedules of reinforcement. Baum and Rachlin (1969) also found that time staying 

either of two parts of an experimental chamber for pigeons was described as a 

function of reinforcer allocation under cone VT VT schedules.

The question of which of these two behavioural measures is a more 

appropriate measure of choice behaviour, or which is the fundamental process of 

choice behaviour, is still unresolved. Comparisons of the sensitivity of the two 

behavioural allocation measures have usually found that the sensitivity for time 

allocation is higher than that for response allocation (Baum, 1979; Baum & Rachlin, 

1969; Brownstein & Pliskoff, 1968; Elliffe & Alsop, 1996; Stubb & Pliskoff, 1969; 

Taylor & Davison, 1983; Wald & Cheney, 1975; W earden & Burgess, 1982). For 

example, in both of the studies mentioned above (Baum & Rachlin, 1969; 

Brownstein & Pliskoff, 1968) strict time-allocation matching was noted. Dreyfus 

(1991) manipulated the relative reinforcement ratio within sessions, and 

demonstrated that time allocation followed more closely the changes in reinforcer 

allocation within session than response allocation. Furthermore, Wald and Cheney

(1975) also manipulated reinforcer allocation within sessions, and demonstrated 

that time allocation varied less than response allocation according to the reinforcer 

allocation. On the basis of these findings, it could be claimed that time allocation
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may be the fundamental process of choice behaviour.

On the contrary, some others have argued that response allocation is the 

basic process of choice behaviour. For example, Davison (1991b) employed time- 

and response-allocation constraints, where pigeons' behavioural allocation was 

restricted within a programmed range. It was found that the response-allocation 

constraints strictly determined the range of time allocation, but the time-allocation 

constrains did not determine response allocation.

Some other researchers have claimed that the two measures may reflect 

different aspects of choice behaviour (Beautrais & Davison, 1977). Beautrais and 

Davison (1977) trained pigeon's key peck under cone VIVI schedules in which the 

required response was the completion of a fixed number of key pecks. Several 

manipulations of the number of key pecks required, and the reinforcement 

schedule for the two alternatives, generated a preference for the schedule with the 

smaller peck requirement for response allocation, but a preference for that with the 

larger peck requirement for time allocation. These findings suggested that the two 

behavioural allocations may not necessarily be equivalent in terms of a behavioural 

measure of choice. Furthermore, others have discussed whether time or response 

allocation is the fundamental process under different circumstances, such as the 

type of reinforcement schedule, or the method of collecting time allocation data 

(Aldiss & Davison, 1985; Taylor & Davison, 1983; W earden & Burgess, 1982). In 

fact, Aldiss and Davison (1985) demonstrated that the sensitivity to reinforcer 

allocation for time allocation was higher than that for response allocation, however, 

these two behavioural allocations were almost equal to each other when time spent 

emitting other behaviour than key pecking was excluded from the total time spent
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responding (accumulated inter-changeover intervals).

In summary, although it cannot be established with certainty whether 

response or time allocation is the proper measure, or the more fundamental process 

in a choice situation, an attempt to exclude time for other behaviour than the 

operant should be conducted to compare these two behavioural measures.

4. The effect of punishment on choice behaviour

This section will discuss the effect of punishment on choice behaviour under 

cone VIVI schedules, which has been explored, especially, in two aspects. That is, 

whether punishment suppresses responding as it does the punished response 

under a single reinforcement schedule, and whether punishment generates some 

different preference among the alternatives from that under a reinforcement-only 

situation. The latter issue is based on the two models of punishm ent in terms of 

the GML, and also concerns two theories of punishment.

4.1 The effect of punishment on choice behaviour

The addition of a concurrent punishment schedule to a choice situation 

under a concurrent reinforcement schedule generally has two effects (de Villiers, 

1980; Farley, 1980; Yoshino, 1986). One is an overall suppressive effect on response 

rates, similar to the suppressive effect that occurs on a single operant schedule.
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The amount of responding emitted with the addition of a punisher is lower than 

that in a situation without punishment. This is considered as a sufficient condition 

for an experiment concerning punishment, because punishment is defined by "the 

response-produced presentation of positive punishers or termination of negative 

punishers (or, the decrement or suppression of responding that results from this 

operation)" (Catania, 1991, p. G30), and a positive punisher or an aversive stimulus 

is defined by "a stimulus effective as a negative reinforcer or as a punisher, or that 

suppresses positively reinforced operant behaviour in the presence of another 

stim ulus that precedes it" (p. G4). According to these definitions, punishment 

must reduce the rate of responding upon which a punisher is contingent.

Another effect of the addition of punishment is an enhancing effect on the 

sensitivity to reinforcement allocations. A preference shift towards the richer 

alternative (i.e. overmatching) is usually observed when a concurrent punishm ent 

schedule is superimposed over a choice situation (de Villiers, 1980; Farley, 1980; 

Yoshino, 1986). More responses are emitted to the alternative with the richer 

schedule of reinforcement under the punishment than under the reinforcement- 

only situation. In terms of the GML, the slope value of the linear regression line 

during a punishing situation is higher than it is during a situation without 

punishment. That is, during punishing situations, the sensitivity to reinforcement 

allocation is higher than that during reinforcement-only situations.

De Villiers (1980) used three pigeons, and investigated the change of relative 

response rates and time allocation maintained during a reinforcement-only 

condition (cone VI 180-s VI 60-s, or cone VI 60-s VI 180-s) compared to those noted 

during a punishment condition in which a single VI 30-s schedule of an electric
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shock was added to each component of the concurrent reinforcement schedule. 

The effect of the intensities of an electric shock (3.0, 4.5, or 6.0 ma) was also 

investigated. All birds showed a preference shift towards overmatching during 

the punishment conditions compared to the reinforcement-only condition, and it 

was found that the higher the intensity of the electric shock, the greater was the 

preference shift obtained.

Farley (1980) reported three experiments, in which pigeons also showed the 

preference shift towards overmatching after the superimposition of a punishment 

schedule over cone reinforcement schedules. In the first experiment, the relative 

punishm ent rate between alternatives was kept at 0.5, and the relative 

reinforcement rate was manipulated across five levels. In the second experiment, 

the effect of the absolute rate of punishment was investigated when the relative 

rate of punishment was kept constant. These two experiments found the 

preference shift towards overmatching during punishment compared to the 

reinforcement- only situations. In the third experiment, the effect of the absolute 

rate of reinforcement on matching behaviour was explored while the relative 

reinforcement rate and the punishment schedule were kept constant. It was found 

that the sensitivity to reinforcer allocation decreased as a function of the increase 

of absolute reinforcement rate. This preference shift toward overmatching has 

been found not only in pigeons but also in rats. Yoshino (1986) replicated the first 

experiment of Farley (1980)'s using rats as subjects and found a preference shift 

towards overmatching in all four rats along with a clear response suppression 

during the punishment conditions. It is noted that this preference shift was found 

not only for response allocation but also for time allocation.
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4.2 Two models of punishment

There are two major models of punishment that describe and predict 

concurrent performance in punishing situations: the additive model of punishm ent 

(Deluty, 1976; Deluty & Church, 1978), and the subtractive model of punishm ent 

(Farley & Fantino, 1978). The former is theoretically derived from the competing 

response theory (Deluty, 1976; Deluty & Church, 1978; Dinsmoor, 1954; 1977; 

Fowler & Miller, 1963) and the latter the symmetrical law of effect (de Villiers, 

1980; 1982; Farley, 1980; Farley & Fantino, 1978; Herrnstein, 1970).

The additive model of punishment (Equation 8) was proposed by Deluty

(1976), and was based on an experiment by Holz (1968). The model can be 

represented by the following equation.

m

where Bi, Bi, Ri and Rz are the same as in Equation 3, and pi and p 2 denote 

punishment rates in each alternative. In this equation, the numerator of the right 

hand side is described by the summation of the reinforcer frequency for alternative 

1 and the punisher frequency for alternative 2. That is, factors which affect the 

behaviour directed to each alternative include the reinforcement rate for that 

alternative, and the punishment rate for other alternative.

The original subtractive model of punishment was proposed by Farley and 

Fantino (1978). The model is given by Equation 9:
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- A _  .   . (9)
B1 +B2

In Equation 9, the numerator of the right hand side is described by the difference 

between the punisher frequency for alternative 1 and the reinforcer frequency for 

the same alternative. That is, factors which affect behaviour to each alternative 

include the reinforcement rate and the punishment rate on that alternative.

These two models are closely related to two dominant theories of 

punishment. The additive model can be considered as a transcription of the 

competing response theory of punishment (Fowler & Miller, 1963; Dinsmoor, 1954; 

1977). This theory explains response suppression due to punishment as the result 

of the indirect facilitative effect on non-punished responses. That is, response rate 

for the targeted operant is driven down by competing responses. In Equation 8, 

factors which facilitate responses to each alternative include reinforcement rates 

for that alternative, and also the punishment rate in the other alternative. Thus, 

this punishment rate can be considered to have an indirect facilitative effect on 

non-punished responses. That is, the addition of pi to Ri in the numerator of 

Equation 8 is an arithmetical description of the competing response theory.

On the other hand, the subtractive model can be considered as a 

transcription of the symmetrical law of effect (de Villiers, 1980; 1982; Farley, 1980; 

Herrnstein, 1970). This theory assumes that punishment has a direct suppressive 

effect on the punished response. As described in the numerator of Equation 9, 

factors which affect the level of responding are the reinforcement rate and the 

punishm ent rate for that response. The difference between these two values is
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considered to be the genuine reinforcement value available for that alternative.

Although Equations 8 and 9 refer to the function or the direction in which 

punishment works in a punishment situation, the strengths of reinforcement and 

punishm ent affecting the response are not necessarily equal to each other. To 

accommodate the possible difference of the strength between the two, Farley and 

Fantino (1976) introduced a parameter of punishment to the equations. Equations 

10 and 11 in a logarithmic form, and Equations 12 and 13, in a relative frequency 

form, are considered as the formal expression of the additive and subtractive 

models, respectively.
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The param eter a is considered to denote a scale which estimates "the effect of a 

constant-intensity punisher to the effect of a constant-value positive reinforcer" 

(Davison &c McCarthy, 1988, p. 130) or 'negative food unit' (Farley &c Fantino, 1978). 

However, this has not been necessarily accepted by all researchers, since very few 

empirical studies employed this parameter to describe their results. This issue will 

be discussed later in the next section in a companion of these two models of 

punishment.
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4.3 Comparing the two models of punishment

The above two models have been compared with each other in several 

experiments (de Villiers, 1980; Farley, 1980; Yoshino, 1986; Yoshino & Kimura, 

1991).

Both de Villiers (1980) and Farley (1980) suggested that their results, 

summarised in the previous section, were more supportive the subtractive model. 

In their discussions, the preference shift was considered to be the important aspect 

of performance to be examined.

An assumption from the first experiment by Farley (1980) will be shown as 

an example of the prediction and description using relative response rates, on 

which this conclusion was based (Equations 12 and 13, shown above). In the 

prediction for his first experiment, Farley (1980) compared the right hand sides of 

these equations during no punishment (pi = p 2 = 0), and when there were equal 

rates of punishment on each alternative (pi = pz = p). When no punishment is 

program m ed, both Equations 12 and 13 become equal to Equation 3. Whereas, 

when the same rates of punishment are added to each alternative. Equations 12 

and 13 become

R^+(x,p
(14)B̂ +B̂  R̂  + R^+lap

B^ R^- ap

B^+B2 R̂  + R2~2.ttp
(15)

A comparison of Equation 3 with Equation 14, for the additive model, predicts that 

relative response rates will fall when Ri is greater than R2. On the contrary, the
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relative response rate will increase when Ri is smaller than Rz. This can be seen in 

Equation 16, which refers to the difference in the relative response rates between 

the two situations. The difference is given by the subtraction of the right hand side 

of Equation 14 from that of Equation 3,

ap(R^-R^)
(16)

R ^ + R ^ + 2 a p  R ^  + R ^  { R ^ + { R ^  + R 2 + '2.a p )

As Ri, Rz, and p can be assumed to be positive, the sign of Equation 16 will be 

determined by the relative value of Ri and Rz. When Ri is greater than R2 (Ri is a 

richer alternative than Rz), then Equation 16 is negative; whereas, w hen Ri is 

smaller than Rz (Ri is a leaner alternative than Rz), then Equation 16 is positive. 

These predictions imply that the choice between these two alternatives will be less 

extreme than the reinforcer allocation during punishment compared to that during 

reinforcement-only. Therefore, a preference shift towards underm atching is 

predicted by this consideration.

A comparison Equation 3 with Equation 15, from the subtractive model, 

predicts just the opposite to the above. That is, relative response rates will rise 

w hen RI is greater than R2 during punishment; whereas, it will fall w hen RI is 

smaller than R2. This can be seen in Equation 17, which refers to the difference in 

the relative response rates between the two situations based on Equations 3 and 15. 

The difference is given by the subtraction of the right hand side of Equation 14 

from that of Equation 3,

R^-ccp R^ ap(R -̂R )̂
(17)R ^ + R ^ - l a p  R̂  + R̂  {R^+R^ {R  ̂+ R ^ - 2 a p )
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The sign of Equation 17 is determined by the relative value of Ri and R2 . When Ri 

is greater than R2 (Ri is a richer alternative than R2), Equation 17 will be positive; 

whereas, when Ri is smaller than Rz (Ri is a leaner alternative than R2), Equation 

17 will be negative. This means that the relative response rate will be more 

extreme than the relative reinforcer rate during punishment than during 

reinforcement-only. In other words, the subtractive model predicts a preference 

shift towards overmatching when a punishment schedule is added to the 

reinforcement-only choice situation.

Given that the subtractive model predicts overmatching, whereas the 

additive model predicts undermatching, the data from the first experiment of 

Farley (1980) support the subtractive model of punishment. The predictions for the 

other two experiments of Farley (1980) and all the experiments reported by de 

Villiers (1980) were based on the above analysis, and were supported by the 

experimental data.

However, another comparison of the two models by Yoshino and Kimura

(1991) did not support the claim that the subtractive model is a better explanation 

of choice behaviour in all punishing situations. Yoshino and Kimura (1991) 

employed a cone VI Extinction (EXT) schedule instead of a cone VIVI schedule for 

both of reinforcement and punishment. That is, one of two levers was kept in 

extinction throughout the experiment. The intensity of an electric shock was also 

manipulated in this study.

Yoshino and Kimura (1991) predicted different results from the two models 

as below. Suppose alternative 1 is an extinction lever. Equation 18 refers to 

absolute response rates for the additive model:
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k(Ri* apj)
Bi =  . (18)

When Ri and pi are equal to zero because of extinction, this equation becomes the 

equation 19 below.

kap2

This equation shows that some responses should occur to the extinction lever.

On the other hand, if the subtractive model were true, then no responses to 

the extinction lever would be obtained. That is shown by Equations 20 and 21. 

Equation 20 refers to absolute response rates for the subtractive model.

B, .  , c „ |
Rj- Otpi+R2-

When Ri and pi are equal to zero here because of extinction, the numerator 

becomes zero as shown in Equation 21,

<21)

This equation predicts that no responses should occur to the extinction lever.

To account for the results from their experiment, Yoshino and Kimura (1991) 

suggested the possibility that the additive and subtractive models describe 

different aspects of the effect of punishment. They found that for the initial
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sessions after introducing a punishment schedule, or after the intensity of an 

electric shock was increased, rats responded to the extinction lever, and that the 

level of responding to the extinction lever in the punishing condition was much 

higher than that in the reinforcement-only condition. However, responding to the 

extinction lever was not maintained as long as it would have been if it was 

maintained by a reinforcement schedule.

From these results, Yoshino and Kimura (1991) concluded that the additive 

model may be supported by the data showing responding to the extinction lever 

for some sessions after introducing punishment schedule, because this model best 

predicted the response acquisition to the extinction lever during a punishment 

condition. However, after these initial periods the subtractive model was best 

supported by the data in terms of the stable stage of punishment. This discussion 

implies that both models may be appropriate to explain different aspects of the 

effects of punishment. This discussion also suggests the need to conduct empirical 

studies which explore the effect of punishment not only during stable state, but 

also during acquisition.

5. Problems remaining

Prior to any conclusions about the two models of punishment, there are 

three critical problems that need to be addressed: failure to describe some 

empirical data (Davison & McCarthy, 1988; Yoshino, 1986); inconsistencies in 

prediction and description (Yoshino, 1986); and contradictory data (Bradshaw et
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al., 1979; Holz, 1968).

5.1 Failure to describe data

Davison and McCarthy (1988) suggested that the subtractive model may be 

more appropriate than the additive model. However, they also criticised the 

subtractive model because it appeared that the ratio in its right hand side 

(Equations 9 and 11) can become negative if the magnitude of punishm ent is 

greater than that of the reinforcement on a schedule. 'This, however, is unlikely 

because as shock effects become great, both shock frequencies and reinforcer 

frequencies will decrease until no responses are emitted and no shocks and 

reinforcer are obtained' (Davison & McCarthy, 1988, p. 132). When the rate of 

punishm ent is greater than the rate of reinforcement on alternative 1, the 

num erator of the right hand side of Equation 13 becomes less than zero (i.e. 

negative). This implies that no response would be emitted to that alternative, 

which has not been supported empirically. For example, Yoshino (1986) reported 

that responses to such an alternative were observed even when the denominator 

for that alternative was negative. The subtractive model apparently fails to predict 

and describe responses in this case. When Yoshino (1986) used Equations 11 and 

12, (the logarithmic forms of the models) to describe the results, with an estimation 

of parameter a using the obtained suppression ratio, the subtractive model could 

not applied for some sets of data since the value of, Ri - a pi or R2 - api,  was 

negative. On the other hand, the additive model has no such cases.
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5.2 Inconsistency of prediction and description

Yoshino (1986) criticised the discussions by Farley (1980) and de Villiers 

(1980) on the grounds that they included inconsistencies between the prediction 

and the description of data. In fact, neither Farley (1980) nor de Villiers (1980) 

used either of the two models of punishment to describe the experimental data by 

linear regressions. Instead, they used the GML without punishm ent parameters 

(Equation 7) to describe their sets of data. Although they used the two models in 

case of predictions, their conclusions supporting the subtractive model were based 

not on the model itself, but on the GML.

There are two ways of interpreting what the right hand side of the relative 

frequency form of the two models (Equations 12 and 13) refers to. First, as 

suggested by the predictions made by de Villiers (1980) and Farley (1980), the right 

hand side can be considered as an expression of behaviour allocation. As shown 

in the previous section, they predicted behavioural changes based on the right 

hand side of Equations 3,12, and 13, (the relative frequency forms of the GML, the 

additive model, and the subtractive model, respectively). Given these hypotheses, 

their predictions describe overmatching for the subtractive model, and 

undermatching for the additive model. These descriptions may be depicted by the 

upper panels of Figure 1.1 The upper panels of Figure 1.1 show a set of 

hypothetical data, predictive behavioural changes during punishment, 

hypothetical regression lines based on the two models, and the direction of 

preference shift given by these predictions in each reinforcement schedule shown 

by an arrow. It should be noted that a set of data on the y-axis, the relative
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Figure 1.1. Regression lines according to the prediction by de Villiers (1980) and Farley (1980), on 
the top panels, and by Yoshino (1986), at the bottom panels. The left panels displays each 
predictions by the additive model, and the right panels by the subtractive model. O pened circles 
and solid lines denote data during reinforcement, and filled circles and broken lines refer to data 
d u rin g  punishm ent. Arrows show the direction of the data shift produced by the addition of a 
punishm ent schedule over a reinforcement schedule according to each m odel by each prediction.

reinforcement value rate, is assumed to be equal for the two models (the top left 

and top right panels) in these predictions.

Secondly, the right hand side of the equations may be considered as an 

expression of the reinforcement values, which are given by a combination of

48



reinforcement and punishment parameters (Yoshino, 1986). This method is also 

based on the difference in values of the right hand side of Equations 3 and 14, and 

those of Equations 3 and 15. However, when these values are considered as 

expressions of reinforcement values, these predict completely the opposite results 

to those predicted by de Villiers (1980) and Earley (1980). As shown at the bottom 

panels in Figures 1.1, the additive model describes overmatching, and the 

subtractive model describes undermatching. It should be noted that a set of data 

on the x-axis, the relative behaviour rate is equal regardless which model is used 

for regression analysis (the bottom left and bottom right panels) in these 

predictions.

With respect to its effectiveness in describing a set of behavioural data, the 

approach taken by Yoshino (1986) may have one more benefit. The same set of 

behavioural data can be analysed as a function of a set of reinforcement data by a 

regression analysis, regardless of which model is used for the regression analysis. 

Yoshino (1986) showed that overmatching is predicted by the additive model, and 

undermatching by the subtractive model. Yoshino (1986) also demonstrated that 

all the data from de Villiers (1980) and Farley (1980) also showed overmatching 

under the additive model, and undermatching under the subtractive model. This 

also means that if the predictions made by de Villiers (1980) and Earley (1980) are 

taken, an inconsistency of the result with the prediction would occur. According 

to their predictions, the additive model should show undermatching, and the 

subtractive model should expect overmatching. However, when these two models 

were used to describe their empirical data, the opposite results to their predictions 

were obtained.
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5.3 Failure to predict some results

Some empirical data do not show the preference shift towards overmatching 

w ith punishment compared to reinforcement-only situations. Bradshaw et al.

(1979) reported a preference shift after the addition of punishment towards 

undermatching in their experiment using human subjects. Holz (1968) showed no 

changes in preference after the addition of continuous punishment in their pigeons' 

experiment.

Given these data, it should be confirmed whether the preference shift 

towards overmatching under punishing situations compared to that noted under 

reinforcement-only situations is, in fact, the common result. It is, of course, 

possible that the results of Bradshaw et al. (1979) may have been caused by the use 

of human subjects. If nonhuman subjects and hum an subjects behave differently 

during punishing situations, research on punishment using nonhum an subjects 

may have only limited relevance to human behaviour. Other than species 

differences, of course, further critical differences in the experimental designs may 

have caused the different pattern of results. For example, Bradshaw et al. (1979) 

employed a Variable Ratio (VR) punishment schedule in one component only. 

Also, Holz (1968) used a continuous punishment schedule instead of an 

intermittent schedule. These factors in experimental settings which may produce 

the preference shift towards overmatching or undermatching should be 

investigated to estimate effects of punishment on choice behaviour.
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6. The effect of types of economy on responding: Closed economy and open 

economy

Hursh (1980; 1984) distinguished open and closed economies on the basis 

whether the organism obtained its entire daily food supply by its operant during 

the experimental sessions (a closed economy), or whether only a part of that supply 

was obtained during the experimental sessions and the remainder was provided 

by the experimenter in the home cage (an open economy). A closed economy is 

defined by: 'in operant contexts, the availability of appetitive stimuli only within 

the sessions, as reinforcers, with none provided independently of behavior on a 

supplementary basis outside of the session'. In contrast, an open economy is 

defined by 'in operant contexts, the availability of appetitive stimuli not only as 

reinforcers within the sessions but also, independently of behavior, on a 

supplem entary basis outside of the session (as when percentage of free-feeding 

weight)' (Catania, 1991, p. G6, G25).

6.1 A single operant performance under a closed economy

A particular difference in performance under a closed economy and under 

an open economy is the functional relationship between response rate and 

reinforcement rate. It has been demonstrated that under a closed economy, 

response rate does not decrease when the response requirement for reinforcement 

is increased (Cohen, Furman, Crouse, & Kroner, 1990; Collier, Hirsch, & Hamlin,
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1972; Hall & Lattal, 1990; Hursh, 1978; 1980; 1984; Peden & Timberlake, 1984). For 

example. Hall and Lattal (1990) trained two pigeons to peck a key, maintained by 

VI reinforcement schedules. They found that response rates increased as 

reinforcement frequency decreased in the closed economy, whereas there was no 

systematic change or a decrease in the response rates in the open economy. Hursh

(1980) compared a couple of experiments employing Fixed Ratio (FR) schedules 

(Collier et al., 1972; Felton & Lyon, 1966) or VI schedules (Catania & Reynolds, 

1968; Hursh, 1978), and also found the same tendency of increased response rate 

with increased response requirement under a closed economy.

The reason, why responding is maintained in closed economies even when 

the requirement for a reinforcer increased high enough for response rate to fall 

down under an open economy, may be connected with the biological constraints 

of the situation. Subjects under a closed economy must obtain enough food to 

maintain their body weight. Collier (1981) mentioned the maintenance of body 

weight by rats, and emphasised that subjects choose behaviours and food items 

available in their repertoire and in the situation to maximize calories and nutritive 

quality relative to the time and energy spent performing or obtaining them. When 

the response requirement for reinforcers increases too high for subjects to maintain 

their body weight under a closed economy, animals even show nocturnal 

hypothermia (Ostheim, 1992; Rashotte, & Henderson, 1988). Nocturnal 

hypothermia, which is related to substantial loss of body weight, happens at very 

high requirement of responding for food. Both Ostheim (1992) and Rashotte and 

Henderson (1988) demonstrated nocturnal hypothermia of pigeons under a closed 

economy with high requirement conditions.
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6.2 Aversively motivated behaviour under a closed economy

Some attempts have been made to examine the effect of aversive events on 

behaviour under a closed economy. Some studies under the etho-experimental 

analytic approach reported that rats changed their meal pattern when a risky 

situation was introduced under a closed economy (Fanselow, Lester, & 

Helmestetter, 1988; Helmestetter, & Fanselow, 1993). Fanselow et al. (1988) used 

a chained FR; CRF schedule and a response-independent random shock strategy, 

and found that introducing the response-independent shock produced re

organisation in rats' meal patterns. Helmestetter and Fanselow (1993) employed 

the same strategy as that in the former study, along with m anipulating the shock 

frequencies, and demonstrated changes of rats' meal patterns in terms of meal 

frequency and meal size according to the frequency of shock. It should be noted 

that both experiments found that rats maintained their body weight by keeping net 

intake almost stable, even though their meal pattern varied according to each risk 

situation.

6.3 Choice behaviour under a closed economy

Most experiments exploring choice behaviour are conducted under an open 

economy. That is to say, all equations mentioned above were derived from the 

data under an open economy. There is only one published experiment that has 

investigated the effect of a closed economy under a concurrent schedule. Baum
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(1972) kept a single pigeon in a two-key experimental chamber for seven months. 

The pigeon was exposed to a variety of cone VI VI schedules that provided, 

overall, between 15 and 23 reinforcers per hour. Baum (1972) demonstrated that 

response allocation was very close to strict matching.

Instead of a single subject, Baum (1974b) reported, again, more or less strict 

m atching from another experiment, in which a flock of approximately 20 

free-ranging wild pigeons pecked keys to be allowed brief access to grain. Though 

no systematic experimental control over subjects was given, this situation may be 

considered as a closed economy situation because pigeons were not given any 

supplemental feeding in the experiment.

Davison and McCarthy (1988) concluded on the basis of their unpublished 

data that performance under cone VI VI schedules is independent of type of 

economy. This conclusion is not reasonable, because, as noted above, contrary to 

the dominant results of undermatching under concurrent schedules under an open 

economy, overmatching or strict matching may be common under a closed 

economy. In fact, the averaged slope value of the regression line under an open 

economy in terms of the GML (i.e. the sensitivity to reinforcement allocation) is 

estim ated around 0.8 (Baum, 1974a; 1979; Davison, & McCarthy, 1988; Elliffe & 

Alsop, 1996; Robinson, 1992).

Some other experiments have been conducted to explore the effects of a 

closed economy on choice behaviour under multiple (mult) schedules (Elliffe & 

Davison, 1985; 1996; LaEiette & Fantino, 1988). All three experiments 

dem onstrated overmatching under a closed economy. Furthermore, Elliffe and 

Davison (1996) reported that the sensitivity to reinforcer allocation increased from
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undermatching to overmatching as session duration increased from 100 min to 24 

hr, while deprivation level was held constant by decreasing overall reinforcer rate. 

On the other hand, with respect to choice behaviour under conc-chain schedules, 

LaFiette and Fantino (1989) demonstrated no critical difference in sensitivity to 

reinforcement allocation under the two types of economies.

These findings require more systematic investigation. Especially, an 

experiment should be done to examine if there is a difference in sensitivity to 

reinforcer allocation of concurrent schedules between a closed economy and an 

open economy. Furthermore, the effect of punishment on concurrent performance 

also should be explored under a closed economy. If strict matching or 

overmatching is the dominant result under a closed economy, it should be 

investigated whether a preference shift towards even more overmatching during 

punishm ent under a closed economy is noted.

6.4 Reconsideration of the definition of two types of economies

As noted above, the two types of economies is usually defined on the basis 

of the availability of supplemental feeding outside the sessions (Timberlake & 

Peden, 1987). However, Timberlake and Peden (1987) demonstrated no critical 

difference in responding of pigeons, who received supplemental feeding three 

hours after the experimental sessions (i.e. under an open economy), and those who 

responded under a closed economy. This experiment questioned the definition of 

two types of economies in terms of the availability of supplemental feeding.
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The effect of another two factors also may require reconsideration of the 

definition of the two types of economies; session length and body weight (Collier, 

Johnson, & Morgan, 1992; Elliffe & Davison, 1996; Foster, Blackman, & Temple, 

1997; Imam, 1993). These two factors are closely related to each other in the closed 

economy. Such experiments usually do not limit food consumption within the 

sessions. Under such conditions, the subjects' body weight is not controlled. 

Rather than the type of economy, possible differences in body weight may affect 

the difference in responding, which is recognised as the result typically caused by 

the difference of type of economy. To control body weight under a closed 

economy, there are two methods available, arrangement of reinforcement 

frequency and limiting session length. The leaner the reinforcement frequency 

arranged, the more likely it is that a lower body weight will be maintained. 

Similarly, the shorter the session length employed, the more likely it is that a 

lower body weight will be maintained.

The findings from experiments that have used such contexts may not 

necessarily support the ordinal definition of two types of economies (Catania, 1991, 

p. G6, G25). Foster et al. (1997) demonstrated that domestic hen's FR responding 

under a closed economy, with a 40-min session restriction, was similar to that 

under an open economy (80% of ad lib body weight) with a supplemental feeding, 

bu t it was not similar to that under a closed economy with 24 hr sessions. They 

argued that the effect of a closed economy with short sessions on responding may 

not be different from that of an open economy. Elliffe and Davison (1996) 

demonstrated the sensitivity to reinforcer allocation under mult VI VI schedules 

varies as a function of session length and response requirement for reinforcement
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under a closed economy. However, Collier et al. (1992) showed no difference in 

responding between under a closed economy with body weight control (85% of ad 

lib body weight) and under a closed economy without it. Meanwhile Collier et al.

(1992) also demonstrated responding under these two conditions differed from that 

under an open economy.

Even though these findings have questioned the definition of the two types 

of economies, it should be noted that the availability of supplemental feeding, 

which gives the principle defining these two types of economies, does affect the 

function of the response rate and the reinforcement frequency, and also some other 

behavioural aspects, such as meal pattern, or sensitivity to reinforcer allocation in 

choice situations. Further experimental findings regarding the critical factors 

which affect these behavioural aspects are needed. In fact, Lattal (1991, p. 127-128) 

suggested that 'Although the findings remain controversial such potential 

differences in behavioral effects of schedules as a function of the feeding 

arrangements could be important when, for example, studying schedule-controlled 

behaviour during continuous sessions lasting for several days or weeks'.

7. Substitutability of a loud auditory stimulus with an electric shock

7.1 Declining numbers of studies on punishment

Recent studies of aversively controlled behaviour, especially behavioural
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studies on punishment, are less common than they were previously (e.g., Baron, 

1991; Pierce & Epling, 1995). There are, possibly, three main reasons for the 

decreasing interest in aversively regulated behaviour. First, the utility of 

punishm ent in an applied setting has been questioned following the original 

argum ent by Skinner (1953). Skinner (1953) suggested that the effect of 

punishment on behaviour is immediate but not permanent. Punishment is usually 

regarded as a less effective and less desirable method than reinforcement to control 

hum an behaviour (LaVigna & Donnellan, 1986; Meyer & Evans, 1989). Many 

researchers claim that punishment may have not only a suppressive effect on the 

target response, but also possess such side effects as generating emotional 

responses or aggressive behaviour (LaVigna & Donnellan, 1986; Matson & 

Dilorenzo, 1984; Meyer & Evans, 1989).

Second, studies on punishment must include more complex situations than 

those concerned with reinforcement (Azrin, Holz, & Hake, 1963; Pierce & Epling, 

1995). To investigate any effect of punishment, a target response must be 

maintained by some reinforcement schedule. Pierce and Epling (1995) noted that 

results may reflect both schedules of reinforcement and punishm ent (p. 237). 

Apart from the effect of punishment itself, this interaction must be considered. In 

fact, Azrin et al. (1963) demonstrated that response rate was ordered by level of 

food deprivation; that is, the higher the deprivation, the lower the suppressive 

level. The result implies that studies on punishment may need to focus on not only 

punishm ent itself but also on reinforcement.

Finally, recent issues concerning animal ethics have reduced the amount of
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research on punishment, mainly because of concerns about the use of an electric 

shock (Pierce & Epling, 1995). Pierce and Epling (1995, p. 241) argued that "On the 

basis of animal ethics, investigations of punishment have almost been eliminated 

at the basic level". If some alternative stimulus could be used as an aversive 

stimulus or a positive punisher, it may accelerate progress in the research domain.

7.2 Aversiveness of a loud auditory stimulus

Some recent research has used a loud auditory stimulus as an alternative 

punisher, and has demonstrated that such a stimulus may have aversive properties 

similar to those of an electric shock (McAdie, Foster, & Temple, 1996; McAdie, 

Foster, Temple, & Matthews, 1993; Reed, Collinson, & Nokes, 1995; Reed, Mitchel, 

& Nokes, 1996).

McAdie et al. (1996) examined the effect of a loud stimulus (the sound of 

hens in a poultry shed at 100 dB[A]) on choice behaviour in terms of response 

biases over two alternatives. A peck to one of the two keys produced the sound 

and a peck to the other key terminated the sound. These contingencies occurred 

along a concurrent reinforcement schedule that maintained key pecks to both keys. 

It was found that hens consistently showed a bias away from the sound, although 

it should be noted that the hens did not show any clear differences between 

response rates for the alternative with the sound and that without it. The 

consistent bias towards the non-sound alternative suggested, however, that the
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sound has some aversive properties. McAdie et al. (1996) also demonstrated that 

the generalised matching law with two separate parameters for biases (intrinsic 

and extrinsic biasers) could quantify those response biases.

McAdie et al. (1993) demonstrated that types of sound used may affect 

differentially the extent of response bias, that is, the aversiveness of the sound. 

They compared the effects of four types of sound (music, water-hose, poultry, and 

train) on hens' response biases under concurrent schedules of food reinforcement 

(the intensities of the sounds were arranged within a range of decibel levels (90-100 

dB[A])). The hens showed the largest response bias under the poultry sound 

condition, and the least bias under the music condition. These results showed 

different effects of these sounds on response bias due to the type of the sound 

employed, in addition to the intensity of the sound.

Reed et al. (1995) showed that a loud tone suppressed lever pressing under 

an extinction schedule in rats. They employed a cone VI EXT schedule, and 

compared response rates on the extinction lever across three experimental groups. 

They found that a group of rats that received a response-contingent tone (a 2-s, 105 

dB[A]) showed lower response levels than groups receiving either a 

response-contingent light or no stimuli on an extinction schedule. They also 

demonstrated that the higher the intensity of the tone, the greater the suppressive 

effect on lever pressing. A similar suppressive effect of a tone was also reported 

by Reed et al. (1996).

It should be noted that, apart from these recent studies, some earlier 

experiments have shown divergent results when tone was used (Andronico &
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Forgays, 1962; Symmes & Leaton, 1962). In the first stage of their experiment, 

Andronico and Forgays (1962) compared response rates of a group of rats (Group 

R&T) that received both a continuous reinforcement schedule and a continuous tone 

(6 kHz, 86-98 dB[A]) presentation schedule with the rates of response of groups of 

rats (Group R) under only a continuous reinforcement schedule. They found that 

Group R&T showed higher response rates than Group R. In the second stage, they 

subdivided those groups into two, each of which received either extinction or a tone 

presentation only. There was no difference in the response rates between two 

subgroups from Group R&T, whereas the extinction subgroup from Group R 

showed higher level of responding than the tone presentation subgroup. They 

concluded that the tone may have a facilitative effect on responding level of rats.

However, this conclusion is not acceptable since it ignores at least two 

important aspects of data in the second stage. First, the finding of no difference in 

level of response between the two groups from Group R&T does not support their 

conclusion of a facilitative effect of the tone. Second, contrary to their conclusion, 

the tone seemed to have a suppressive effect on responding level under an 

extinction since the extinction subgroup from Group R showed higher response 

rates than the tone presentation subgroup. Apart from these contradictions, it 

should be noted that the intensity of tone they employed was not so loud as that 

employed in some other studies (McAdie et al., 1993; 1996; Reed et al., 1995; 1996). 

Furthermore, Andronico and Forgays (1962) did not keep the duration of the tone 

constant, instead the tone lasted as long as rats pressed down a lever. Another 

study by Symmes and Leaton(1962) showed that a loud tone has no effect through
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three experiments. Given this, it is clear that further empirical studies should be 

done systematically to arrive at an appropriate conclusion from these studies.

Two critical problems from the above studies remain to be resolved before 

it can be concluded that a loud auditory stimulus has an aversive property in choice 

situations. First, the effect of a loud auditory stimulus on responding itself is not 

very clear. It is not clear whether such a loud auditory stimulus would have 

aversive properties similar to those of an electric shock if it was applied to both 

alternatives under a concurrent reinforcement schedule. Reed et al. (1995; 1996) 

employed the loud auditory stimulus for only one of two alternatives. McAdie et 

al. (1993; 1996) introduced the sounds when hens pecked one of two keys until the 

hens pecked the other key. That is, the sounds were contingent not upon a certain 

class of responses maintained by a reinforcement schedule, but only on one of two 

change-over responses. This could be the critical reason underlying the divergent 

results from the classical studies of Andronico and Forgays (1962) or Symmes and 

Leaton (1962).

Second, it is not clear whether a loud auditory stimulus has the other effect 

on responding in choice situations observed in experiments using an electric shock; 

that is, alteration in sensitivity to reinforcement allocation. As no experiment has 

explored these two effects in terms of the generalised matching law, there is no 

evidence with which the effect of a loud auditory stimulus on the sensitivity could 

be discussed.

To examine these two issues, three procedural aspects should be considered 

as factors that may affect the results. First, the type of an auditory stimulus may
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determ ine the effect on responding level. Reed et al. (1995) showed that a 2-s 

presentation of a click may have a facilitative effect on the responding level under 

a reinforcement schedule, though the intensity at 105 dB[A] was exactly the same 

as that of the tone that showed a suppressive effect in their other experiments. 

McAdie et al. (1993) also showed that types of sounds differentially may affect the 

extent of response bias (i.e. the aversiveness of the sounds). Since there was no 

critical difference between those stimuli in the intensities employed in their studies, 

the type of an auditory stimulus is considered to be critical.

Second, the reinforcement schedule that maintains responding in order to 

examine the effect of an auditory stimulus may also have a critical role. Reed et al. 

(1995) showed that the click had a suppressive effect on the responding level under 

an extinction, whereas the click had a facilitative effect under a reinforcement 

schedule. Andronico and Forgays (1962) demonstrated that a tone had a facilitative 

effect on the responses under a continuous reinforcement schedule. These suggest 

that the same type of auditory stimulus may have divergent effects according to the 

schedule that maintains the responses.

Finally, the escapability or the controllability of the auditory stimulus also 

may be critical. The experimental procedures employed by McAdie et al. (1993; 

1996) included an escape contingency, that is, the hens were allowed to respond on 

the other key to terminate the sound. Andronico and Forgays (1962) gave a 

procedure in which the tone lasted as long as the rat pressed a lever. This situation 

allowed rats to control the duration of the tone through varying the durations of 

their lever press.
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8. Plan of investigation

In order to address the various questions raised in this review of aversively 

motivated choice behaviour the following strategy of investigations is adopted. 

First half of this thesis will investigate the substitutability of tone for shock, in order 

to establish an effective positive punisher. In the process, effects of critical factors 

affecting aversiveness of a tone, such as the type or the length of stimulus, and the 

reinforcement schedule maintaining responding, will be examined. A brief 

discussion, on the methodological issue regarding within-subjects, between- 

subjects, and single-subject designs, will be followed by two experiments using this 

tone-punishment on choice behaviour, one is under an open economy, and the other 

is under a closed economy. These two experiments should answer the questions 

raised in this review, such as the effect of deprivation level, the type of economy on 

suppressive effect of tone, and the effect of punishment on preference shift 

generated by a superimposition of punishment. The results from all these studies 

will be used to address two issues; which model of punishment and which 

behaviour measure is more appropriate; and which behavioural measure represents 

the fundamental process of choice behaviour, response allocation or time allocation.
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CHAPTER 2

Effect of auditory stimuli on performance 

under cone VI VI reinforcement schedules 

: Type of auditory stimulus and reinforcement schedule

The addition of a concurrent punishment schedule to a choice situation under 

a concurrent reinforcement schedule generally has two effects (de Villiers, 1980; 

Farley, 1980; Yoshino, 1986; Yoshino & Kimura, 1991). One is an overall suppressive 

effect on response rates, similar to the suppressive effect that occurs on a single 

operant schedule; the overall amount of responding emitted with the addition of a 

punisher is lower than that in a situation without punishment. Another effect of the 

addition of punishment is to enhance sensitivity to reinforcement allocation. A 

preference shift towards the richer alternative (i.e. overmatching) is usually 

observed when a concurrent punishment schedule is added to a choice situation. 

If the relationship between response rate ratios and reinforcement rate ratio is
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described in terms of the Generalised Matching Law (GML) (Baum, 1974; 1979; 

Davison & McCarthy, 1988), the slope value of the linear regression line during 

punishment is higher than it is during reinforcement.

Although some specific theoretical issues concerning aversive regulated 

behaviour have provoked some recent studies (de Villiers, 1980; 1982; Davison & 

McCarthy, 1992), interest in an aversive regulated behaviour has declined over 

recent years (Baron, 1991; Pierce & Epling, 1995). This decline in interest may have 

been caused, in part, by issues revolving around animal ethics, especially the use 

of an electric shock (Pierce & Epling, 1995). It may help progress in the research 

domain if an alternative stimulus to an electric shock could be found, and the 

conditions specified under which such an alternate stimulus is effective as a positive 

punisher.

As noted in Chapter 1, a loud auditory stimulus may be a candidate for an 

alternative punisher. Several sets of researchers have demonstrated the suppressive 

effect of a tone on responses (McAdie, Foster, & Temple, 1996; Reed, Collinson, & 

Nokes, 1995; Reed, Mitchel, & Nokes, 1996). McAdie et al. (1996) showed an 

aversive property of a loud stimulus by demonstrating a consistent response bias 

away from the sound in a choice situation in hens. Reed et al. (1995; 1996) also 

showed a suppressive effect of tone on responding under extinction w ith the 

addition of response contingent-tone presentations.

However, it is not clear whether such a loud auditory stimulus w ould have 

aversive properties similar to those of an electric shock (in a choice situation) if it 

were applied to both alternatives under a concurrent reinforcement schedule. The
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studies showing a suppressive effect of a tone employed a tone presentation 

schedule only for one alternative of the two available (McAdie et aL, 1993; 1996; 

Reed et aL, 1995; 1996). In studies using shock, the punishment is applied to both 

alternatives. It is also not clear whether a loud auditory stimulus has the other effect 

on responding in choice situations observed in experiments using an electric shock 

(i.e. an alteration in the sensitivity to reinforcement allocation) because no empirical 

investigation has used a tone in this matter.

In contrast to the above studies showing a suppressive effect of a tone, some 

other researchers have demonstrated a facilitative effects (or even no effect) of a tone 

on responding (Andronico & Forgays, 1962; Symmes & Leaton, 1962). Andronico 

and Forgays (1962) found increased response rate during a continuous 

reinforcement schedule with response-contingent tone presentations. Symmes and 

Leaton(1962) showed that a loud tone had no effect on responding in three 

experiments. These apparently divergent results remain in need of explanation if 

a loud auditory stimulus is to be utilised as a punishing stimulus.

Comparison of the procedures employed in these experiments suggests that, 

at least, two aspects of the procedures may be critical in generating the divergent 

results; the type of a loud auditory stimulus used, and the schedule of reinforcement 

used to maintain the responding. With respect to the first of these procedural 

differences, Reed et al. (1995) showed that a click may have a facilitative effect on 

the level of responding under a reinforcement schedule; whereas, on the contrary, 

a tone had a suppressive effect. McAdie et al. (1993) showed that the types of sound 

used may affect differentially the extent of the observed response bias.
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The second procedural difference concerns the reinforcement schedule that 

maintains responding in order to examine the effect of an auditory stimulus. Reed 

et al. (1995) showed that the click had a suppressive effect on the responding level 

under an extinction schedule, but had a facilitative effect under a reinforcement 

schedule. Andronico and Forgays (1962) reported a facilitative effect of a tone on 

responding under a continuous reinforcement schedule, whereas, Reed et al. (1995; 

1996) reported a suppressive effect of a tone under an extinction schedule. These 

results suggest that the same type auditory stimulus may have divergent effects 

according to the schedule that maintains responding.

Given the above, the current studies were conducted in order to investigate 

the substitutability of a loud auditory stimulus for an electric shock. Specifically, 

the present studies attempted to examine the effect of an auditory stimulus on the 

level of responding in a choice situation. The different effects of various type of an 

auditory stimuli was focussed on in Experiment 2.1, and the effect of the 

reinforcement schedule that maintains responding was focussed on in Experiment 

2 .2 .

Experiment 2.1 Effect of type of auditory stimuli on performance under cone VI 

VI reinforcement schedules.

The first experiment was conducted in order to examine the effect of a loud 

auditory stimulus on responses under a concurrent reinforcement schedule. It had
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two specific purposes: First, to investigate whether a loud tone and a loud click have 

different effects on lever pressing in rats; and second, whether those loud auditory 

stimuli have effects on the sensitivity to reinforcement allocation.

M ethod

Subjects. Twenty experimentally naïve, male Lister Hooded rats were used. 

The subjects were 4-5 months old at the start of training, had a free-feeding body 

weight range of 330-370 g and were maintained at 85% of this weight (285-315 g) 

throughout the experiment. The animals were housed in groups of four, with water 

consistently available in their home cages, under a 12/12 ligh t/dark  cycle. The 

experimental sessions were conducted during the light phase of this cycle.

Apparatus. Four identical standard operant chambers (Campden 

Instrum ents Ltd.) were used. Each chamber was located in a light- and 

sound-attenuating case, ventilated by a fan that provided background masking 

noise (65 dB[A]). Each chamber had two levers, both of which were permanently 

inserted into the chamber. A speaker (through which either a tone or a click could 

be delivered) was mounted on the outside of the ceiling of the chamber. The 1 kHz, 

105 dB[A] or 125 dB[A] tone was generated by Audio Generator 258 (Campden 

Instruments Ltd.). The click had the same acoustic properties as the tone except that 

it was modulated to produce a sound every 100 ms. A reinforcer, one 45-mg food 

pellet, was delivered to a centrally located, recessed food tray that was covered by 

a clear Perspex hinged flap.
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Procedure. Each subject received three pre-training stages prior to the 

experimental treatments: magazine training, shaping of lever pressing, and training 

of lever pressing. Subjects were magazine trained in two sessions, during which 

food pellets were delivered according to a variable time (VT) 60-s schedule (range 

1-120 s). Each session was terminated after 30 pellet deliveries. Following 

magazine training, lever pressing was shaped in five sessions, during which lever 

pressing was reinforced according to a cone VI 15-s VI 15-s reinforcement schedule. 

Except for the first session, a 2-s change-over delay (COD) was in operation. Each 

session lasted 20 min. After that, subjects received 15 lever press training sessions 

of a cone VI 30-s VI 30-s reinforcement schedule, along with a 2-s COD. Each of 

these sessions lasted 40 min.

Following these pre-training stages, subjects were divided into five 

experimental groups {n = 4). These groups were counterbalanced for response rates 

to the two levers, and also for the response allocations (responses to the left lever 

divided by the total responses), on the basis of their data during the last five 

sessions of training under the cone VI 30-s VI 30-s schedule.

The experimental treatment included seven phases: Baseline sessions 1, Tone 

sessions 1, Baseline sessions 2, Click sessions. Baseline sessions 3, Tone sessions 2, 

and Baseline sessions 4. Throughout these phases, each group consistently received 

either cone VI 90-s VI 30-s, cone VI 60-s VI 30-s, cone VI 30-s VI 30-s, cone VI 30-s VI 

60-s, or cone VI 30-s VI 90-s reinforcement schedules. Baseline sessions 1 comprised 

23, 40-min sessions, and each of the following six phases comprised 10, 40-min 

sessions. During Tone sessions 1 and 2, each group received a cone VI 60-s VI 60-s
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schedule of 1.5-s tone presentation superimposed over their reinforcement schedule. 

The intensity of tone was 105 dB[A] in Tone sessions 1, and 125 dB[A] in Tone 

sessions 2. In Click sessions, each group received a cone VI 60-s VI 60-s schedule of 

1.5-s click noise presentation (105 dB[A]) as well as each reinforcement schedule.

Data collection and analyses. Data concerning three variables were collected 

during each Baseline session: the number of responses for each lever, the number 

of reinforcements for each lever, and time spent responding for each lever in terms 

of the accumulated time spent on each lever or accumulated interresponse time 

including changeover delays. During the Tone and Click phases, the num ber of 

tone or click presentations for each lever were also counted. The data from the last 

five sessions in each phase were used to calculate group means for these measures.

These data from the seven phases were collapsed to form three stages. Each 

of these stages consisted of Baseline and Intervention (i.e. Tone or Click) sessions. 

Stagel refers to the averaged data from the Baseline sessions 1 and 2 versus the Tone 

sessions 1. Stage2 refers to the averaged data from the Baseline sessions 2 and 3 

versus the Click sessions. Staged refers to the averaged data from the Baseline 3 and 

4 versus the Tone sessions 2. The averaged data were described in terms of 

responses, reinforcement and tone or click presentations, per minute. Time spent 

responding for each alternative was also transcribed into that per minute. Through 

the response rates in each stage, suppression ratios were also calculated for each rat 

in terms of the mean response rate during the Tone or Click divided by the total 

mean response rates during the Baseline and the Tone or Click in each stage. A 

suppression ratio of 0.5 denotes no suppression, below 0.5 suppression, and above
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0.5 facilitation.

A least square linear regression analysis described a regression line for each 

condition in each Stage for the two behavioural measures, response allocation and 

time allocation. The log ratios of response rate or time allocation were described as 

a function of the log ratios of reinforcer rate for each condition in each stage. 

Equation 7 (p. 30) was used for this linear regression analysis.

Results

O verall Response Rate

Table 2.1 and Figure 2.1 depict the group mean response rates for each 

condition in each stage by reinforcement schedule. Table 2.1 also includes mean 

time allocation, mean reinforcement rates, mean tone or click rates, and standard 

errors of mean (SE) for each variable for each alternative.

Inspections of these data reveal that two aspects of the overall response rates 

differed as a result of the experimental treatment. First, group mean response rates 

differed. Throughout all stages, rats under cone VI 30-s VI 60-s showed the highest 

response rate, rats under cone VI 30-s VI 90-s, with an exception during Tone in 

Staged, came next, followed by those under cone VI 30-s VI 30-s, cone VI 60-s VI 

30-s, and cone VI 90-s VI 30-s, respectively. Second, group mean response rates 

differed across the various stages of the study. Response rates in Stage2 were higher 

than those in either Stagel or 3, except for group cone VI 30-s VI 60-s. All groups 

showed the higher response rates in Staged than in Stagel, with an exception
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Table 2.1
Mean ( and S Em ) of Response Rate, Time Allocation ( s ), Reinforcement Rate 

and Tone or Click Rate per minute

Schedule Response Rate Time Allocation Reinforcement Rate Tone/ Click Rate
( Group) Left Right Left Right Left Right Left Right

....S tagel. Baseline
cone VI30-S VI90-S 52.5 24.0 41.48 18.43 1.77 0.53 --- ----

2.47 ) ( 1.79 ) ( 1.12 ) 1.06 ) ( 0.015 ) ( 0.004 )
cone VI30-S VI60-S 65.6 31.6 37.90 22.27 1.69 0.94 ---- ----

14.16 ) ( 3.71 ) ( 2.73 ) 2.96 ) ( 0.028 ) ( 0.016 )
cone VI30-S VI30-S 40.0 33.8 33.40 26.59 1.68 1.52 ---- ----

5.14 ) ( 1.99 ) ( 0.83 ) 0.83 ) ( 0.017 ) ( 0.026 )
cone VI60-S VI30-S 24.4 34.6 23.53 36.47 0.81 1.53 ---- ----

1.40 ) ( 4.61 ) ( 0.26 ) 0.25 ) ( 0.015 ) ( 0.017 )
cone VI90-S VI30-S 20.6 38.5 17.76 42.18 0.48 1.65 ---- ----

3.24 ) ( 1.54 ) ( 1.05 ) 1.04 ) ( 0.006 ) ( 0.016 )
.....Stagel Tone

cone VI30-S VI90-S 54.3 19.3 43.78 16.17 1.84 0.52 0.59 0.25
3.11 ) ( 1.71 ) ( 1.00 ) 1.03 ) ( 0.027 ) ( 0.009 ) ( 0.021 ) ( 0.020 )

cone VI30-S VI60-S 61.1 28.4 39.36 20.52 1.81 0.83 0.61 0.36
11.19 ) ( 2.15 ) ( 1.76 ) 1.67 ) ( 0.054 ) ( 0.010 ) ( 0.051 ) ( 0.048 )

cone VI30-S VI30-S 35.2 33.3 32.74 27.24 1.59 1.60 0.51 0.38
5.63 ) ( 1.23 ) ( 0.18 ) 0.19 ) ( 0.020 ) ( 0.020 ) ( 0.041 ) ( 0.047 )

cone VI60-S VI30-S 24.3 36.0 22.94 37.07 0.90 1.69 0.31 0.51
2.76 ) ( 4.63 ) ( 1.34 ) 1.33 ) ( 0.026 ) ( 0.009 ) ( 0.025 ) ( 0.023 )

cone VI90-S VI30-S 19.9 36.4 17.76 42.21 0.58 1.65 0.30 0.63
1.85 ) ( 2.06 ) ( 0.62 ) 0.64 ) ( 0.012 ) ( 0.015 ) ( 0.011 ) ( 0.009 )

.....Stage2 Baseline
cone VI30-S VI90-S 56.7 24.13 42.57 17.31 1.87 0.50 --- ----

6.03 ) ( 1.22 ) ( 0.76 ) 0.72 ) ( 0.021 ) ( 0.001 )
cone VI30-S VI60-S 65.2 38.39 37.17 22.65 1.69 0.94 ---- ----

12.35 ) ( 1.55 ) ( 2.43 ) 2.41 ) ( 0.031 ) ( 0.019 )
cone VI30-S VI30-S 42.1 34.24 33.00 26.96 1.70 1.51 ---- ----

3.71 ) ( 2.98 ) ( 1.24 ) 1.24 ) ( 0.016 ) ( 0.033 )
cone VI60-S VI30-S 29.7 40.23 24.01 35.98 0.82 1.58 ---- ----

2.70 ) ( 4.03 ) ( 1.81 ) 1.81 ) ( 0.015 ) ( 0.013 )
cone VI90-S VI30-S 23.5 41.67 17.85 42.09 0.52 1.61 ---- ----

3.21 ) ( 1.09 ) ( 0.94 ) 0.93 ) ( 0.006 ) ( 0.012 )
....Stage2 Tone

cone VI30-S VI90-S 55.9 30.2 40.29 19.67 1.76 0.55 0.58 0.26
5.25 ) ( 2.94 ) ( 1.28 ) 1.25 ) ( 0.020 ) ( 0.004 ) ( 0.021 ) ( 0.020 )

cone VI30-S VI60-s 63.3 38.0 36.43 23.56 1.78 0.94 0.61 0.39
12.33 ) ( 3.94 ) ( 2.70 ) 2.70 ) ( 0.017 ) ( 0.017 ) ( 0.055 ) ( 0.055 )

cone VI30-S VI30-S 44.9 36.0 33.07 26.91 1.78 1.50 0.51 0.38
4.53 ) ( 2.27 ) ( 1.34 ) 1.35 ) ( 0.007 ) ( 0.024 ) ( 0.031 ) ( 0.035 )

cone VI60-S VI30-S 29.0 44.6 22.78 37.23 0.83 1.73 0.26 0.50
1.78 ) ( 4.01 ) ( 1.18 ) 1.19 ) ( 0.041 ) ( 0.016 ) ( 0.040 ) ( 0.038 )

cone VI90-S VI30-S 28.6 42.3 19.09 40.90 0.53 1.54 0.31 0.65
4.85 ) ( 0.84 ) ( 1.08 ) 1.09 ) ( 0.006 ) f 0.016 ) ( 0.019 ) ( 0.019 )
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T a b l e  2 , l ( c o n t 'd )
Mean ( and SEm ) of Response Rate, Time Allocation ( s ), Reinforcement Rate 

and Tone Rate per minute

Schedule Response Rate Time Allocation Reinforcement Rate Tone/ Click Rate
( Group) Left Right Left Right Left Right Left Right

Stage3 Baseline
cone VI30-S VI90-S 59.6 22.2 44.06 15.82 1.88 0.47 --- ---

7.65 ) ( 0.98 ) ( 0.80 ) 0.81 ) ( 0.019 ) ( 0.005 )
cone VI30-S VI60-S 62.1 39.8 36.64 23.32 1.72 0.92 --- ---

12.09 ) ( 1.19 ) ( 2.02 ) 2.02 ) ( 0.027 ) ( 0.018 )
cone VI30-S VI30-S 43.2 35.4 31.50 28.46 1.65 1.55 --- ---

2.81 ) ( 2.98 ) ( 1.15 ) 1.16 ) ( 0.008 ) ( 0.039 )
cone VI60-S VI30-S 32.5 41.5 23.46 36.69 0.80 1.65 --- ---

3.39 ) ( 3.51 ) ( 1.33 ) 1.26 ) ( 0.011 ) ( 0.009 )
cone VI90-S VI30-S 24.9 41.6 17.84 42.13 0.53 1.59 --- ---

3.66 ) ( 2.15 ) ( 0.94 ) 0.93 ) ( 0.007 ) ( 0.010 )
Stage3 Tone

cone VI30-S VI90-S 54.2 19.8 42.15 17.66 1.76 0.54 0.89 0.76
10.31 ) ( 0.85 ) ( 0.61 ) 0.64 ) ( 0.026 ) ( 0.019 ) ( 0.008 ) ( 0.024 )

cone VI30-S VI60-S 60.3 34.9 37.35 22.59 1.61 0.82 0.91 0.80
12.16 ) ( 2.30 ) ( 2.21 ) 2.20 ) ( 0.012 ) ( 0.010 ) ( 0.009 ) ( 0.022 )

cone VI30-S VI30-S 39.8 35.8 30.25 29.69 1.67 1.54 0.84 0.77
3.32 ) ( 1.43 ) ( 1.16 ) 1.18 ) ( 0.017 ) ( 0.039 ) ( 0.004 ) ( 0.009 )

cone VI60-s VI30-S 32.6 43.9 21.97 37.86 0.77 1.70 0.77 0.82
3.36 ) ( 2.41 ) ( 1.49 ) 1.39 ) ( 0.012 ) ( 0.023 ) ( 0.023 ) ( 0.040 )

cone VI90-S VI30-S 24.9 39.9 18.83 41.07 0.64 1.54 0.75 0.84
4.09 ) ( 2.19 ) ( 1.81 ) 1.83 ) ( 0.016 ) ( 0.016 ) f 0.029 ) ( 0.009 )

for the group VI 30-s VI 90-s during the Tone condition.

Comparisons of response rates during Tone or Click with those during 

Baseline showed an opposite effect of Tone and Click on responding relative to one 

another. Response rates during Tone, both in Stagel and 3, were lower than those 

during the appropriate Baseline sessions, whereas those during Click were generally 

higher than those during the Baseline (except for group cone VI 30-s VI 60-s).

A three-way analysis of variance (ANOVA) was conducted on these response 

rate data with reinforcement schedule (Schedule) as a between-subject factor, and
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Figure 2.1. Overall response rates over the last 5 sessions of each stage, each condition, for each group. 

BASE = Baseline sessions, TONE = Tone sessions, CLICK = Click sessions. V130, VI90 = cone VI 30-s VI 

90-s, V130, VI60 = cone VI 30-s VI 60-s, VI30, VI30 = cone VI 30-s VI 30-s, VI60, VI30 = cone VI 60-s, VI 30-s, 

VI90, VI30 = cone VI 90-s, VI 30-s.

Stage (1 to 3) and Condition (Baseline/ Tone or Click) as within-subjects factors. 

The ANOVA revealed significant main effects of Schedule (f  (4,15) = 4.68, p < .05) 

and Stage (F(2,30) = 10.33, p < .001). The interactions between Stage and Condition 

(f(2,30) = 13.43, p < .001) and Condition and Schedule (f  (4,15) = 3.67, p < .05) were 

also significant. Neither the other main effects nor the other interactions were 

statistically significant {ps > .10).

Since both interactions including Condition factor were significant, further 

two-way ANOVAs for main effects of Schedule and Condition were conducted for
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Figure 2.2. Overall response rates over the last 5 sessions averaged across groups for each stage and 
each condition. Error bars display the standard  errors of mean. STAGEl and STAGES consisted of 
the Baseline sessions and the Tone sessions, and STAGE2 consisted of the Baseline sessions and the 
Click sessions.

each stage with the appropriate corrections for the degrees of freedom (Howell, 

1992, p. 449). In all stages, the main effect of Condition was significant (Stagel: 

f(l,15) = 14.82, p < .01; Stage2: f (1,15) = 9.43, p < .01; and StageS: F(l,15) = 6.48, p < 

.05). The main effect of Schedule was significant in Stagel (F(4,15) = 5.38, p < .01) 

and Stage2 (F(4,15) = 4.59, p < .05) but not in Stage3 (F(4,15) = 2.53, p > .05). The 

interaction of these two factors was not significant in any of the Stages (ps > .05).

The main effect of Condition is shown much more clearly in the averaged 

response rates across schedules (Figure 2.2). As shown in the former analyses, it is 

clear that the mean response rate during Baseline was higher than that during Tone 

in Stagel and 3. In contrast, it was lower than that during Click in Stage2.
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F igure  2.3. Suppression ratios according to the overall response rates over the last 5 sessions 

averaged  across groups for each stage and each condition. 0.5 m eans no suppression, below  0.5 

suppression, and above 0.5 facilitation. Error bars display the standard  errors of mean. STAGEl and 

STAGES consisted of the Baseline sessions and the Tone sessions, and STAGE2 consisted of the 

Baseline sessions and the Click sessions.

Suppression Ratio

The suppression ratios were consistent with the results of the response rate 

(Figure 2.3). A two-way ANOVA (Schedule x Stage) revealed that the main effect 

of Stage was significant(F(2,30) = 14.30, p < .001), whereas that of Schedule and the 

interaction of these two were not significant {ps > .05). Multiple comparisons 

betw een stages according to the Games-Howell procedure (Howell, 1992, p. 449) 

showed the differences between Stagel and 2 (F(l,15) = 32.22, p < .001), and Stage2 

and 3 (F(l,15) = 16.42, p < .01) were significant, but the difference between Stagel 

and 3 was not (F < 1).
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Table 2.2

Results of least square linear regression analyses according to the generalised m atching law 
in Experiment 2.1. S E  denotes the standard  error of estimation.

%VAC is the percentage of data variance accounted for by the fitted line.

Response allocation Time allocation
Stage and condition Inter % Inter %

Slope ( S B ) cept VAC Slope ( SE) cept VAC

Stagel /  Baseline .638 .067) .061 95.6 .711 ( .041) .023 9&6
/  Tone .741 .029) .051 99.3 .800 ( .044) .017 98.7

S tag e !/ Baseline .598 .021) .051 99.5 .716 ( .036) .016 9&9
/  Click .519 .051) .037 95.8 .669 ( .032) -.002 99.0

StageS/ Baseline .587 .021) .062 99.5 .738 ( .027) .007 99.5
/  Tone .669 .039) .063 98.3 .767 ( .030) -.011 99.2

S en sitiv ity  to Reinforcement A llocation

The results of the least square linear regression analyses according to the 

generalised matching law are shown in Table 2.2, and regression lines from these 

analyses are summarised in Figure 2.4. Figure 2.5 depicts slope values (i.e. 

sensitivities to reinforcement allocation) and SE, across Stages, Conditions, for the 

two behavioural measures.

Three consistent tendencies were found in the regression lines for both 

response and time allocations. First, every regression line was fitted well to each set 

of data. The variance accounted for (VAC) was more than 95.0% for all cases. Next, 

all the slope values were between 0.5 and 0.8 indicating that undermatching 

occurred. The lowest was 0.519 for response allocation during Click in Stage2, and 

the highest was 0.800 for time allocation during Tone in Stagel. Finally, the 

intercepts were larger than zero indicating a response bias to left alternative, with 

two exceptions for time allocation during Click in Stage2 and Tone in StageS.
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Figure 2.4. Log response ratios (left panels), and log time allocation ratios (right panels) as a function of 
log obtained reinforcer ratios in each stage and each condition. All data shown were the averaged over the 
last 5 sessions in each group. O pened circle denotes data during the Baseline sessions, and  filled circle 
denotes data during the Tone or Click sessions. Solid lines show fitted least squares regression lines during 
the Baseline sessions, broken lines show  those during the Tone or Click sessions. Diagonal dotted line 
denotes the strict matching. Equations of the regression analyses are also given w ith the variances of 
accounted  for in parentheses. STAGEl and STAGES consisted of the Baseline sessions and the Tone 
sessions, and STAGE2 consisted of the Baseline sessions and the Click sessions.
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Figure 2.5. Sensitivities to reinforcement allocation as slope values of the regression analyses for each 
stage, each condition, and each behavioural measure. Opened circles and solid lines display data for 
response allocation, and filled circles and broken lines display data for time allocation. Error bars 
display standard errors of estimation.

Comparisons of the slope values revealed two differences in the sensitivity 

to reinforcement allocation. First, the sensitivities for Baseline and Tone or Click 

differed from each other. The slope value during Tone in both Stagel and 3 was 

higher than that during Baseline. On the contrary, the slope value during Click was 

lower than that during Baseline in Stage2. These differences were obtained for both 

behavioural measures. Second, the sensitivity of time allocation was higher than 

that of response allocation both during Baseline and Tone or Click in all stages.
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Discussion

The response rate and suppression ratio data imply that the tone and click 

stimuli have different effects to one another on lever pressing. A loud tone has a 

suppressive effect on lever pressing. On the contrary, a click has a facilitative effect 

on it. The response rates during Tone were significantly lower than those during 

Baseline, whereas the response rates during Click were significantly higher than 

those during Baseline. Not only the response rates, but also the suppression ratios 

consistently showed these effects.

These data also suggest that the type of an auditory stimulus may be 

im portant in determining its effect on responding. Though the intensities of the 

tone (Stagel) and the click (Stage2) were the same, the direction of the effects of each 

stim ulus was the opposite to each other. This diverse result of a loud tone and a 

click was also suggested by Reed et al. (1995). They reported response suppression 

w hen a response-contingent tone was introduced to the extinction lever, but 

response facilitation when a click was introduced to the alternative maintained by 

a VI schedule of reinforcement. This result is also consistent with the findings by 

McAdie et al. (1993), which demonstrated that four types of sound produced 

different levels of response bias in a choice situation. These results, taken together, 

suggest that the type of auditory stimulus may play a critical role in determining the 

effect on responding.

The results of the slope values during the Baseline and Tone/ Click stages 

also imply that the tone and click have different effects on the sensitivity to 

reinforcement allocation. The tone has an enhancing effect on the sensitivity, on the

81



contrary, the click has an impeding effect on the sensitivity. In Stagel and 3, the 

slope values during Tone, both for response allocation and time allocation, were 

higher than those during Baseline. Whereas, in Stage2, the slope values during 

Click, for both behavioural measures, were lower than those during Baseline.

Though it can be said that tone has a suppressive effect on responding, the 

extent of this effect is not so large as that generated by an electric shock. As both 

suppression ratios in Stagel and 3 were 0.489, the extent of suppression was less 

than five percent compared to Baseline. These figures are not large when compared 

to those reported in many experiments involving shock summarised by Azrin and 

Holz (1966).

The slight suppressive effect of the tone contrasts with the that noted by Reed 

et al. (1995; 1996). This suggests that a difference in the reinforcement schedules on 

the alternative for which tone schedule was applied could be critical in determining 

the extent of the suppressive effect of tone. Reed et al. (1995; 1996) introduced the 

tone schedule only on an extinction schedule, whereas in the present study it was 

introduced for both alternatives, each of which has a relatively rich reinforcement 

schedule. Similarly, instead of the suppressive effect, a facilitative effect of a tone 

reported by Andronico and Forgays (1962) was under a continuous reinforcement 

schedule. Since a target response selected for punishment must be m aintained by 

a reinforcement schedule, the outcome of the punishing situation usually reflects 

some interaction between the reinforcement and the punishment schedules (Epling 

& Pierce, 1990; Linscheid & Meinhold, 1990; Pierce & Epling, 1995). These results 

suggest that the extent of the suppression is determined by the sum of the enhancing
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effect of a reinforcement schedule and the suppressive effect of a punishment 

schedule. If this is true, it would be expected larger suppressive effects on lever 

pressing would be obtained when the reinforcement schedule is leaner than used 

in the present study.

Experiment 2.2 Effect of frequencies of a reinforcement schedule on the 

suppressive effect of a tone.

The second experiment was conducted in order to investigate whether the 

suppressive effect of a loud tone on lever pressing in rats does vary according to the 

reinforcement schedule maintaining responding. That is, the study asked whether 

a larger suppressive effect would be obtained under a leaner reinforcement 

schedule, and whether a smaller suppressive effect would be obtained under a 

richer reinforcement schedule. If these results are obtained, then the effect of the 

loud tone on the sensitivity to reinforcement allocation will be discussed, and two 

behavioural measures, response allocation and time allocation, will be compared 

with each other in terms of the sensitivity to reinforcement allocation.

Method

Subjects and apparatus. Sixteen experimentally naïve, male Lister Hooded 

rats were used. The subjects were 7-8 months old at the start of training, had a 

free-feeding body weight range of 445-595 g and were maintained at 85% of this
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T a b l e  2 .3

Values of Variable Interval schedules for each alternative employed 

during Pretraining and Experimental stages for each Group of experiment.

Group 3:1 Group 2:1 Group 1:2 Group 1:3
Stage Left Right Left Right Left Right Left Right

Pretraining
1 25 75 25 50 50 25 75 25
2 50 150 50 100 100 50 150 50
3 75 225 75 150 150 75 225 75
4 100 300 100 200 200 100 300 100
5 125 375 125 250 250 125 375 125

Experimental Stages
1 (lean) 150 450 150 300 300 150 450 150
2 (rich) 50 150 50 100 100 50 150 50

3 (middle) 100 300 100 200 200 100 300 100
4 (lean) 150 450 150 300 300 150 450 150

weight (380-505 g) throughout the experiment. Other details regarding subjects and 

apparatus were as described in Experiment 2.1.

Procedure. Each subject received three pre-training stages prior to the 

experimental treatment. The first two stages of two magazine training sessions, and 

five cone VI 15-s VI 15-s training sessions were identical to those in Experiment 2.1. 

Following these stages, subjects were divided into four experimental groups (n = 4). 

These groups were counterbalanced for response rates to the two levers, and also 

for the response allocations, on the basis of their data during the last three sessions 

under cone VI 15-s VI 15-s schedule. The final pre-training stage consisted of five 

stages of eight lever training sessions. Throughout these stages, and the 

experimental stages described below, each group consistently received a relative 

reinforcem ent allocation of 3:1, 2:1,1:2, or 1:3 on the two alternative levers. The 

schedules applied to each group in each stage are summarised in Table 2.3. Each 

session lasted 40 min and a 2-s COD was effective.
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The experimental treatment included four stages, each of which consisted of 

eight Baseline sessions, eight Tone sessions, and five Recovery sessions. The 

reinforcement schedules for each group in each stage are summarised also in Table 

2.3. During the Tone sessions, each group received a cone VI 60-s VI 60-s schedule 

of tone presentation along with each reinforcement schedule. The intensity of the 

tone was 105 dB[A] and its length was 1.5-s throughout the stages. Each session 

lasted 40-min, and a 2-s COD was applied to both the reinforcement schedule and 

tone presentation schedule. The Tone sessions were followed by five Recovery 

sessions, during which each group received the same reinforcement schedule as in 

the Baseline sessions prior to the Tone sessions.

D ata  collection and analysis. Three variables were recorded during the 

Baseline and Recovery sessions, and four during the Tone sessions, as described in 

Experiment 2.1. The data from the last five sessions in the Baseline or Tone sessions, 

and the last three sessions in the Recovery sessions, were used to calculate group 

means for these measures. The data from the Baseline and Recovery sessions were 

combined to obtain a single mean for each stage and this was compared with that 

during  the Tone sessions. Other aspects of data collection and analyses were as 

described in Experiment 2.1.

Results

Response Rate

Table 2.4 and Figure 2.6 depict the group mean response rates for each
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T a b l e  2 .4

Mean ( and S E m  ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Schedule 
( Group)

Response Rate 
Left Right

Time Allocation 
Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

Stagel Qean) Baseline
cone VI150-S VI450-S 20.7 8.0 4S.58 14.17 0.43 O.IS --------- ---------

1.14 ) ( 0 .7!) ( 1.91 ) ( 1.89) ( 0.003 ) ( 0.003 )
cone VI150-S VI300-S !1.9 9.3 44.3! 1S.46 0.40 0.17 --------- — —

7.01 ) ( 1.4S) ( 0.4! ) ( 0.39) ( 0.001 ) ( 0.004)
cone VI300-S VIlSO-s l ! . l 16.8 !3.44 36.21 0.20 0.4! --------- ---------

0.96 ) ( 1.09) ( 3 J 4 ) ( 3.34) ( 0.006 ) ( 0.007)
cone VI450-S VI150-S 10.6 !S.O 13.79 4S.98 0.11 0.36 ---------

1.38 ) ( 3.3S) ( 1.08 ) ( 1.07) ( 0.004 ) ( 0.003 )
Stagel (lean) Tone

cone VI150-S VI450-S !0.1 6.7 46.60 13.2! 0.43 0.13 0.90 o.ss
1.46 ) ( 0.80 ) (  2 ^ 8 ) ( 2 1 6 ) ( 0.006 ) ( O.OOS ) ( 0.014 ) ( 0.038 )

cone VI150-S VI300-S ! ! . ! 7.7 46.!4 13.S9 0.38 0.16 0.93 0.S8
8.0! ) ( 1.06) ( O j W ) ( 0.93) ( 0.003 ) ( 0.001 ) ( O.OIS ) ( 0.033 )

cone VI300-S VIlSO-s 9.6 1!.4 !4.9S 34.93 O.IS 0.29 0.S4 0.61
!.63 ) ( !.63 ) ( 4.70 ) ( 4.71 ) ( 0.018 ) ( 0.0S8) ( 0.084 ) ( 0.137)

cone VI450-S VIlSO-s 7.0 !0 .! 1!.0! 47.67 0.09 0.30 O.S! 0.84
0.6! ) ( 3.74) ( 0 j % ) ( 0.9!) ( 0.00! ) ( 0.003) ( 0.013 ) ( 0.019 )

Stage! (rich) Baseline
cone VI50-S VI150-S 22.4 7.5 4S.71 13.97 1.13 0.33 --------- ---------

1.63 ) ( 0.S7) ( 1.27 ) ( 1.27) ( 0.007 ) ( 0.01!)
cone VI50-S VIlOO-s !S.l 11.4 4!.S! 17.3! 1.04 0.4S --------- ---------

6.08 ) ( 1.78 ) ( O.SO ) ( O.S!) ( O.OIS ) ( 0.014)
cone VIlOO-s VISO-s 14.1 21.2 !3.0! 36.67 0.47 0.98 --------- ---------

1.60 ) ( 1.31 ) (  ! 2 6 ) ( 2 3 0 ) ( 0.006 ) ( 0.017)
cone VI150-S VISO-s 11.4 !S.4 14.94 44.6! 0.33 0.93 --------- — —

1.31 ) ( 3.77) ( 1.3! ) ( 1 .3!) ( 0.007 ) ( 0.003 )
Stage! (rich) Tone

cone VISO-s VIlSO-s 22.1 6.0 4 7 .2 6 12S1 1.0! 0.28 0.86 O.Sl
2.08  )  ( 0.40 ) ( 1.0! ) ( 1.07) ( 0.031 ) ( 0.008 ) ( 0.01! ) ( 0.028 )

cone VISO-s VIlOO-s 26.6 9.1 46.07 13.8S 1.07 0.41 0.91 0.S6
7.35 ) ( l.!3  ) ( 0.S8 ) ( 0.60) ( 0.021 ) ( 0.025 ) ( 0.018 ) ( 0.033 )

cone VIlOO-s VISO-s 11.8 18.9 2S.89 33.8! 0.40 0.81 0.S3 0.68
1.37 ) ( 4.61 ) ( 4 4 8 ) ( S.04) ( 0.0S4 ) ( 0.164) ( 0.07S ) ( 0.131 )

cone VIlSO-s VISO-s 10.0 !4.4 14.9S 44.76 0.26 1.00 0.S7 0.81
1.08 ) ( 3.11 ) ( 2 J 6 ) ( 2 3 6 ) ( 0.013 ) ( 0.023) ( 0.016 ) ( 0.02! )

86



T a b l e  2 .4  ( c o n t 'd )

Mean ( and SEm  ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Schedule 
( Group)

Response Rate 
Left Right

Time Allocation 
Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

Baseline
cone VIlOO-s VI300-S 22.7 6.7 46.50 13.29 0.49 0.14 --------- —-------

3.05 ) ( 0.74) ( 1.62) 1.65 ( 0.003 ) ( 0.005)
cone VIlOO-s VI200-S 26.9 9.7 44.75 15.11 0.58 0.21 --------- ---------

7.37 ) ( 1.24) ( 1.39) 1.42 ( 0.004 ) ( 0.005 )
cone VI200-S VIlOO-s 15.0 21.7 25.32 34.50 0.28 0.50 --------- ---------

0.34 ) ( 1.04) ( 1.23) 1.21 ( 0.004 ) ( 0.011 )
cone VI300-S VIlOO-s 12.6 26.4 16.63 43.06 0.21 0.58 ---------

1.48 ) ( 3.32) ( 2.22) 2.19 ( 0.003 ) ( 0.003)
Stage3 (middle) Tone

cone VIlOO-s VI300-S 22.5 6.4 45.45 14.10 0.63 0.16 0.85 0.54
2.99 ) ( 0.67) ( 1.11) 1.01 ( 0.009 ) ( 0.004) ( 0.011 ) ( 0.004 )

cone VIlOO-s VI200-S 26.2 9.9 44.70 15.06 0.55 0.28 0.92 0.62
5.88 ) ( 0.93) ( 1.13) 1.21 ( 0.004 ) ( 0.007) ( 0.021 ) ( 0.035 )

cone VI200-S VIlOO-s 13.0 22.2 21.37 38.39 0.30 0.57 0.68 0.69
0.86 ) ( 1.40) ( 0.85) 0.82 ( 0.003 ) ( 0.011 ) ( 0.017) ( 0.015 )

cone VI300-S VIlOO-s 11.8 25.4 16.05 43.61 0.21 0.55 0.65 0.83
1.58 ) ( 3.16) ( 1.92) 1.93 ( 0.014 ) ( 0.004 ) ( 0.032 ) ( 0.007 )

Stage4 ( ean) laseline
cone VI150-S VI450-S 16.7 6.0 46.34 13.37 0.36 0.11 — — ---------

1.85 ) ( 0.65) ( 1.20) 1.21 ( 0.005 ) ( 0.005 )
cone VI150-S VI300-S 20.4 7.3 45.26 14.42 0.41 0.14 --------- ---------

5.92 ) ( 1.26) ( 1.29) 1.35 ( 0.004 ) ( 0.003 )
cone VI300-S VIlSO-s 12.8 16.2 26.91 32.92 0.20 0.35 ---------

0.82 ) ( 1.09) ( 1.61) 1.63 ( 0.007 ) ( 0.012)
cone VI450-S VIlSO-s 9.6 23.1 14.79 44.98 0.11 0.35 --------- ---------

1.24 ) ( 4.29) ( 2.04) 2.00 ( 0.002 ) ( 0.005 )
Stage4 ( ean) Tone

cone VI150-S VI450-S 16.4 6.0 44.69 14.79 0.38 0.13 0.83 0.49
2.71 ) ( 0.90) ( 1.61) 1.65 ( 0.005 ) ( 0.007) ( 0.015 ) ( 0.018 )

cone VI150-S VI300-S 19.9 6.1 47.27 12.41 0.40 0.11 0.83 0.50
5.14 ) ( 0.67) ( 2.12) 2.16 ( 0.009 ) ( 0.006) ( 0.020 ) ( 0.019 )

cone VI300-S VIlSO-s 8.6 14.8 21.15 38.64 0.14 0.34 0.54 0.73
1.09 ) ( 2.22) ( 1.57) 1.60 ( 0.016 ) ( 0.036) ( 0.091 ) ( 0.088 )

cone VI450-S VI150-S 7.7 23.8 12.23 47.56 0.10 0.36 0.51 0.78
0.99 ) ( 3.37) ( 1.86) 1.82 ( 0.002 ) ( 0.004) ( 0.038 ) ( 0.011 )
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condition in each stage for each reinforcement schedule. Table 2.4 also includes the 

mean time allocation, the mean reinforcement rates, the mean tone rates, and SE for 

each variable for each alternative.

Inspection of these data reveals that three aspects of the overall response rates 

differed due to training. First, the group mean response rates were not necessarily 

equal to each other across the reinforcement schedules. In the six out of the eight 

conditions, the 1:3 reinforcement rate group showed the highest rate of responding, 

and in seven from eight conditions the 3:1 group showed the lowest. The order of 

the responding levels for the other two groups was not consistent across the 

conditions. Second, the group mean response rates across the stages differed from 

each other. The response rates increased from Stagel (lean schedule) to Stage! and 

3 (rich and middle schedule) and decreased in Stage4 when the leaner reinforcement 

schedule was replicated. However, the response rate in Stage4 was lower than that 

in Stagel although both stages employed the same reinforcement schedules. This 

tendency was consistent throughout the four groups. Finally, in all stages, the 

response rates during Tone were lower than those during Baseline. Regardless the 

reinforcement schedule employed, every group showed lower responding level 

during Tone than that during Baseline.

A three-way ANOVA (Schedule x Condition x Stage) for response rates 

show ed significant main effects of Stage (f  (3,36) = 21.47, p < .001) and Condition 

(f(l,12) = 21.18, p < .001) but no significant main effect of Schedule {p > .65). There 

were no significant interactions {ps > .10) in any combination.

As one of the main purpose of this experiment was to explore the suppressive
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Figure 2.6. Overall response rates over the last 5 sessions of each stage, each condition, for each 

group. 3:1, 2:1,1:2 and 1:3 refer to ratios of reinforcement schedules for left to right lever, which each 

experim ental groups received. LEAN, RICH, and MIDDLE refer to the reinforcement frequency. 

BASE = Baseline sessions, TONE = Tone sessions. See Table 3 for schedules in detail.

effect of tone among different reinforcement schedules, further two-way ANOVAs 

for the main effects of Schedule and Condition were conducted with appropriate 

modifications for the degrees of freedom (Howell, 1992, p. 449). These analyses 

revealed that the main effect of Condition was significant only in Stagel (F(l,12) =
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Figure 2.7. Overall response rates over the last 5 sessions averaged across groups of each stage and 

each condition. Error bars display the standard errors of mean. LEAN, RICH, and MIDDLE refer to 

the reinforcement frequency. See Table 3 for schedules in detail.

10.01, p < .01) and it was on the border of the statistical significance in Stage4 

(F(l,12) = 4.32, p = .0575), whereas that it was not significant either in Stage2 or 3 {ps 

> .15). These analyses also showed no significant main effect of Schedule {ps > .50) 

and no significant interaction for any of the Stages {ps > .25).

The m ain effect of Stage is shown much more clearly in the averaged 

response rates across the schedules (Figure 2.7). In both Stagel and 4, under the 

leaner reinforcement condition, the response rates both during Baseline and Tone 

were lower than those in Stage2 and 3. Figure 2.7 also shows that the response rate 

during Baseline was higher than that during Tone in all Stages.

90



.52 r

.50O
<
Œ

g  .48 
(/)
(f)
LU 
CL 
0_
0_
3  
(f)

.46

<
LU

.44

.42 L
STAGE1

(LEAN)
STAGE2
(RICH)

STAGES
(MIDDLE)

STAGE4
(LEAN)

EXPERIMENTAL STAGES

Figure 2.8. Suppression ratios according to the overall response rates over the last 5 sessions 

averaged across groups of each stage and each condition. 0.5 means no suppression, below 0.5 

suppression, and above 0.5 facilitation. Error bars display the standard errors of mean.

Suppression Ratio

The suppression ratios were consistent with the results and the analyses of 

the response rate (Figure 2.8). Mean suppression ratio was the lowest in Stagel, 

more or less the same in Stage! and 4, and the highest in StageS. However, neither 

the main effect of Stage nor Schedule was significant by a two-way ANOVA (ps > 

.05). Interaction between these two factors was also not significant ( f  < 1).
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Table 2.5

Results of least square linear regression analyses according to the generalised matching law 
in Experiment 2.2. SE denotes the standard error of estimation.

%VAC is the percentage of data variance accounted for by the fitted line.

Stage and condition

Response allocation Time allocation

Slope ( S B )
Inter
cept

%
VAC Slope ( S B )

Inter
cept

%
VAC

Stagel /  Baseline .797 ( .049) .065 98.9 1.034 ( .081) .058 98.3
/  Tone .911 ( .090) .079 97.4 1.102 ( .125) .069 96.7

Stage2/ Baseline .808 ( .031) .046 99.6 .956 ( .074) .026 98.4
/  Tone .862 ( .031) .092 99.7 .921 ( .065) .108 98.9

StageS/ Baseline .879 ( .004) .059 100.0 .956 ( .052) .047 99.2
/  Tone .924 ( .084) .062 97.7 .990 ( .137) .031 94.7

Stage4/ Baseline .805 ( .047) .048 99.2 .955 ( .081) .052 98.2
/  Tone .857 ( .050) .028 99.3 .982 ( .075) .022 98.8

S en sitiv ity  to Reinforcement A llocation

Results of the least square linear regression analyses according to the 

generalised matching law are summarised in Table 2.5 and regression lines from 

these analyses are drawn in Figure 2.9. Figure 2.10 depicts slope values and SE to 

compare sensitivities to reinforcement allocation across Stages, Conditions, and two 

behavioural measures.

All regression lines were well fitted to each set of data. Percentage of the 

VAC was higher than 94% in all cases, and in 12 from 16 cases it was higher than 

98%. The slope values for response allocation were between 0.797 and 0.924, which 

meant undermatching occurred, and the values for time allocation were higher than 

those, from 0.921 to 1.102. All intercepts had a positive value and showed a 

response bias to left alternative in all cases.
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parentheses.
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Figure 2.10. Sensitivities to reinforcement allocation as slope values of the regression analyses for 
each stage, each condition, and each behavioural m easure. Opened circles and solid lines display 
data for response allocation, and filled circles and broken lines display data for time allocation. Error 
bars display the standard errors of estimation.

Comparisons of the slope values across conditions and the two behavioural 

measures revealed two tendencies. First, with one exception (time allocation in 

Stage2), the slope values increased when Condition shifted from Baseline to Tone. 

Second, the slope values for time allocation were consistently higher than those for 

response allocation in all conditions and stages.
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Discussion

Two predicted effects of the tone were considered using response rate and 

suppression ratio data. First, the suppressive effect of the tone was obtained again 

in this experiment. This suggests that the tone has a suppressive effect on 

responding level. Second, according to the reinforcement schedule used, the 

suppression level obtained was varied. The tone produce significant suppression 

under the leaner reinforcement schedules, but when the schedule was richer there 

was little suppression.

However, the reasons for the failure to find a statistical significant 

suppressive effect in Stage4, on the border of the significant level, should be 

considered because both Stagel and Stage4 employed the same lean reinforcement 

schedule. Two explanations of this failure are worth brief mention; habituation and 

behavioural contrast (Reynolds, 1961). Some habituation process may have 

contributed to the failure to note the effect of the tone in Stage4. Through three 

stages prior to Stage4, each rat has received 24 tone sessions, with an average of 

more than 50 tone presentations per session (Table 2.4). This could have lead to 

habituation of the tone, and consequent reduction in its aversive properties.

Another explanation of the failure is that a shift from a richer to a leaner 

reinforcement schedule generated behavioural contrast. Compared to the Baseline 

data in Stagel, the response rate in Stage4 decreased (Table 2.4 and Figure 2.7). The 

averaged response rates during Baseline across groups was 31.12 in Stagel, and it 

was 28.02 in Stage4, whereas the averaged data during the Tone sessions was 26.44 

in Stagel and 25.83 in Stage4, respectively. The shift in schedule m ay have
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introduced contrast effects that reduced the Baseline rate of responding. This 

difference in the Baseline data compared to Stagel may have contributed to the 

failure to find suppression because it meant that, in comparison to the Baseline, the 

suppressive effect of the tone was absent. If the responding level during the 

Baseline sessions in Stage4 had been higher than it was, and around the level of that 

in Stagel under the same reinforcement schedule, then there would be more scope 

to observe the suppression.

Regardless of whichever of the two views explains the failure to note a 

significant main effect in Stage4, the schedule maintaining responding can be 

considered as a critical factor determining the suppressive effect of tone. Reed et 

al. (1995; 1996) showed the suppressive effect on responding level during an 

extinction even though they employed the factor of tone as a between-subjects 

variable. These data combined with those from the present experiment suggest that 

the extent of the suppression varies according to the reinforcement schedule 

maintaining the responding. The leaner the schedule, the greater the suppressive 

effect.

The addition of a tone again generally produced a preference shift towards 

the richer alternative. Even when the suppression level was not very large, this 

preference shift was obtained for both behavioural measures. The one exception to 

this was during Stage! for time allocation, where the preference shift was observed 

to the opposite direction. In this stage, a large bias shift was also observed, 0.026 to 

0.108, when the condition shifted from Baseline to Tone. The difference of 0.082 in 

these bias values obtained in Stage! for time allocation was much greater than those
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in the other comparisons (between 0.003, in StageS for response allocation, and 

0.046, in Stagel for response allocation). Some unknown factor may have affected 

the preference shift and the bias shift in this case.

General discussion

The results of these two experiments confirm that a loud tone has a 

suppressive effect on responding, and that the type of a loud stimulus has a critical 

role in determining the effect of the stimulus. The response rate during the Click 

sessions was higher than that during the Baseline sessions, on the contrary, the 

response rate during the Tone sessions was lower than that during the Baseline 

sessions (Experiment 2.1). The suppression ratio data also support the opposite 

effects of a tone and a click. This suggestion is also supported by the analysis of the 

previous studies (McAdie et al., 1993; Reed et al., 1995; 1996). McAdie et al. (1993) 

showed that hens' response biases under concurrent schedules differed due to the 

type of the sounds employed. Reed et al. (1995; 1996) reported a suppressive effect 

of tone on the responses under an extinction schedule, whereas Reed et al. (1995) 

reported a facilitative effect of a click on responding level maintained by a 

reinforcement schedule. Since there was no critical difference in the intensities of 

the stimuli employed in these studies, the type of the stimuli is considered to be a 

critical factor

The experiments also confirmed that the extent of the suppression varied
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according to the reinforcement schedule that maintained the responding. The 

present two studies showed that the suppression ratio obtained under a leaner 

reinforcement schedule was lower than that obtained under a richer schedule 

(Experiment 2.2). When the suppression ratio and the frequency of the 

reinforcement schedule were compared across the current experiments, the 

suppression ratios in Experiment 2.2 under the leaner schedules were generally 

lower than those in Experiment 2.1 under the richer schedules. Other studies also 

support this suggestion (Andronico & Forgays, 1962; Reed et al., 1995; 1996). A 

facilitative effect of tone was found when a very rich reinforcement schedule like 

a continuous reinforcement is employed (Andronico & Forgays, 1962). A 

suppressive effect was found when an extinction schedule was employed (Reed et 

al., 1995; 1996). These results consistently suggest that the frequency of a 

reinforcement schedule maintaining the responses affects the extent of the 

suppressive effect.

The present data also confirmed that the addition of a tone produces a 

preference shift towards a richer alternative. These consistent results have been 

obtained through the present two experiments. It should be noted also that studies 

using an electric shock as a punisher consistently show this preference shift (de 

Villiers, 1980; Farley, 1980; Yoshino, 1986; Yoshino & Kimura, 1991). Thus, it may 

be concluded that the addition of a tone produces a preference shift towards a richer 

alternative or overmatching, just as the addition of a punishment schedule with an 

electric shock produces.

Two other aspects of data from the slope values also deserve comment. First,
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comparisons of the slope values for behaviour allocation and time allocation 

consistently showed that the sensitivity to reinforcement allocation for time 

allocation was higher. This is consistent with results from other studies that have 

shown that the sensitivity to reinforcement allocation for time allocation is higher 

than that for response allocation (e.g., Davison & McCarthy, 1988).

Second, the slope values obtained in Experiment 2.2 were generally higher 

than those in Experiment 2.1. All slope values for response allocation were higher 

than 0.75, whereas those in Experiment 2.1 were lower than 0.75. Furthermore, 

more-or-less matching or even overmatching for time allocation was found in 

Experiment 2.2, on the contrary undermatching was common for both behavioural 

measures in Experiment 2.1. This difference may be caused by the difference of the 

reinforcement schedules employed in those experiments. Overall reinforcement 

frequencies during Experiment 2.2 were clearly lower than those during Experiment

2.1. This lower reinforcement frequency may have enhanced the sensitivity to 

reinforcement allocation. However, this is the opposite result from a report that 

sensitivity to reinforcer frequency decreased as the overall reinforcer rate decreased 

for both time allocation and response allocation (Alsop & Elliffe, 1988). The 

difference in the experimental design, a group analysis versus a single subject 

analysis, may have played a critical role in generating these opposing results. Some 

further studies should be conducted to examine this issue.

The present study demonstrated that both the type of a loud auditory 

stim ulus and the reinforcement schedule are considered as a critical factor in 

determ ining the effect on the responses maintained by a reinforcement schedule.
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A loud tone has a suppressive effect, on the contrary, a click has a facilitative effect. 

The leaner the schedule of reinforcement, the greater the suppressive effect of the 

tone. Meanwhile, it was confirmed that a loud tone produces a preference shift 

towards the richer alternative.
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CHAPTER 3

Effect of duration on the suppressive effect of a tone

A loud auditory stimulus has a suppressive effect on responding (McAdie, 

Foster, & Temple, 1996; McAdie, Foster, Temple, & Matthews, 1993; Reed, 

Collinson, & Nokes, 1995; Reed, Mitchel, & Nokes, 1996). The two experiments 

reported in Chapter 2 confirmed this effect. Moreover, the experiments reported in 

the previous chapter found that the suppressive effect of tone is greater under leaner 

reinforcement schedules maintaining the responses than it is under richer 

reinforcement schedules, and that the extent of the suppressive effect varies 

depending on the type of auditory stimulus employed. Taken together, these 

findings suggest that a loud tone may be used as a positive punisher like an electric 

shock in a behavioural study.
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When an electric shock is used in a study of punishment, factors other than 

the reinforcement schedule affect its suppressive effect on responding (Azrin & 

Holz, 1966; Baron, 1991; Pierce & Epling, 1995 for summary). The effect of such 

factors as the intensity, delay or immediacy, and duration of the punishing stimulus 

have been explored. For example, the more severe the intensity of punishment, the 

greater the suppressive effect observed (Appel, 1961; Appel & Peterson, 1965; Azrin, 

1960; Camp, Raymond, & Church, 1967; Storms, Boroczi, & Broen, 1962). Similarly 

the longer the duration of an electric shock, the more the response suppression is 

observed (Church, 1969).

However, compared to the duration of electric shock, an aversive tone may 

have different effect on suppression. Baron (1991) suggested that the use of an 

electric shock with a brief duration may have some advantages over a longer 

duration shock. A short duration shock minimizes the likelihood of adventitious 

correlations of responses with shock termination. This may lead to increased rates 

of responding with a longer duration shock. The same argument regarding 

fortuitous escape correlations can be applied for tones. A coincidental escape 

contingency between response and tone termination could develop. As tone is a 

weak punisher, it may be that such a contingency exerts a very powerful effect 

under these conditions. The tone may allow rats more opportunity to respond 

during its presentations than the electric shock does, perhaps because the tone may 

cause fewer or less debilitating unconditioned responses which are incompatible 

w ith  the target response, than does the electric shock. Therefore, a coincidental 

escape contingency would be more likely to happen for the tone than for the electric

102



shock. Andronico and Forgays (1962) reported a facilitative effect of tone when they 

employed a procedure, in which a tone lasted as long as the rat held down the lever. 

The size of the effect may have included a contribution from the effect of the escape 

contingency, because not only the frequency but also the duration of each 

presentation of the tone completely depended upon the rats' behaviour.

Given the above, two possibilities concerning the effect of tone duration on 

response suppression should be considered. First, as Church (1969) reported for 

shock, the longer the duration of the tone, the more suppressive effect will be 

obtained. Alternatively, just the opposite result to this might be expected, that is, 

the shorter the tone used, the greater the suppressive effect obtained. The current 

studies were conducted in order to examine which of these two possibilities occurs 

when a loud tone is used as a positive punisher.

Experiment 3.1 The effect of tone duration on the suppressive effect of a tone

The first experiment investigated whether the duration of a loud tone affects 

the suppressive effect of the tone. Three groups pressed levers under a concurrent 

(cone) variable-interval (VI) 180-s VI 180-s reinforcement schedule during Baseline 

and Recovery sessions. During Tone sessions, a cone VI 60-s VI 60-s tone 

presentation schedule was added along with the reinforcement schedule. Three 

levels of duration were employed to compare the suppressive effects to each other.
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Method

Subjects. Twelve experimentally naïve, male Lister Hooded rats were used. 

The subjects were six months old at the start of training, had a free-feeding body 

weight range of 420-490 g and were maintained at 85% of this weight (355-415 g) 

throughout the experiment. The animals were housed in groups of four, w ith water 

consistently available in their home cages, under a 12/12 ligh t/dark  cycle. The 

experimental sessions were conducted during the light phase of this cycle.

Apparatus. Four identical standard operant chambers (Campden 

Instrum ents Ltd.) were used. Each chamber was located in a light- and 

sound-attenuating case, ventilated by a fan that provided background masking 

noise (65 dB[A]). Each chamber had two levers, both of which were permanently 

inserted into the chamber. A speaker (through which either a tone or a click could 

be delivered) was mounted on the outside of the ceiling of the chamber. The 1 kHz, 

105 dB[A] tone was generated by Audio Generator 258 (Campden Instruments 

Ltd.). A reinforcer, one 45-mg food pellet, was delivered to a centrally located, 

recessed food tray that was covered by a clear Perspex hinged flap.

Procedure. Each subject received three pre-training stages prior to the 

experimental treatments: magazine training, shaping of lever pressing, and training 

of lever pressing. Subjects were magazine trained in two sessions, during which 

food pellets were delivered according to a variable time (VT) 60-s schedule (range 

1-120 s). Each session was terminated after 30 pellet deliveries. Following the 

m agazine training sessions, lever pressing was shaped in five 20-min sessions, 

during which lever pressing was reinforced according to a cone VI 15-s VI 15-s
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reinforcement schedule. Except for the first session, a 2-s changeover delay (COD) 

was in operation. These sessions were followed by training sessions, during which 

the reinforcement schedule became leaner: two sessions under cone VI 30-s VI 30-s, 

three sessions under cone VI 60-s VI 60-s, and three sessions under cone VI 120-s VI 

120-s. Each of these sessions lasted 40 min.

The experimental treatments included three stages consisting of an ABA type 

design: 20 of Baseline, 8 of Tone, and 8 of Recovery sessions. All rats received a 

cone VI 180-s VI 180-s reinforcement schedule throughout the three stages of these 

treatm ent sessions. After the first 10 Baseline sessions, the subjects were divided 

into three experimental groups (n = 4). These groups were counterbalanced for the 

response rates to the two levers, and also for the response allocations during the last 

5 of these 10 sessions. After the group arrangement, the second 10 Baseline sessions 

were given. During the 8 Tone sessions, each rat received a cone VI 60-s VI 60-s 

schedule of tone presentation along with the reinforcement schedule. A 0.5-s tone 

was employed for rats in Group 0.5,1.0-s for those in Group 1.0, and 3.0-s for those 

in Group 3.0. The intensity of the tone was 105 dB[A] for all groups. The Tone 

sessions were followed by the 8 Recovery sessions, during which each group 

received the same reinforcement schedule as during the Baseline stage. Every 

session throughout the three stages lasted 40 min, and a 2-s COD was effective for 

both of the reinforcement and tone presentation schedules.

Data collection and analysis. Data concerning three variables were recorded 

during each Baseline and Recovery session; the number of responses for each lever, 

the num ber of reinforcements for each lever, and the time spend responding for
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each lever in terms of the accumulated time spent on each lever or accumulated 

inter response time (IRT) including the CODs. During the Tone sessions, the 

number of tone presentations for each lever were also counted. The data from the 

last four sessions in each stage, and from the first four sessions in the Tone and 

Recovery sessions, were used to calculate group means for these measures. In order 

to obtain suppression ratio, the Baseline and Recovery data from the last four 

sessions were combined into single mean response rates comparing with those 

during the last four Tone sessions.

Results

Table 3.1 shows the group mean response rates, mean time allocation, mean 

reinforcement rates, mean tone rates, and standard errors of mean {SE) for each 

variable for each alternative for each group during the last four sessions in each 

stage, and the first four sessions in the Tone and Recovery stages. Figure 3.1 depicts 

the overall group mean response rate during the last four sessions in each stage.

Data from the last four sessions in each stage clearly showed two effects on 

the response rates. First, the response rates during Baseline and Recovery were 

more or less the same level among the groups. Second, the response rate during 

Tone was lower than that during Baseline and Recovery in Group 0.5 and Group

1.0, whereas, on the contrary, the response rate during Tone was higher than that 

during Baseline and Recovery in Group 3.0.
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T a b l e  3 .1

Mean ( and S E m ) of Response Rate, Time Allocation ( s ), Reinforcement Rate 

and Tone Rate per minute

Group Response Rate 
Left Right

Time Allocation 
Left Right

Reinforcer Rate 
Left Right

Tone Rate 
Left Right

Baseline last four sessions
Group 0.5 15.0 16.2 26.5 33.2 0.28 0.34 — —

1.20 ) ( 1.65) ( 0.77 ) ( 0.86) ( 0.025 ) ( 0.056 )
Group 1.0 17.4 13.4 33.4 26.0 0.26 0.30 — —

1.12 ) ( 0.92) ( 0.95 ) ( 0.86) ( 0.017 ) ( 0.054 )
Group 3.0 15.3 15.7 34.1 2 5 .6 0.26 0.29 — —

0.97 ) ( 1.92) ( 0.95 ) ( 0.95) ( 0.027 ) ( 0.050 )
Tone first four sessions

Group 0.5 10.8 13.2 25.1 34.7 0.25 0.27 0.68 0.73
0.81 ) ( 1.61 ) ( O j y ) ( 0.83) ( 0.023 ) ( 0.035 ) ( 0.016 ) ( 0.018 )

Group 1.0 19.8 12.3 36.0 23.6 0.40 0.31 0.86 0.66
1.20 ) ( 1.50) ( 1-76 ) ( 1.82) ( 0.048 ) ( 0.075 ) ( 0.030 ) ( 0.034 )

Group 3.0 12.6 15.4 32.6 27.2 0.26 0.30 0.76 0.67
0.77 ) ( 0.70 ) ( 1 .1 8  ) ( 1.25) ( 0.019 ) ( 0.055 ) ( 0.042 ) ( 0 .0 3 7  )

Tone last four sessions
Group 0.5 9.7 14.1 25.4 34.4 0.18 0.28 0.63 0.78

1.15 )( 0.76) ( 1 .3 2  ) ( 1.26) ( 0.030 ) ( 0.019 ) ( 0.090 ) ( 0 .0 2 6  )
Group 1.0 15.4 10.1 34.6 25.2 0.24 0.24 0.82 0.65

0.63 ) ( 1.06) ( 1.61 ) ( 1.56) ( 0.028 ) ( 0.026 ) ( 0.033 ) ( 0.051 )
Group 3.0 15.6 20.5 31.3 28.3 0.34 0.37 0.79 0.69

& 9 5 ) ( 1.25) ( 1.52 ) ( 1.48) ( 0.032 ) ( 0.056 ) ( 0.044 ) ( 0.053 )
Recovery first four sessions

Group 0.5 12.5 14.9 27.8 33.1 0.33 0.31 — —

0.83 ) ( 1.20 ) ( 1 .9 9  ) ( 2.67) ( 0.046 ) ( 0.047 )
Group 1.0 21.4 11.0 38.4 21.2 0.36 0.25 — —

1.58 ) ( 0.50) ( 1 .0 4  ) ( 1.05) ( 0.023 ) ( 0.023 )
Group 3.0 14.3 17.4 33.3 26.5 0.30 0.35 — —

L 2 8 ) ( 0.94) ( 1 5 9 ) ( 1.61 ) ( 0.055 ) ( 0 .0 0 9  )
Recovery last four sessions

Group 0.5 16.3 13.0 29.9 29.8 0.30 0.22 — —

1.06 ) ( 0.62) ( 1 3 6 ) ( 1.36) ( 0.046 ) ( 0.016 )
Group 1.0 20.9 11.7 37.2 22.4 0.32 0.29 — —

1.55 ) ( 0.49) ( 0.54 ) ( 0.65) ( 0.037 ) ( 0.016 )
Group 3.0 14.6 15.7 34.3 25.5 0.28 0.31 — —

0.47 ) ( 0.57) ( 1.51 ) ( 1.50) ( 0.051 ) ( 0.022 )
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F igure 3.1. Overall response rates over the last 4 sessions of each stage, for each group of tone 
duration. Error bars display the standard errors of mean. 0.5,1.0, and 3.0 denote the duration  of the 
tone em ployed during the Tone sessions for each group (in sec). BASE = Baseline sessions, TONE 
= Tone sessions, RECOV = Recovery sessions.

A two-way analysis of variance (ANOVA) was conducted regarding the 

response rate data with tone duration (Duration: 0.5/ 1.0/ 3.0) as a between-subjects 

factor, and Condition (Baseline/ Tone/ Recovery) as a within-subjects factor. The 

ANOVA revealed neither main effect to be significant (ps > .10), but a significant 

interaction of these two factors was noted (f(2,4) = 8.27, p < .001). Since the 

interaction was significant, analyses for the simple effect of Condition for each 

group were conducted. In all groups, the main effect of Condition was significant 

(Group 0.5: f  (2,6) = 7.75, p < .05; Group 1.0: F(2,6) = 5.41, p < .05; Group 3.0: f  (2,6)
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= 6.40, p < .05). To examine the suppressive effect of the tone, multiple comparisons 

were conducted using Student-Newman-Keuls Test with a rejection level of p = .05 

(Howell, 1992, p. 358). For Group 0.5 and Group 3.0, both comparisons between 

Baseline and Tone, and between Tone and Recovery, were significant. For Group

1.0, a comparison between Tone and Recovery was significant, but that between 

Baseline and Tone was not. No significant effect was obtained in the comparison 

between Baseline and Recovery for any group.

Suppression Ratio

The suppression ratios for Group 0.5 and Group 1.0 were more or less the 

same and below 0.5, which means that response suppression occurred for both 

groups. On the contrary, it was above 0.5 for Group 3.0 indicating response 

facilitation. A one-way ANOVA revealed a significant main effect of Duration 

(f (2,9) = 10.22, p < .01). Multiple comparisons by Student-Newman-Keuls Test, with 

a p = .05 significance level, showed that the difference between Group 0.5 and 

Group 3.0, and between Group 1.0 and Group 3.0 were significant, but the 

difference between Group 0.5 and Group 1.0 was not significant.
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Figure 3.2. Suppression ratios according to the overall response rates over the last 4 sessions for each 
group of tone duration. Error bars display the standard errors of mean. 0.5,1.0, and 3.0 denote the 
duration of the tone employed during the Tone sessions for each group (in sec). 0.5 of the suppression 
ratio means no suppression, below 0.5 suppression, and above 0.5 facilitation.

Discussion

The duration of tone clearly affected its suppressive effect. For Group 0.5 

and Group 1.0, the response rates during the Tone stage were lower than those 

during  the Baseline and Recovery stages. On the contrary, for Group 3.0, the 

response rate during Tone was higher than that during Baseline and Recovery. The 

suppression ratio data also showed this differing effect of the tone duration among 

the groups. Since, no other factors than the tone duration were different between
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the groups in this experiment, it is considered that the tone duration was critical in 

determining this opposite result on the suppressive effect.

Of the two groups showing suppression. Group 0.5 showed slightly greater 

suppression than Group 1.0. Although the suppression ratios were similar, and that 

the simple effect ANOVA showed the main effect of Condition in both groups, the 

multiple comparisons for the response rate showed that both differences between 

Baseline and Tone, and between Tone and Recovery were significant for Group 0.5, 

but only the difference between Tone and Recovery was significant for Group 1.0. 

Thus, it may be implied that Group 0.5 showed the slightly greater suppression than 

Group 1.0.

Concerning the facilitative effect of the tone observed for Group 3.0, it is 

possible that a coincidental escape contingency may have worked during the Tone 

stage. The addition of the tone presentation schedule produced the increase of the 

response rate during Tone compared with that during Baseline, and through the 

removal of the tone schedule, the response rate decreased to more or less the same 

level as that during Baseline. This effect may have been caused by some 

reinforcement process. It is worth noting that there are several other explanations 

of the response facilitation in Group 3.0. For example, changes in arousal level, or 

changes in hedonic properties with increased duration may have occurred. In the 

absence of further data, additional speculation would be unwise. The current study 

clearly showed that the duration of tone affects its suppressive effect. The shorter 

tone employed, the greater suppressive effect obtained. Furthermore, when the 

duration is long enough, even a facilitative effect can be obtained.
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Experiment 3.2 The effect of reinforcement rate on the suppressive effect of short 

duration tone

The experiments in Chapter 2 demonstrated that suppression level varies 

depending on the frequency of the reinforcement schedule maintaining the 

response. The leaner the reinforcement schedule employed, the greater the 

suppressive effect obtained. However, in those experiments, a 1.5-s tone was 

employed. It remains to be demonstrated whether a lean reinforcement schedule 

also enhances the suppressive effect of tone when a 0.5-s duration of tone is 

employed. The second experiment, therefore, re-examined the effect of the 

frequency of the reinforcement schedule maintaining the responses on the 

suppressive effect of tone. The first three stages of the prior experiments 

(Experiment 2.1 and 2.2) were replicated with a 0.5-s of tone. The present 

experiment had two main purposes: First, to determine whether the brief tone has 

its suppressive effect regardless of the frequency of the reinforcement schedule. 

Second, to examine whether a leaner reinforcement schedule enhances the 

suppressive effect of the tone. When the suppressive effect of the tone is observed, 

the shift of sensitivity to reinforcement allocation will be investigated to see if the 

effect of tone is similar to that of shock. Additionally, two behavioural measures, 

response allocation and time allocation, will be compared with each other.

Method

Subjects and apparatus. Thirty-two experimentally naïve, male Lister
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Hooded rats were served. The subjects were 4-6 months old at the start of training, 

had a free-feeding body weight range of 320-445 g and were maintained at 85% of 

this weight (272-378 g) throughout the experiment. Other details concerning 

subjects and apparatus were as described in Experiment 3.1.

Procedure. Each subject received two pre-training stages before the group 

arrangement, whose procedures were identical to those in Experiment 3.1; two 

magazine training sessions, and five 20-min lever pressing training sessions under 

a cone VI 15-s VI 15-s reinforcement schedule. Following these two stages, subjects 

were divided into eight experimental groups (n = 4), which were counterbalanced 

for response rates to the two levers, and for the response allocations, on the basis of 

their data during the last three sessions under the cone VI 15-s VI 15-s schedule. 

Half of the eight groups of rats received a richer reinforcement condition (Group 

RICH) and the other half received a leaner reinforcement condition (Group LEAN) 

during the following stages. During the final stage of the pre-training, the four 

RICH groups received six 20-min sessions under a cone VI 20-s VI 20-s 

reinforcement schedule, and the four LEAN groups received three 40-min sessions 

under a cone VI 30-s VI 30-s and another three 40-min sessions under a cone VI 90-s 

VI 90-s reinforcement schedule.

Experimental treatments consisted of three stages for all groups: Baseline, 

Tone, and Recovery stages. The four RICH groups received either cone VI 30-s VI 

90-s, cone VI 30-s VI 60-s, cone VI 60-s VT 30-s, or cone VT 90-s VI 30-s schedule of 

reinforcement throughout these three stages. The four LEAN groups received either 

cone VI 150-s VI 450-s, cone VI 150-s VI 300-s, cone VI 300-s VI 150-s, or cone VI
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450-s VI 150-s schedule of reinforcement. Sixteen sessions for Baseline, eight 

sessions each for Tone and Recovery stages were given. During the Tone sessions, 

each rat received a cone VI 60-s VI 60-s of tone presentation as well as each 

reinforcement schedule. Tone duration was 0.5 s and its intensity was 105 dB[A]. 

Throughout the experimental stages, each session lasted 40 min and 2-s COD was 

effective for both reinforcement and tone presentation schedules.

D ata  collection and analysis. Identical data collection and processing as 

those in Experiment 3.1 was employed. Additionally to this, through these data, a 

least square linear regression analysis described a regression line for each group in 

each Stage for the two behavioural measures, response allocation and time 

allocation. The log ratios of response rate or time allocation were described as a 

function of the log ratios of reinforcer rate for each condition in each stage. 

Equation 7 (p. 30) was used for this linear regression analysis.

Results

Overall Response Rate

Table 3.2 depicts the group mean response rates, mean time allocation, mean 

reinforcement rates, mean tone rates, and SE for each variable for each alternative, 

during the last four sessions in each stage, and during the first four sessions in the 

Tone and Recovery stages for each reinforcement schedule group. Table 3.2 

displays the group mean response rates and SB for each group LEAN and RICH.
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T a b l e  3 .2
Mean ( and SEm ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Group Response Rate 
Left Right

Time Allocation 
Left

Reinforcer Rate 
Left

Tone 
Left

Rate

Group LEAN Baseline
cone VI150-S VI450-S 23.18 11.79 41.02 18.82 0.43 0.18 --------- ---------

4.72) 0.98 ) ( 1.04 ) (  1.11 ) ( O.OOS ( 0.006 )
cone VI150-S VI300-S 27.09 14.46 38.01 21.83 0.39 0.20 --------- ---------

4.62) 3.40 ) ( 2.20 ) (  2.20 ) ( 0.004 ( 0.007 )
cone VI300-S VIlSO-s 1S.28 17.81 32.S4 27.31 0.24 0.34 ———

4.14) 0.64) ( 0.82 ) (  0.81 ) ( O.OOS ( 0.007)
cone VI450-S VIlSO-s 9.23 20.31 22.97 36.76 0.12 0.36 --------- ---------

1.89) 3.87) ( 4.62 ) (  4.S8 ) ( 0.006 ( 0.009 )
Group LEAN Tone

cone VI150-S VI450-S 21.0 9.2 42.S8 17.18 0.30 0.13 0.88 0.S9
2.37) 1.00 ) ( 2.S7 ) ( 2.S7 ) ( 0.008 ( 0.003 ) ( 0.019 ) ( 0.040 )

cone VI150-S VI300-S 18.4 9.9 3S.11 22.91 0.29 0.12 0.6S 0.S4
6.81 ) 3.48 ) ( 2.3S ) ( 1.S4 ) ( 0.074 ( 0.021 ) ( 0.190 ) ( O.lSl )

cone VI300-S VI150-S 12.0 16.4 29.24 30.67 0.17 0.36 0.72 0.80
3.44) 1.44 ) ( 3.31 ) (  3.32 ) ( 0.002 ( O.OOS ) ( 0.034 ) ( 0.02S )

cone VI450-S VIlSO-s 6.6 17.S 20.S4 36.90 0.09 0.28 0.4S 0.60
2.66) 6.SS ) ( 2.96 ) (  4.68 ) ( 0.024 ( 0.089 ) ( 0.146 ) ( 0.198 )

Group LEAN Recovery
cone VI150-S VI450-S 11.79 12.06 42.21 17.74 0.36 0.10 -------— —-------

0.98 ) 1.32 ) ( 0.40 ) (  0.41 ) ( 0.008 ( 0.004 )
cone VI150-S VI300-S 14.46 21.6S 37.92 21.88 0.38 0.21 --------- ---------

3.40) S.74 ) ( 1.06 ) ( 0.98 ) ( 0.003 ( 0.002 )
cone VI300-S VIlSO-s 17.81 20.04 27.48 32.4S 0.17 0.42 --------- ---------

0.64) 1.9S ) ( 2.6S ) ( 2.79 ) ( 0.001 ( 0.007 )
cone VI450-S VIlSO-s 20.31 23.08 20.64 39.23 O.IS 0.38 --------- ---------

3.87) 2.12 ) ( 4.30 ) ( 4.27 ) ( O.OOS ( 0.009 )
Group RICH Baseline

cone VI30-S VI90-S 26.96 9.20 43.S2 1S.66 1.64 0.S2 --------- ---------

S.08) 1.20 ) ( 1.6S ) ( I.IS ) ( 0.011 ( 0.030 )
cone VI30-S VI60-S 27.97 14.41 40.S1 19.36 1.S2 0.84 --------- ---------

4.S2) 2.23 ) ( 1.48 ) ( 1.49 ) ( 0.014 ( 0.0S2)
cone VI60-S VI30-S 13.49 27.28 21.9S 37.91 0.81 1.69 --------- ---------

1.30) 4.04 ) ( 2.07 ) ( 2.07 ) ( 0.013 ( 0.062 )
cone VI90-S VI30-S 12.32 27.18 16.96 43.01 0.47 1.73 --------- ---------

0.86) 3.44 ) ( l.SO ) ( LSI ) ( 0.029 ( 0.033 )
Group RICH Tone

cone VI30-S VI90-S 36.2 12.7 41.29 18.S3 1.68 0.63 0.82 0.79
6.53 ) 0.9S ) ( 0.82 ) (  0.87 ) ( 0.02S ( 0.011 ) ( 0.02 ) ( 0.02)

cone VI30-S VI60-S 36.3 16.S 40.78 19.02 1.6S 0.84 0.86 0.70
4.3S) 2.S0 ) ( 0.40 ) (  0.29 ) ( 0.020 ( 0.016 ) ( O.OOS ) ( 0.03)

cone VI60-S VI30-S 16.1 29.7 19.46 40.49 0.7S 1.70 0.72 l.OS
2.12) 3.62 ) ( 2.23 ) (  2.22 ) ( 0.036 ( O.OIS ) ( O.OS ) ( 0.01 )

cone VI90-S VI30-S 16.1 30.2 17.2S 42.70 0.S7 1.69 0.7S 0.80
2.22) 2.97) ( 2.46 ) (  2.46 ) ( 0.036 ( 0.019 ) ( 0.06 ) ( 0.01 )

Group RICH Recovery
cone VIlSO-s VI4S0-S 9.20 14.01 44.72 1S.29 1.77 0.S4 — — -------—

1.20) 1.34 ) ( 0.S6 ) ( 0.S6 ) ( 0.018 ( 0.007)
cone VIlSO-s VI300-S 14.41 19.98 39.18 20.79 1.62 0.79 ——— ---------

2.23 ) 4.26 ) ( 2.83 ) (  2.82 ) ( 0.020 ( 0.033 )
cone VI300-S VIlSO-s 27.28 3S.87 28.81 37.07 0.9S 1.S6 --------- ---------

4.04) 6.81 ) ( 6.S3 ) ( 1.64 ) ( 0.019 ( 0.016 )
cone VI4S0-S VIlSO-s 27.18 36.22 16.41 43.S8 0.47 1.90 --------- — —

3.44) S.44 ) ( 1.4S ) ( 1.4S ) ( 0.009 ( 0.043 )
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F ig u r e  3.3. Overall response rates over the last 4 sessions of each stage, for each group of reinforcement 

condition. Error bars display the standard errors of mean. LEAN = the lean reinforcement group. 

RICH = the rich reinforcement group. BASE = Baseline sessions, TONE = Tone sessions, RECOV = 

Recovery sessions.

Inspection of the overall response rates reveals them to be higher for Group 

RICH than for Group LEAN in all stages. Meanwhile, the response rate data for the 

two groups showed a different pattern across the three stages. In Group LEAN, the 

response rate during Tone was lower than that during Baseline and Recovery, and 

the response rate during Recovery was slightly higher than that during Baseline. 

In Group RICH, the response rates increased at each stage. The difference in the 

response rates between the Baseline and the Tone sessions (7.75) was slightly 

smaller than that between the Tone and the Recovery sessions (11.32).

A two-way ANOVA was conducted on the response rate data with Group
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of the reinforcement schedule (LEAN/ RICH) as a between-subjects factor, and 

Condition (Baseline/ Tone/ Recovery) as a within-subjects factor. The ANOVA 

revealed a significant main effect for both Group (F(l,30) = 22.12, p < .001) and 

Condition (F(2,60) = 33.38, p < .001), and also a significant interaction between these 

two factors (F(2,60) = 13.93, p < .001). In order to examine the effect of Condition, 

further one-way ANOVAs were conducted for each Group. A main effect of 

Condition was significant both for Group LEAN (F(2,30) = 10.65, p < .001), and for 

Group RICH (F(2,30) = 41.46, p < .001). Multiple comparisons of the data by 

Student-Newman-Keuls Test with a p  < .05 significance criterion for Group LEAN 

showed that the difference in the response rate between Baseline and Tone, and also 

between Tone and Recovery, was significant, but there was no significant difference 

betw een the Baseline and Recovery. For Group RICH, all three comparisons 

showed a significant difference in the response rate.

Suppression R atio

Inspection of Figure 3.4 reveals that mean suppression ratios were clearly 

different between the groups, it was lower in group LEAN than RICH. A t test 

revealed that the difference in the mean suppression ratio between groups was 

significant (f(16.27) = 2.23, p < .05). The t test was done with the Welch- 

Satterthwaite solution, since a Levene's test showed inequality of variance between 

the two groups (F(15,15) = 6.04, p < .05).
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Figure 3.4. Suppression ratios according to the overall response rates over the last 4 sessions for each 

group of reinforcement condition. Error bars display the standard errors of mean. LEAN = the lean 

reinforcement group. RICH = the rich reinforcement group. 0.5 of the suppression ratio means no 

suppression, below 0.5 suppression, and above 0.5 facilitation.

S en sitiv ity  to Reinforcement A llocation

Table 3.3 shows the results of the least square linear regression analyses 

according to the generalised matching law, and Figure 3.5 depicts the changes of the 

slope values of each regression line through the stages for each group and each 

behavioural measure, for both response allocation and time allocation.

Four aspects of the results were noted. First, 11 from 12 regression lines were 

fitted to each set of data well. The variance accounted for (VAC) was higher than 

93.0%. However, in the case of time allocation during Tone for Group LEAN, it
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Table 3.3
Results of least square linear regression analyses according to the generalized matching law 

in Experiment 3.1. SE denotes the standard error of estimation.
%VAC is the percentage of data variance accounted for by the fitted line.

Response measure Time measure
Group and condition Inter % Inter %

Slope ( S B ) cept VAC Slope (SE) cept VAC
Group LEAN/ Baseline .767 ( .027) .033 99.5 .590 ( .058) .108 96.0

/  Tone .767 ( .089) .039 96.0 .559 ( .125) .091 86.5
/  Tone .559 ( .069) -.005 95.7 .600 ( .093) .065 93.5

Group RICH/ Baseline .819 ( .086) .052 97.1 .833 ( .046) .057 99.2
/  Tone .862 ( .047) .089 99.0 .891 ( .053) .017 98.9
/  Tone .781 ( .113) .080 94.9 .781 ( .016) .050 99.9
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Figure 3.5. Sensitivities to reinforcement allocation as slope value of the regression analyses for each 
stage, for each group, and for each behavioural measure. Opened circle and solid lines display data 
for response allocation (RESPONSE), and filled circle and broken lines display data for time allocation 
(TIME). Error bars display the standard errors of estimation.

was relatively low at 86.5%. Second, all slope values were clearly lower than 1.0, 

which means that undermatching occurred in every case. For Group LEAN four
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from six slope values were equal to or below 0.6. Third, the direction of the 

preference shift according to the addition of the tone schedule was not the same in 

two groups. In Group RICH, for both behavioural measures, the slope value during 

Tone was higher than those during Baseline and Recovery. However, in Group 

LEAN, the former was lower than the latter two for time allocation, and it was equal 

to the slope value during Baseline and higher than that during Recovery for 

response allocation. Finally, there was no clear systematic tendency of the 

difference in slope values for two behavioural measures. In Group RICH, the slope 

values for time allocation was equal or bigger than that for response allocation, 

while, in Group LEAN, the former was lower than the latter in two cases.

Discussion

This experiment replicated the effect of the frequency of the reinforcement 

schedule maintaining the responses on the suppressive effect of tone. The leaner 

reinforcement schedule generated, the greater the suppressive effect of the tone. 

Not only the response rates data but also the suppression ratio data significantly 

showed greater suppression for Group LEAN than for Group RICH. This result 

supports the finding of the experiments in the present Chapter 2. It is considered 

that a loud tone can be used as a positive punisher when the duration is short and 

the reinforcement schedule maintaining the responses is lean. In this case, response 

suppression in a choice situation is clearly obtained, which satisfies the definition 

of punishment (Catania, 1991), and also one of the two effects of punishm ent in a
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choice situation reported by earlier studies (de Villiers, 1980; 1982; Farley, 1980; 

Yoshino, 1986; Yoshino & Kimura, 1991).

It should be mentioned that response suppression was not unequivocal for 

Group RICH. This may be because the response rate during Baseline may not have 

reached asymptotic level. The equal number of the pre-training sessions in both 

groups (six), and also the number of the sessions during the Baseline stage (eight) 

may not be large enough for rats' responding in Group RICH to arrive at its 

asymptotic level. In fact, the mean response rates consistently increased throughout 

the three stages. The response rate was 39.70 during Baseline, and 57.77 during 

Recovery. Comparing these rates with those in Experiment 2.1, in which the same 

reinforcement schedule as Croup RICH was employed, the present rates are much 

lower than the 73.10 obtained during Stagel, and 80.57 during Staged in Experiment

2.1. In Experiment 2.1,15 pre-training sessions under cone VI 30-s VI 30-s, and 23 

Baseline sessions were given. These differences in the session numbers between the 

two experiments imply that, even during the Recovery stage, the responding level 

for Croup RICH did not reach the asymptote level. Because of this, the suppressive 

effect of tone for Croup RICH may not have been estimated appropriately.

This prospect does not apply to Croup LEAN, even though the mean 

response rate during Recovery was slightly higher than that during Baseline. The 

mean response rates during Stagel and Stage4 in Experiment 2.2, both of which 

employed the same frequency of reinforcement schedule as Croup LEAN, were 

31.12 and 28.02, respectively. Those in this Experiment for Croup LEAN were 34.79 

during Baseline and 39.01 during Recovery. As the response rates for Croup LEAN
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were even higher than those in Experiment 2.2, it is not likely that the level of 

responding for Group LEAN had not reach at its asymptote level.

The other effect of punishment on choice behaviour, the preference shift, was 

not necessarily replicated here. In Group RICH, it was found that the addition of 

a tone schedule produced a preference shift towards the richer alternative (i.e. 

towards overmatching), but this effect was not found in Group LEAN. Instead, the 

shift was noted in the opposite direction (i.e. towards undermatching) for time 

allocation, and no shift was noted from Baseline to Tone for response allocation, 

even though an observation supporting the ordinal result were found from Tone to 

Recovery for response allocation. At least, the shift towards the opposite direction 

to the ordinal result for time allocation should be explained.

Two explanations can be considered regarding this, both are closely related 

to one another. First, the low value in VAC for time allocation during the Tone 

stage, may have prevented a proper estimation of the sensitivity to the 

reinforcement allocation. All other instances showed higher than 93% of VAC, and 

demonstrated a clear difference from 86.5% for time allocation during the Tone 

Stage for Group LEAN.

Another possible explanation of this can be that the two rats in Group LEAN 

showed more or less the complete suppression during the Tone stage. Unlike the 

overall response rate, and therefore the suppression ratio, it is likely that the results 

of a regression analysis may include measurement errors in case of complete 

suppression. In fact, SE for time allocation during Tone for Group LEAN (.125) was 

relatively higher than other cases (Table 3.3). This possibility may also explain the
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low value in VAC, because the time allocation data were collected as the 

accumulated IRT including COD. When the response rate is very low, like in the 

case of a complete suppression, the IRT may include the longer durations without 

responding. This may cause the low estimation of the slope value, or the sensitivity 

to the reinforcement allocation, in a regression analysis. It is considered that due 

to the successful suppression the data for Group LEAN were not appropriate 

enough to discuss the preference shift effect of tone.

Meta-analysis

To facilitate discussion of the suppressive effect of the tone on responses, and 

the effect of the reinforcement schedule and tone duration on the suppressive effect 

of the tone, data from the experiments in Chapters 2 and 3 were pooled for post-hoc 

analyses. The data from the first three phases consisting Stagel in Experiment 2.1 

(the averaged data from the Baseline sessions 1 and 2 versus the Tone sessions 1), 

and the first stage under a leaner reinforcement schedule from Experiment 2.2 were 

used for these analyses. All four sets of data consisted of Baseline, Tone, and 

Recovery stages, and were collected using more or less the same procedure. The 

reinforcement schedule maintaining the responses (LEAN/ RICH) and the tone 

duration (0.5 s /  1.5 s) combined to arrange the four groups; Group
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Figure 3.6. Overall response rates over the last 4 or 5 sessions averaged across groups of each stage 
for each group. Error bars display the standard errors of mean. 0.5-s and 1.5-s refer to the duration 
of tone employed during the Tone sessions for each group, and LEAN and RICH denote to the 
reinforcement schedule frequency throughout the sessions for each group. Data for 1.5-s RICH group 
from Experiment 2.1, data for 1.5-s LEAN group from Experiment 2.2, and data for 0.5-s LEAN, 0.5-s 
RICH from Experiment 3.2. BASE = the combined data during the Baseline and the Recovery 
sessions, TONE = Tone sessions.

LEAN-0.5, LEAN-1.5, RICH-0.5, and RICH-1.5. Apart from these two factors, and 

numbers of baseline sessions, each group received more or less the same procedure.

Figure 3.6 depicts the group mean overall response rates and SE for each 

group through the combinations of the reinforcement schedule (LEAN/ RICH) and 

the tone duration (0.5 s /  1.5 s). Two aspects of the response rates are worth 

mention. First, response rates during the Baseline stage were not necessarily similar 

for groups experiencing the same reinforcement condition. This is especially
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noticeable for response rates during Baseline for the two groups under the RICH 

reinforcement condition. This discrepancy can be explained by the difference in 

session numbers that the groups received (as discussed above). The Baseline 

responding was not at precisely the same level for two groups under the LEAN 

reinforcement condition, although this difference was less pronounced.

Second, comparisons of the response rates between Baseline and Tone within 

each group reveal that response suppression occurred for all groups. The extent of 

the suppression, however, varied among the groups. A comparison between the 

reinforcement condition reveals that two groups under the LEAN reinforcement 

condition showed greater suppression than those under the RICH reinforcement 

condition. Within the same reinforcement conditions. Group LEAN-0.5 showed the 

greater suppression than Group LEAN-1.5, whereas, there was no obvious 

difference between two groups under the RICH reinforcement condition.

A three-way ANOVA (Schedule: LEAN/ RICH, Duration: 0.5 s /  1.5 s as 

between-subjects factors, and Condition: Baseline/ Tone, as a within-subjects factor) 

was conducted on response rates. The ANOVA revealed all main effects were 

significant (Schedule; F(l,60) = 93.63, p < .001; Duration; F(l,60) = 10.40, p < .01, 

Condition; F(l,60) = 26.46, p < .001), and that the interactions of Schedule and 

Duration (F(l,60) = 19.31, p < .001), and Schedule and Condition (F(l,60) = 6.28, p 

< .05) were significant. The other interactions were not significant (ps > .10).

Figure 3.7 displays the mean suppression ratios and SE for each group. The 

suppression ratios for two groups under the RICH condition were more or less the 

same and were around .490. Whereas, this value was .404 for Group 0.5, and .452
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Figure 3.7. Suppression ratios according to the overall response rates over the last 4 or 5 sessions 

averaged across groups of each . Error bars display the standard errors of mean. 0.5 means no 

suppression, below 0.5 suppression, and above 0.5 facilitation. 0.5-s and 1.5-s refer to the duration 

of tone employed during the Tone sessions for each group, and LEAN and RICH denote to the 

reinforcement schedule frequency throughout the sessions for each group.

for Group 1.5 under the LEAN condition. A two-way ANOVA conducted on the 

suppression ratio with reinforcement schedule (LEAN/ RICH), and the tone 

duration (0.5-s/ 1.5-s) as between subjects factors, revealed that the main effect of 

Schedule was significant (F(l,60) = 8.372, p < .01), but neither the main effect of 

Duration nor the interaction of these two factors was significant (ps > .25).

Through the meta-analytic comparison of experiments, the difference of .048 

in the suppression ratio between two groups under the LEAN condition was caused 

by the difference in the duration of tone. Even though the main effect of Duration
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for the suppression ratio was not significant by the post hoc ANOVA, this may be 

caused, as noted above, by the data for Group 0.5 under the RICH condition not 

reflecting the suppressive effect of the tone appropriately, as responding could still 

be considered to be in a developing period.

General Discussion

The present studies demonstrated that the duration of a tone affects its 

suppressive effect. The shorter the duration employed, the greater the suppressive 

effect obtained. The first experiment reported here also demonstrated that a tone 

of the same intensity may have even a facilitative effect on the responses when the 

duration is long. Prior to discussing the suppressive effect of tone, this 

contradictory result from the use of a longer tone should be explained 

appropriately.

For Group 3.0 in the first experiment, the addition of the tone presentation 

schedule produced the increase in response rate during Tone compared with that 

during Baseline, and through the removal of the tone schedule, the response rate 

decreased to almost the same level as that during Baseline. Concerning this 

facilitative effect of the 3.0-s tone schedule, three assumptions could be considered. 

First, the hedonic property of tone may have changed, or increased, along with the 

longer duration. However, at least, a brief tone can be considered to have an 

aversive property, because some studies demonstrated the suppressive effect of a
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loud brief auditory stimulus (McAdie et al., 1993; 1994; Reed et al., 1995; 1996; 

Experiment 2.1, 2.2). The other two groups in the first experiment also showed 

suppression clearly using the same type of tone only with a shorter duration. An 

electric shock, which is usually used as a positive punisher, can be also considered 

to have an aversive property. When the duration of the electric stimulus becomes 

longer, the aversive property usually increases (Church, 1969) because the longer 

shock produces the greater suppression of responding. Baron (1991) also noted that 

variations in the intensity, or duration of an aversive stimulus are similar to those 

noted when the stimulus is used in an avoidance situation, and that the control 

generally exerted by an aversive stimulus increases as a function of its magnitude. 

It is not likely that the aversive property of a tone turns to an appetitive one when 

its duration becomes longer.

Second, the longer tone may have facilitated the arousal level of the rats. 

When the duration of a stimulus became longer or the intensity of it increased, the 

subjects' alertness may be also elevated. According to this, the level of responding 

may also have been enhanced by the longer duration tone. However, only when the 

intensity was not loud enough to alert rats, could this assumption be plausible. A 

105 dB[A] tone employed in the current study can be considered to be loud enough 

to alert rats even with a shorter duration of tone. Neither these assumptions can be 

plausible to explain the response facilitation observed in Group 3.0 in Experiment

3.1.

Third, an assumption concerning the operation of a coincidental escape 

contingency may be plausible. That is, some responses during the tone presentation
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may have been adventitiously reinforced by the termination of the tone. Baron 

(1991) suggested that the use of an electric shock with a brief duration may have 

some advantages over a longer duration shock. This can also occur when a loud 

tone is used as a putative punisher, because a short duration tone minimizes the 

likelihood of adventitious correlations of responses with its termination. In other 

words, the longer the tone employed, the more likely is the termination of the tone 

w hen a response occurred. Suppose responses occurred at the same probability 

regardless the tone duration, then the number of responses during the 3.0-s tone 

presentation would be six times that during the 0.5-s tone presentation. This means 

that the termination of the tone occurring after a response is more likely under the

3.0-s tone condition than that it is under the shorter tone condition.

Another example of this possibility can be found in a study showing a 

facilitative effect of tone by Andronico and Forgays (1962). In this experiment, the 

duration of tone was not kept constant, and the tone lasted as long as the rat pressed 

down the lever. That is, the onset of the tone was contingent on pressing down the 

lever, and the termination of the tone was contingent on releasing the lever. In this 

situation, to release the lever may have been reinforced by the termination of the 

putatively aversive tone. This contingency along with the continuous reinforcement 

schedule employed in the experiment may have caused the response facilitation.

Despite these supporting pieces of evidence, it is not clear whether this kind 

of contingency actually existed in the current experiment. Even though it may have 

existed, it is not clear how long the coincidental escape contingency would 

negatively reinforce the responses. This assumption of the coincidental escape
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contingency is the most feasible out of the three assumptions made above, but it 

needs further investigation to conclude anything firmly.

Three aspects of the data deserve comment concerning the suppressive effect 

of tone. First, the tone has a substantial suppressive effect on responding under a 

lean reinforcement schedule. The present Experiment 3.2, and the meta-analyses 

for the response rate and the suppression ratio, suggest that the suppressive effect 

of tone critically varies according to the frequency of the reinforcement schedule. 

This is also supported by some other studies showing a suppressive effect of a tone, 

which employed an extinction schedule to be punished (Reed et al., 1995; 1996). 

However, it can not be concluded that the reinforcement schedule alone affects the 

suppressive effect of tone. Experiment 3.1 clearly showed that a 3.0-s tone did not 

suppress but facilitated the responses under a leaner reinforcement schedule. If the 

response suppression had been obtained regardless of the duration of tone, then the

3.0-s tone should have suppressed the responses also in Experiment 3.1.

Second, a shorter tone duration enhances its suppressive effect on 

responding, at least under a lean reinforcement situation. Experiment 3.1 clearly 

demonstrated that the extent of the suppressive effect varies depending on the 

duration of tone. The greatest suppressive effect was observed for Group 0.5 in 

Experiment 3.1. The meta-analysis revealed that Group LEAN-0.5 showed the 

greatest suppression among the four groups. Thus, it can be concluded that a short 

duration enhances the suppressive effect of a tone, at least under a lean 

reinforcement situation. Further experiments will be needed to resolve such 

problem s as, whether the short duration of tone alone enhances the suppressive
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effect on the responses, or whether an appropriate arrangement of the duration and 

the schedule is essential to obtain the affirmative suppressive effect of tone?

Finally, it should also be noted that the effects of duration on suppression 

w ith an electric shock and a loud tone are somewhat different. Church (1969) 

argued that the longer the duration of the electric shock employed, the greater the 

suppression obtained. On the contrary, the current studies demonstrate that the 

shorter the duration of tone employed, the greater the suppression obtained. As 

noted above, the difference in the effect of duration between these stimuli may be 

due, in part, to coincidental escape contingencies, which are more likely to operate 

in the case of tone. However, even if this is true, the effect of the escape contingency 

should be eliminated by prolonged training. The question remains to be answered, 

however, regarding how long the facilitative effect of a long duration tone will be 

retained? It also remains to be seen if a long duration tone has a facilitative effect on 

the responses under a rich reinforcement schedule as it does under a lean 

reinforcement schedule.

Taken together, the current studies imply that a tone can be aversive enough 

to suppress responding under some situations. This means that a loud tone can be 

used as a positive punisher when the experimental settings are well chosen. This 

would be a proper solution to the claim by Pierce and Epling (1995, p. 241) arguing 

that "On the basis of animal ethics, investigations of punishment have almost been 

elim inated at the basic level". In order to conduct investigations of the effect of 

punishment, it would be appropriate, and valid, if a loud, short-duration tone was 

used to punish responses maintained by a relatively lean reinforcement schedule.

131



CHAPTER 4

Between-subjects comparisons of response acquisition

with and without tone-punishment

The experiments in the previous chapters have revealed four effects of a 

response-contingent loud auditory stimulus on responding. First, a loud tone has 

a suppressive effect on responding. Second, according to the type of auditory 

stimulus employed the suppressive effect varies in size (even response facilitation 

may be obtained when a click is used). Third, the suppressive effect of a tone is 

enhanced when a leaner reinforcement schedule is used to maintain responding. 

Fourth, the suppressive effect of a tone is enhanced when a shorter duration tone 

is employed. These experiments not only confirmed the findings from previous 

studies showing a suppressive effect of a tone (McAdie et al., 1993; 1996; Reed et al., 

1995; 1996), but also resolved some of the divergent findings reported in some other
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studies, which demonstrated response facilitation or no effect of a tone (Andronico 

& Forgays, 1962; Symmes & Leaton, 1962).

It is important for any experimental finding to be verified by further 

investigations, both under the same conditions as those used in the original 

experiment and in different situations. Further experimental studies exploring the 

suppressive effect of a tone on responding would extend the generality of those 

findings regarding the effect of reinforcement schedule and duration of the tone. 

The series of experiments in the previous chapters has provided evidence using data 

from the last few sessions in each stage of the experimental conditions. However, 

the suppressive effect of an electric shock on responding has been established not 

only from the data during the stable state but also during an acquisition of 

responding. For example, Azrin (1960) showed suppression and recovery of key 

pecking of pigeons as a function of increasing intensities of an electric shock over 

a long series of sessions. Miller (1960) also demonstrated similar results using rats 

as subjects. The series of experiments in the previous chapters could then be 

extended to obtain generality of their findings on the effect of a tone on responding 

by examining the effect of a tone on acquisition.

Concerning the effect of a tone as a positive punisher on choice behaviour, 

two aspects of the results from the previous experiments are worth brief mention. 

First, a preference shift towards overmatching was observed in most cases. Second, 

the sensitivity to reinforcement allocation for the time measure was generally higher 

than that for the response measure. Although these results supported findings 

reported by several previous experiments (de Villiers, 1980; 1982; Farley, 1980;
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Yoshino, 1986; Yoshino & Kimura, 1991), these tendencies should be confirmed by 

further experimental studies with a putatively aversive tone because there were 

some exceptions to these tendencies, especially when the variance accounted for 

(VAC) was found to be low (Experiment 3.2).

Different results from the above findings may be expected in terms of the 

effect of tone-punishment on choice preference or sensitivity to reinforcement 

allocation, when those effects are explored during acquisition of responding. 

Yoshino and Kimura (1991) suggested that an electric shock may affect choice 

behaviour differently in acquisition and stable state responding. They found that 

a superimposed concurrent (cone) variable-interval (VI) extinction (EXT) schedule 

of punishment over a cone VI EXT of reinforcement schedule produced responding 

to the extinction alternative only for a few sessions after the superimposition of the 

punishment schedule, or after an increase in the intensity of electric shock. This is 

because a punishment schedule has not only an effect of directly reducing the 

likelihood of the punished response, which is suggested by the symmetrical law of 

effect (de Villiers, 1980; 1982; Farley, 1980; Farley & Fantino, 1978; Herrnstein, 1970), 

but also another effect of reinforcing other responses than the punished response, 

which support the competing response theory (Deluty, 1976; Deluty & Church, 1978; 

Dinsmoor, 1954; 1977; Fowler & Miller, 1963). These results imply that a loud tone 

may also affect preference between two alternatives, or sensitivities to reinforcement 

allocation for two behavioural measures, differently during the early stage of 

response acquisition and during the stable state of performance.

If the experimental methodology employed in the studies exploring the effect
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of a tone on responding are considered, one critical difference may be found 

between those studies which do, and those which do not find an effect of the tone. 

In some studies (Andronico & Forgays, 1962; Reed et al., 1995; 1996) a 

between-subjects comparisons was employed, whereas in others (McAdie et al., 

1993; 1996; Experiment 2.1, 2.2, 3.1, 3.2) a within-subjects comparison was made. 

These two strategies may be critical in determining the results observed because of 

the different fundamental assumptions on which each strategy is based (e.g., 

Howell, 1992, p. 434). When the between-subjects comparison is employed, the 

difference in response rates between averaged data in two situations is estimated. 

Whereas, in the within-subjects comparison, the differences in response rates 

betw een the two situations by subject are averaged, and it is estimated whether 

their averaged difference is zero. Especially when the number of subjects is small, 

the variability between subjects may hide the effects in a between-subjects design 

due to a number of factors. This may be a reason why a significant main effect of 

tone was obtained with a suppression ratio close to 0.5 in Experiment 2.1 (under a 

rich reinforcement schedule and a longer duration tone). If a between-subjects 

comparison had been conducted, this difference in response rates between Baseline 

and Tone may not have been detected, due to the relatively large variances 

provided by each subject.

Given the above, another series of experiments could be conducted in order 

to examine the generality of the findings in the previous experiments. This series 

of experiments should employ a between-subjects design and investigate the effect 

of a tone on responding, and that of tone punishment on preference between two
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alternatives, from the early stage of response acquisition. One group of rats receive 

a reinforcement schedule only, and the other group receive a tone-punishment 

schedule as well as the reinforcement schedule from the early stage of the lever 

pressing training. Two critical factors in determining the suppressive effect 

observed in the previous studies, reinforcement schedule and duration of tone, can 

be combined into four experimental conditions so that those effects may also be 

estimated in the present series of experiments. This procedure not only allows an 

investigation of the acquisition process of lever pressing under tone-punishment, 

but also allows a comparison of the process with that under a reinforcement-only 

situation.

Experiment 4.1 Between-subjects comparisons of response acquisition with and 

without tone-punishment: Rich reinforcement schedule and long tone

The first experiment employed a rich reinforcement schedule and a 1.5-s 

duration tone, both of which were used in Experiment 2.1, and led to the 

demonstration of a slight suppressive effect of a tone. This experiment investigated 

whether the 1.5-s tone has a suppressive effect under a richer reinforcement 

schedule when the effect of the tone was assessed in acquisition with a 

between-subjects design. In order to examine this, the acquisition of lever pressing 

by two groups of rats were compared. One group received the reinforcement 

schedule only, whereas the other group received the tone presentation schedule
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along with the reinforcement schedule, from an early stage in lever pressing 

training. If the tone has a suppressive effect from such an early stage, responding 

for the former group would be expected to be greater than that for the latter.

The present experiment also explored whether differences in preference over 

two alternatives in terms of sensitivities to reinforcement allocation for two 

behavioural measures would be found between these two groups. A greater 

sensitivity to the reinforcement allocation for the reinforcement-only group would 

be expected, for both behavioural measures, compared to that for the reinforcement 

and tone group, if a tone has a suppressive effect on responding. After these 

investigations, the conditions for each group were reversed, and performances for 

two groups were compared.

Method

Subjects. Twenty-four experimentally naïve, male Lister Hooded rats served 

in this experiment. The subjects were 7-8 months old at the start of training, had a 

free-feeding body weight range of 455-535 g, and were maintained at 85% of this 

weight (386-455 g) throughout the experiment. The animals were housed in groups 

of four, with water consistently available in their home cages, under a 12/12 

light/dark cycle. The experimental sessions were conducted during the light phase 

of this cycle.

Apparatus. Four identical standard operant chambers (Campden 

Instrum ents Ltd.) were used. Each chamber was located in a light- and
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sound-attenuating case, ventilated by a fan that provided background masking 

noise (65 dB[A]). Each chamber contained two levers and a recessed food tray 

covered by a clear Perspex hinged flap, to which a reinforcer, one 45-mg food pellet, 

was delivered. A speaker (through which a tone could be delivered) was mounted 

on the outside the ceiling of the chamber. The 100 Hz, 105 dB[A] of tone was 

generated by Audio Generator 258 (Campden Instruments Ltd.).

Procedure. Each subject received two pre-training stages prior to the 

experimental treatments: magazine training, and shaping of lever pressing. Subjects 

were magazine trained in two sessions, during which a food pellet was delivered 

according to a variable time (VT) 60-s schedule (range 1-120 s). Each session was 

terminated after 30 pellet deliveries. Following magazine training, lever pressing 

was shaped through eight 20-min sessions, during which lever pressing was 

reinforced according to a cone VI 15-s VI 15-s reinforcement schedule. Except the 

first session, a 2-s changeover delay (COD) was introduced. On the basis of the data 

from the last three of the eight sessions, subjects were divided into six subgroups 

(n = 4). These groups were counterbalanced for response rates to the two levers, 

and for the response allocations.

The experimental treatment included two stages. Acquisition and Reversal. 

During the Acquisition stage, three of the six subgroups (Group Rft-Tone) received 

12 reinforcement sessions, during which lever pressing was reinforced by either of 

cone VI 30-s VI 90-s, cone VI 30-s VI 30-s, and cone VI 90-s VI 30-s reinforcement 

schedule. The other three subgroups (Group Tone-Rft) received 12 tone sessions, 

during which both a cone VI 60-s VI 60-s schedule of tone presentation and one of
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the three reinforcement schedules above were effective. After that, all subjects 

experienced 12 sessions of the Reversal stage. In this stage. Group Rft-Tone 

received the tone sessions, and Group Tone-Rft received the reinforcement-only 

sessions. Each subgroup consistently received the same reinforcement schedule 

throughout all stages. In all sessions, a 2-s COD was effective for both of 

reinforcement and tone schedules. The intensity of tone was 105 dB[A] and its 

duration was 1.5 s throughout the Tone sessions. Each of these sessions lasted 30

mm.

D ata collection and analysis. The three aspects of data concerning three 

variables were collected during the Reinforcement sessions: number of responses 

for each lever, number of reinforcements for each lever, and accumulated time spent 

on each lever. During the Tone sessions, number of tone presentations for each 

lever were also collected. The averaged data for each subgroup, and then for each 

group, were described in terms of responses, reinforcement and tone presentations, 

per minute. Time spent for responding on each alternative was also transformed 

into that per minute. To examine the extent of the response development during 

these stages, suppression ratio data were calculated for each rat in terms of the 

response rate in each session compared with that during the last three sessions of 

the lever pressing pre-training. These data per session were transformed into data 

per block of four sessions to clarify the development during the stages.

A least square linear regression analysis described a regression line for each 

group, for each block of four sessions, and for the two behavioural measures, 

response allocation and time allocation. The log components of response rate or
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time allocation were described as a function of the log components of reinforcer rate 

for each condition in each stage. Equation 7 (p. 30) was used for this linear 

regression analysis.

Results

Acquisition stage

The group mean response rates for each block of four sessions for each 

subgroup are shown in Table 4.1 and Figure 4.1. Table 4.1 also includes mean time 

allocation, mean reinforcement rates, mean tone rates, and standard errors of mean 

{SE) for each variable for each alternative. Figure 4.2 depicts the group mean 

suppression ratios for each block of four sessions for each subgroup.

An inspection of overall response data revealed that the response rate for 

each subgroup increased during the Acquisition stage. Even though the response 

rates for each pair of subgroups with the same reinforcement schedule were not 

exactly the same, group mean data showed that the response rates for each group 

developed more or less in the same way during this stage. A three-way analysis of 

variance (ANOVA) was conducted on these response rate data with Group (Rft- 

Tone or Tone-Rft) and reinforcement schedule (Schedule) as between-subjects 

factors, and Block of four sessions (1 to 3) as a within-subjects factor. The ANOVA 

revealed a significant main effect of Block (F(2,36) = 47.87, p < .001), but neither the 

other main effects nor the other interactions proved to be statistically significant (Fs 

< 1).
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T a b l e  4 .1
Mean ( and S Em  ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Schedule Response Rate Time Allocation Reinforcement Rate Tone Rate
(Subgroup) Left Right Left Right Left Right Left Right

Group Rft-Tone Acquisition Block
cone VI30-S VI90-S 16.3 6.9 43.58 16.05 1.42 0.47 —  —

3.38) 1.14 ( 2.13 ) ( 2.28 ) ( 0.042 ) ( 0.057 )
cone VI30-S VI30-S 15.4 16.4 36.85 23.01 1.45 1.06 —

1.32) 5.18 ( 3.47 ) (  3.52) ( 0.057 ) ( 0.129 )
cone VI90-S VI30-S 6.8 20.2 19.95 39.90 0.40 1.46 —

0.67) 3.42 ( 2.00 ) ( 2.01 ) ( 0.010 ) ( 0.038 )
Group Rft-Tone Acquisition Block

cone VI30-S VI90-S 21.8 7.0 47.57 12.23 1.67 0.38 —  —

4.09) 1.68 ( 2.23 ) ( 2.27 ) ( 0.016 ) ( 0.042 )
cone VI30-S V130-S 17.8 20.2 33.73 26.09 1.47 1.23 —

1.78) 6.01 ( 2.95 ) ( 2.97 ) ( 0.060 ) ( 0.124 )
cone VI90-S VI30-S 9.7 26.9 17.94 41.99 0.48 1.64 —

1.43) 3.35 ( 1.16 ) (  1.16) ( 0.016 ) ( 0.036 )
Group Rft-Tone Acquisition Block

cone VI30-S VI90-S 24.7 9.9 45.27 14.36 1.47 0.46 —  —

4.61) 1.60 ( 0.55 ) ( 0.73 ) ( 0.039 ) ( 0.024 )
cone VI30-S VI30-S 23.4 23.6 35.61 24.24 1.51 1.20 —

2.45) 9.10 ( 3.30 ) (  3.31) ( 0.022 ) ( 0.143 )
cone VI90-S VI30-S 13.4 30.3 20.22 39.74 0.56 1.50 —

2.43) 2.55 ( 0.99 ) (  1.01) ( 0.027 ) ( 0.033 )
Group Rft-Tone Reversal Block

cone VI30-S VI90-S 23.5 9.4 47.09 12.76 2.64 0.43 0.83 0.61
1.67) 1.41 ( 0.47 ) ( 0.50 ) ( 1.071 ) ( 0.016 ) ( 0.034 ) ( 0.072 )

cone VI30-S VI30-S 21.9 25.1 34.59 25.30 1.41 1.27 0.84 0.62
1.98) 9.00 ( 3.29 ) ( 3.30 ) ( 0.024 ) ( 0.116 ) ( 0.005 ) ( 0.061 )

cone VI90-S VI30-S 11.4 33.1 15.46 43.20 0.46 1.51 0.63 0.85
2.10) 5.46 ( 0.26 ) ( 0.98 ) ( 0.026 ) ( 0.035 ) ( 0.031 ) ( 0.018 )

Group Rft-Tone Reversal Block
cone VI30-S VI90-S 27.2 11.5 44.93 14.92 1.62 0.51 0.81 0.68

3.24) 1.72 ( 0.91 ) (  0.99) ( 0.022 ) ( 0.024 ) ( 0.011 ) ( 0.039 )
cone VI30-S VI30-S 23.0 24.5 34.76 25.14 1.37 1.29 0.74 0.67

1.86) 7.69 ( 3.36 ) (  3.29) ( 0.082 ) ( 0.092 ) ( 0.007 ) ( 0.068 )
cone VI90-S VI30-S 12.3 35.1 16.13 43.80 0.54 1.65 0.64 0.89

2.54) 6.78 ( 0.96 ) (  0.98) ( 0.025 ) ( 0.043 ) ( 0.034 ) ( 0.029 )
Group Rft-Tone Reversal Block

cone VI30-S VI90-S 26.8 11.3 68.15 15.67 1.75 0.54 0.74 0.66
2.69) 1.59 ( 23.55 ) ( 1.55 ) ( 0.019 ) ( 0.019 ) ( 0.013 ) ( 0.022 )

cone VI30-S VI30-S 27.2 26.8 33.80 26.10 1.49 1.36 0.78 0.68
2.64) 6.99 ( 3.54 ) ( 3.54 ) ( 0.028 ) ( 0.090 ) ( 0.020 ) ( 0.049 )

cone VI90-S VI30-S 11.8 36.8 14.15 45.76 0.39 1.54 0.61 0.89
2.70) 6.92 ( 1.62 ) ( 1.62 ) ( 0.033 ) ( 0.040 ) ( 0.041 ) ( 0.009
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T a b l e  4 .1  ( c o n t 'd )
Mean ( and S£m ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Schedule Response Rate Time Allocation Reinforcement Rate Tone Rate
(Subgroup) Left Right Left Right Left Right Left Right

Group Tone-Rft Acquisition Block
cone VI30-S VI90-S 19.3 8.2 44.30 15.50 1.57 0.41 0.77 0.43

3.68) ( 1.96) ( 2.71 ) ( 2.68 ) ( 0.080 ) ( 0.046 ) ( 0.029 ) ( 0.069 )
cone VI30-S VI30-S 13.2 12.8 34.25 25.56 1.38 1.10 0.64 0.65

2.64) ( 2.40) ( 4.52 ) ( 4.53 ) ( 0.173 ) ( 0.091 ) ( 0.069 ) ( 0.054 )
cone VI90-S VI30-S 9.9 21.3 20.03 39.90 0.50 1.42 0.70 0.80

0.38 ) ( 0.19 ) ( 0.56 ) ( 0.57 ) ( 0.012 ) ( 0.020 ) ( 0.030 ) ( 0.009 )
Group Tone-Rft Acquisition Block

cone VI30-S VI90-S 23.7 9.5 44.97 14.97 1.53 0.41 0.88 0.52
5.00) ( 1.05 ) ( 1.26 ) (  1.27) ( 0.026 ) ( 0.030 ) ( 0.016 ) ( 0.035 )

cone VI30-S VI30-S 12.6 18.3 29.50 30.96 1.29 1.38 0.74 0.64
1.53) ( 3.24) ( 1.85 ) (  2.41) ( 0.063 ) ( 0.052 ) ( 0.033 ) ( 0.025 )

cone VI90-S VI30-S 12.6 29.5 16.53 43.39 0.48 1.65 0.67 0.92
1.92) ( 0.23 ) ( 0.70 ) ( 0.71 ) ( 0.010 ) ( 0.016 ) ( 0.027 ) ( 0.008 )

Group Tone-Rft Acquisition Block
cone VI30-S VI90-S 28.0 12.0 43.76 16.06 1.56 0.52 0.81 0.63

6.42) ( 1.42 ) ( 2.11 ) (  2.16) ( 0.047 ) ( 0.020 ) ( 0.019 ) ( 0.019 )
cone VI30-S VI30-S 17.5 20.6 33.65 26.18 1.39 1.28 0.74 0.81

2.38) ( 6.61 ) ( 1.15 ) (  1.15) ( 0.040 ) ( 0.089 ) ( 0.013 ) ( 0.053 )
cone VI90-S VI30-S 17.0 29.5 18.51 41.36 0.51 1.40 0.70 0.93

2.50) ( 0.23 ) ( 0.09 ) ( 0.10 ) ( 0.006 ) ( 0.032 ) ( 0.018 ) ( 0.005 )
Group Tone-Rft Reversal Block

cone VI30-S VI90-S 26.5 13.0 46.06 13.97 1.59 0.45 --- ---
5.26 ) ( 2.22 ) ( 1.37 ) ( 1.33 ( 0.031 ) ( 0.020 )

cone VI30-S VI30-S 20.3 19.9 33.91 26.11 1.56 1.20 --- ---
2.40 ) ( 6.78) ( 2.90 ) ( 2.65 ) ( 0.043 ) ( 0.113 )

cone VI90-S VI30-S 16.8 27.4 17.59 42.28 0.52 1.55 --- ---
1.05) ( 1.71) ( 0.90 ) ( 0.91 ) ( 0.031 ) ( 0.072 )

Group Tone-Rft Reversal Block
cone VI30-S VI90-S 28.9 12.4 47.15 12.70 1.79 0.47 --- ---

7.01 ) ( 1.47) ( 1.32 ) ( 1.30 ) ( 0.050 ) ( 0.012 )
cone VI30-S VI30-S 19.1 17.9 34.06 25.73 1.48 1.21 --- ---

2.10 ) ( 4.57) ( 1.91 ) ( 2.02 ) ( 0.026 ) ( 0.080 )
cone VI90-S VI30-S 17.0 30.3 15.58 44.23 0.51 1.63 --- ---

1.40) ( 1.90 ) ( 1.12) ( 1.08) ( 0.010 ) ( 0.013 )
Group Tone-Rft Reversal Block

cone VI30-S VI90-S 29.9 16.4 46.10 13.82 1.71 0.89 “-- ---
7.84) ( 2.74) ( 1.23 ) ( 1.22 ) ( 0.026 ) ( 0.342 )

cone VI30-S VI30-S 20.3 20.5 34.71 25.19 1.49 1.26 --- ---
3.24) ( 5.48) ( 1.09 ) ( 1.08 ) ( 0.052 ) ( 0.084 )

cone VI90-S VI30-S 22.1 31.0 18.36 39.99 0.63 1.59 --- ---
2.15 ) ( 2.15) ( 1.30 ) (  2.36) ( 0.013 ) ( 0.024 )
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Figure 4.1. Group-mean response rate for each subgroup (top-left, top-right, and bottom-left), and 
each g roup  (bottom-right) as a function of blocks of four sessions during Acquisition and Reversal 
stages of Experiment 4.1. Error bar shows Standard Error of Mean, Group Rft-Tone received 
reinforcement-only sessions during the Acquisition stage, and both reinforcement and tone sessions 
during the Reversal stage. Group Tone-Rft received these two stages in the reversed order.

The identical tendency of an increasing of level of responding was also 

obtained from the suppression ratio data (Figure 4.2). A three-way ANOVA on the 

suppression ratio data with the same three factors as those taken by the ANOVA on 

the response rate data revealed a significant main effect of Block (F(2,36) = 63.32, p 

< .001), but neither the other main effects nor interactions proved to be statistically 

significant {ps > .05).
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Figure 4.2. Group-mean suppression ratio for each subgroup (top-left, top-right, and bottom-left), 
and each group (bottom-right) as a function of blocks of four sessions during Acquisition and 
Reversal stages of Experiment 4.1. Suppression ratio was calculated as the response rate in each 
session divided by the total response rates in each session and during the last two sessions of the pre
training stage. 0.5 means no suppression, below 0.5 suppression, and above 0.5 facilitation. Error 
bar shows Standard Error of Mean. Group Rft-Tone received reinforcement-only sessions during the 
Acquisition stage, and both reinforcement and tone sessions during the Reversal stage. Group Tone- 
Rft received these two stages in the reversed order.

R eversa l stage

The response increase observed during the Acquisition stage was interrupted 

when the experimental condition was reversed. The averaged response rates for 

both groups in the first block of the Reversal stage remained at almost the same 

level as that in the last block of the Acquisition, and generally increased afterwards 

although not as markedly as that during the Acquisition stage. A three-way
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Figure 4.3. Overall response rates over the last 4 sessions of each stage, for each group of Experiment 
4.1. Error bars display the standard errors of mean. Group Rft-Tone received reinforcement-only 
sessions during the Acquisition stage, and both reinforcement and tone sessions during the Reversal 
stage. Group Tone-Rft received these two stages in the reversed order.

ANOVA on the response rate data revealed a significant main effect of Block 

(F(2,36) = 14.59, p < .001), but neither the other main effects nor interactions proved 

to be statistically significant {ps > .15). The suppression ratio data showed the 

identical results as those for the response rate data. Only a main effect of Block 

(F(2,36) = 14.97, p < .001) was found to be significant by a three-way ANOVA, but 

the other main effects and the interactions were not (ps > .05).

To examine the effect of the reversal of condition within each group, and to 

compare these effects between groups, the response rate in the last block during the 

Acquisition and the Reversal stages for each group are shown in Figure 4.3. Both
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groups showed a clear increase of response rate through the reversal of condition, 

and no difference was found between the two groups. A three-way ANOVA 

(Group X Schedule x Block) on the response rate data during the last block in each 

stage showed no significant main effects or interactions (ps > .15).

S en sitiv ity  to Reinforcement A llocation

Table 4.2 shows the results of the least square linear regression analyses 

according to the generalised matching law, and Figure 4.4 displays those regression 

lines for each block of four sessions, for each group, and each behavioural measure 

(response allocation and time allocation). The changes of the slope values of each 

regression line through the block of four sessions for each group and each 

behavioural measure are depicted in Figure 4.5.

Table 4.2
Results of least square linear regression analyses according to the generalized matching law for 

each block for each Group for each response measure in Experiment 4.1. SE denotes the standard 
error of estimation. %VAC is the percentage of data variance accounted for by the fitted line.

Response measure Time measure
and Inter % Inter %

Block Slope ( SB ) cept VAC Slope ( S B ) cept VAC
Group Rft-Tone

Acquisition/ Block 1 .781 ( .094) -.057 97.5 .706 ( .014) -.058 99.9
/  Block 2 .789 ( .080) -.053 98.5 .809 ( .015) -.125 99.9
/  Block 3 .799 ( .060) -.035 98.7 .849 ( .011) -.093 100.0

Reversal/ Block 1 .659 ( .030) -.112 99.8 .765 ( .121) -.027 97.1
/  Block 2 .841 ( .002) -.048 100.0 .928 ( .082) -.089 98.4
/  Block 3 .784 ( .002) -.025 100.0 1.034 ( .029) -.069 99.9

Group Tone-Rft
Acquisition/ Block 1 .671 ( .026) -.030 99.7 .739 ( .020) .037 99.9

/  Block 2 .714 ( .105) -.055 96.6 .791 ( .015) .016 99.9
/  Block 3 .697 ( -111) -.007 94.1 .853 ( .037) .047 99.5

Reversal/ Block 1 .504 ( .066) .006 96.8 .855 ( .029) .040 99.8
/  Block 2 .577 ( .041) .011 99.1 .805 ( .038) .083 99.6
/  Block 3 .559 ( .110) .042 86.0 1.005 ( .129) .167 93.5
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Figure 4.4. Log response ratios (opened circle), and log time allocation ratios (filled circle) as a function 
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Experiment 4.1. Solid lines show fitted least squares regression lines for response allocation, broken 
lines show those for time allocation. Diagonal dotted line denotes the strict matching. Equations of the 
regression analyses are also given with the variances of accounted for in parentheses. Group Rft-Tone 
received reinforcement-only sessions during the Acquisition stage, and both reinforcement and tone 
sessions during the Reversal stage. Group Tone-Rft received these two stages in the reversed order.
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Figure 4.4 (cont'd). Log response ratios (opened circle), and log time allocation ratios (filled circle) 
as a function of log obtained reinforcer ratios for each block of four sessions in each stage, and for 
each group of Experiment 4.1. Solid lines show fitted least squares regression lines for response 
allocation, broken lines show those for time allocation. Diagonal dotted line denotes the strict 
matching. Equations of the regression analyses are also given with the variances of accounted for 
in parentheses. Group Rft-Tone received reinforcement-only sessions during the Acquisition stage, 
and both reinforcement and tone sessions during the Reversal stage. Group Tone-Rft received 
these two stages in the reversed order.
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Figure 4.5. Sensitivities to reinforcement allocation as slope values of the regression analyses 
for each block of four sessions in each stage, for each group, and for each behavioural measure 
of Experiment 4.1. Opened circle and solid lines display data for Group Rft-Tone, and filled 
circle and broken lines display data for Group Tone-Rft. Error bars display the standard errors 
of estimation.

Five aspects of the results are worth note. First, 23 from 24 regression lines 

were fitted to each set of data well. The VACs were higher than 93.0% in those 

lines. However, in the case for response allocation for block 3 during the Reversal 

stage for Group Tone-Rft (i.e. during the reinforcement-only sessions), it was 

relatively low at 86.0%. Second, 22 from 24 slope values were lower than 1.0, which 

means that undermatching occurred except for both groups for time allocation for 

block 3 during the Reversal stage. Third, during the Acquisition stage, almost the
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same tendencies in the preference shift between the two groups were observed for 

each response measure. Slope value for response allocation for Group Rft-Tone was 

consistently higher than that for Group Tone-Rft, and no changes in slope value 

were found through three blocks. On the contrary, slope values for time allocation 

for both groups were almost the same, and increased from 0.706 to 0.849 for Group 

Rft-Tone, and from 0.739 to 0.853 for Group Tone-Rft. Fourth, during the Reversal 

stage, the above difference between two measures remained. For response 

allocation, the slope values for Group Rft-Tone were consistently higher than those 

for Group Tone-Rft. It is noted that the slope values for Group Tone-Rft decreased 

when the condition was reversed, whereas those for Group Rft-Tone also decreased 

in the first block but subsequently recovered to almost the same level during the 

Acquisition stage. For time allocation, both groups generally showed increases 

according to blocks. Even though there was a difference between groups, overall 

values were close to each other. Finally, there was no clear systematic tendency of 

the difference in slope values for two behavioural measures. Only a difference of 

the values during the Reversal stage in Group Tone-Rft was found where the values 

for time allocation were higher than those for response allocation.

Discussion

The results clearly showed that the tone had no suppressive effect in the 

current experiment. If the suppressive effect of the tone had been obtained, the 

response rate for Group Tone-Rft would have been lower than that for Group 

Rft-Tone during the Acquisition stage, because Group Tone-Rft received the tone
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presentation schedule along with the same reinforcement schedule as Group 

Rft-Tone. However, this was not the case. It is not likely that this lack of difference 

was caused by the differences in the initial levels of responding for each group, 

because all six subgroups were counterbalanced for the response rate during the last 

three sessions of the pre-training, and, in faC.t, the averaged response rates (and SE) 

during the period for each group were not different to each other, 27.6 (0.54) and 

27.7 (0.69) for Group Rft-Tone and Group Tone-Rft. Furthermore, the suppression 

ratio data also clearly showed no differences between the groups.

Concerning the response rates during the Reversal stage, if the suppressive 

effect of the tone had been obtained, the response rate for Group Tone-Rft would 

have been higher than that for Group Rft-Tone. (At least, the response rate for 

Group Rft-Tone would have decreased, whereas that for Group Tone-Rft would 

have been elevated.) However, the response rate for each group was not different 

to each other during the Reversal stage. If anything, that for Group Rft-Tone, which 

received the tone sessions in this stage, was even slightly higher than that for Group 

Tone-Rft under the reinforcement schedule only. Group Rft-Tone showed a slight 

decrease in the response rate just after the addition of the tone schedule, however. 

Group Tone-Rft also showed a suppression through the withdrawal of the tone 

schedule.

Two reasons for the failure to show a suppressive effect of tone could be 

considered; the experimental design and the physical property of tone. The current 

experiment employed the tone effect as a between-subjects factor, whereas the 

experiments in the previous chapters employed it as a within-subjects factor. No
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other experiments have reported a suppressive effect of tone under a richer 

reinforcement schedule using a group comparison. The studies using a group 

comparison demonstrated the suppressive effect of tone under extinction, instead 

of a reinforcement schedule (Reed et al., 1995; 1996). This difference in the strategy 

of comparison may have produced this failure.

Another assumption explaining the failure may be a difference in some 

physical properties of tone employed in these experiments. The frequency of the 

tone used in the previous experiments was 1 kHz (105 dB[A] or 125 dB[A]), whereas 

the tone used here was 100 Hz (105 dB[A]). The suggestion by McAdie et al. (1993) 

or Experiment 2.1 is that the property or type of tone critically affects its effect on 

responding. Because the tone employed here did not have the same properties as 

the tone employed in the previous experiments showing the suppressive effect, this 

could be considered another reason of the failure.

It should be also noted that not only the between-subjects comparison of 

response rates but also each comparison within-subjects found no clear effect of a 

tone in this experiment. It could be considered that the number of sessions during 

the Acquisition stage was not large enough to find the suppressive effect, especially 

for Group Rft-Tone. The procedure employed for Group Rft-Tone was almost the 

same as that employed during the first two stages in the previous experiments (the 

Baseline and Tone sessions). For example, Stagel and Stage2 in Experiment 2.1 

consisted of the same procedure as employed here, not only for the order of 

reinforcement and tone sessions, and with respect to the tone duration, but also for 

the richer reinforcement schedule. The differences between the present experiment
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and the latter mentioned study included the physical property of the tone, and the 

num ber of sessions given during the first stage. In Experiment 2.1, that 

demonstrated the suppressive effect of the tone, 23,40-min sessions of baseline were 

given, whereas the current experiment gave only 12, 30-min sessions. Given this, 

the level of response may not have reached its asymptote level in the present study, 

and the developing response rate may have masked the suppressive effect of tone 

during the Reversal stage.

Experiment 4.2 Between-subjects comparisons of response acquisition with and 

without tone-punishment: Lean reinforcement schedule and long tone

Experiment 4.2 was conducted to explore the suppressive effect of a tone on 

responding in acquisition under a leaner reinforcement schedule than used in 

Experiment 4.1. Specifically, the current experiment attempted to show whether a 

1.5-s tone has a suppressive effect on responding under a leaner reinforcement 

schedule when the tone effect was estimated as a between-subjects factor. As in 

Experiment 4.1, one group (Group Rft-Tone) received the reinforcement schedule 

from the early stage of experimental sessions, whereas the other group (Group 

Tone-Rft) received the tone presentation schedule along with the reinforcement 

schedule. Since the leaner reinforcement schedule is considered to enhance the 

suppressive effect on responding even under a 1.5-s tone, it would be expected that 

the level of responding for Group Tone-Rft would be lower than that for Group Rft-
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Tone. If so, it rules out the physical property as an explanation for Experiment 4.1. 

Method

Subjects and apparatus. Twenty-four experimentally naïve, male Lister 

Hooded rats served in this experiment. The subjects were four-five months old at 

the start of training, had a free-feeding body weight range of 335-410 g, and were 

m aintained at 85% of this weight (285-349 g) throughout the experiment. Other 

details regarding subjects and apparatus were as described in Experiment 4.1.

Procedure. Each subject received two magazine training sessions as 

described in Experiment 4.1. Following this, each subject received four stages of 

training so that lever pressing would be maintained under a leaner reinforcement 

schedule. The first stage comprised four, 20-min sessions of lever pressing training, 

during which lever pressing was reinforced according to a cone VI 15-s VI 15-s 

reinforcement schedule. Except for the first session, a 2-s COD was introduced. 

Thereafter, the reinforcement schedule was made leaner in three stages; cone VI 30-s 

VI 30-s; cone VI 60-s VI 60-s; and, VI 120-s VI 120-s. Three, 30-min sessions for each 

schedule were given. On the basis of the data from the three sessions of the last 

stage, subjects were divided into six subgroups (n = 4). These groups were 

counterbalanced for response rates to the two levers, and for the response 

allocations.

The experimental treatments for this study were the same as those described 

in Experiment 4.1 except for the value of the reinforcement schedule. During the 

Acquisition stage, three of the six subgroups (Group Rft-Tone) received 12
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reinforcement sessions, during which lever pressing was reinforced by either of 

cone VI 150-s VI 450-s, cone VI 180-s VI 180-s, and cone VI 450-s VI 150-s 

reinforcement schedule. The other three subgroups (Group Tone-Rft) received 12 

tone sessions, during which both a cone VI 60-s VI 60-s schedule of tone 

presentation and either of three reinforcement schedules were effective. This was 

followed by 12 sessions of the Reversal stage, where the Group Rft-Tone received 

the tone sessions, and the Group Tone-Rft received the reinforcement only sessions. 

Other details were as described in Experiment 4.1.

D ata collection and analysis. The same methods of data collection and 

analysis were employed as those described in Experiment 4.1, in terms of three 

variables during the reinforcement sessions, four during the tone sessions, and 

averaged data for block of four sessions.

Results

Acquisition stage

The group mean response rates for each block of four sessions for each 

subgroup are shown in Table 4.3 and Figure 4.6. Table 4.3 also includes mean time 

allocation, mean reinforcement rates, mean tone rates, and SE for each variable for 

each alternative. Figure 4.7 depicts the group mean suppression ratios for each 

block of four sessions for each subgroup.

The averaged response rate for each subgroup generally showed increases 

over the three blocks. Each pair showed some difference in response rate, however.
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T a b l e  4 .3
Mean ( and SEm ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Schedule Response Rate Time Allocation Reinforcement Rate Tone Rate
(Subgroup) Left Right Left Right Left Right Left Right

Group Rft-Tone Acquisition Block
cone VI150-S VI450-S 11.4 7.0 41.87 17.82 0.38 0.13 —  —

1.43 ) ( 1.04 ( 0.61 ) (  0.63) ( 0.007 ) ( 0.004 )
cone VI180-S VI180-S 8.1 8.4 37.16 22.56 0.24 0.23 —

1.05 ) ( 1.39 ( 0.85 ) (  0.91) ( 0.009 ) ( 0.002 )
cone VI450-S VI150-S 5.6 12.8 19.77 39.89 0.14 0.41 —

0.83 ) ( 2.02 ( 2.96 ) (  3.02) ( 0.013 ) ( 0.004 )
Group Rft-Tone Acquisition Block

cone VI150-S VI450-S 13.6 8.0 42.05 17.75 0.42 0.15 —  —
2.32 ) ( 1.25 ( 0.69 ) (  0.62) ( 0.004 ) ( 0.004 )

cone VI180-S VI180-S 9.7 10.3 35.51 24.24 0.32 0.27 —
2.00 ) ( 1.24 ( 0.84 ) (  0.79) ( 0.009 ) ( 0.005 )

cone VI450-S VIlSO-s 4.5 12.3 17.08 42.65 0.10 0.34 —
0.21 ) ( 1.25 ( 1.92 ) ( 1.88 ) ( 0.003 ) ( 0.003 )

Group Rft-Tone Acquisition Block
cone VI150-S VI450-S 15.6 8.3 43.67 16.23 0.39 0.14 —

3.59 ) ( 1.57 ( 2.26 ) (  2.20) ( 0.008 ) ( 0.005 )
cone VI180-S VI180-S 10.6 8.9 39.46 20.38 0.37 0.22 —

2.42 ) ( 1.57 ( 0.82 ) ( 0.81 ) ( 0.016 ) ( 0.012 )
cone VI450-S VIlSO-s 5.7 15.9 16.08 43.68 0.10 0.43 —

0.18 ) ( 1.95 ( 1.27 ) ( 1.30 ) ( 0.002 ) ( 0.004 )
Group Rft-Tone Reversal Block

cone VI150-S VI450-S 17.7 6.2 46.24 13.61 0.45 0.09 0.84 0.47
& 49)( 0.62 ( 2.62 ) (  2.63) ( 0.004 ) ( 0.005 ) ( 0.032 ) ( 0.024 )

cone VI180-S VI180-S 10.2 8.2 38.80 20.99 0.30 0.23 0.74 0.56
2.97 ) ( 1.50 ( 1.57 ) (  1.56) ( 0.011 ) ( 0.013 ) ( 0.063 ) ( 0.054 )

cone VI450-S VI150-S 4.6 14.2 14.92 44.68 0.10 0.34 0.46 0.85
0.35 ) ( 1.88 ( 1.75 ) (  1.73) ( 0.004 ) ( 0.003 ) ( 0.040 ) ( 0.002 )

Group Rft-Tone Reversal Block
cone VI150-S VI450-S 19.4 9.1 44.66 15.12 0.37 0.13 0.90 0.55

5.04 ) ( 2.02 ( 0.55 ) (  0.53) ( 0.008 ) ( 0.002 ) ( 0.047 ) ( 0.039 )
cone VI180-S VI180-S 10.6 11.3 35.13 24.75 0.28 0.27 0.75 0.70

2.33 ) ( 2.11 ( 0.98 ) (  0.99) ( 0.007 ) ( 0.009 ) ( 0.031 ) ( 0.041 )
cone VI450-S VIlSO-s 6.0 13.9 17.55 42.18 0.12 0.38 0.49 0.88

0.54 ) ( 0.23 ( 1.52 ) (  1.64) ( 0.003 ) ( 0.010 ) ( 0.023 ) ( 0.022 )
Group Rft-Tone Reversal Block

cone VI150-S VI450-S 18.7 6.5 48.24 11.33 0.34 0.07 0.90 0.46
4.76 ) ( 1.43 ( 0.98 ) (  0.82) ( 0.011 ) ( 0.002 ) ( 0.036 ) ( 0.057 )

cone VI180-S VI180-S 13.6 11.0 38.61 21.05 0.32 0.28 0.86 0.63
1.03 ) ( 1.99 ( 0.48 ) (  0.55) ( 0.003 ) ( 0.008 ) ( 0.020 ) ( 0.047 )

cone VI450-S VI150-S 5.6 15.4 16.17 43.27 0.09 0.41 0.50 0.80
0.52 ) ( 1.02 ( 0.96 ) (  1.03) ( 0.004 ) ( 0.004 ) ( 0.019 ) ( 0.023 )
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Table 4.3 (cont'd)
Mean ( and SEm ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Schedule Response Rate Time Allocation Reinforcement Rate Tone Rate
(Subgroup) Left Right Left Right Left Right Left Right

Group Tone-Rft Acquisition Block
cone VI150-S V1450-S 9.8 6.4 38.37 20.95 0.30 0.10 0.70 0.49

2.21 ) ( 1.67 ) ( 3.18) ( 3.26) ( 0.004 ) ( 0.016 ) ( 0.026 ) ( 0.108 )
cone VI180-S VI180-S 10.4 11.4 34.89 24.85 0.29 0.29 0.66 0.51

1.80) ( 4.92 ) ( 7.94 ) (  8.11) ( 0.010 ) ( 0.098 ) ( 0.066 ) ( 0.171 )
cone VI450-S VIlSO-s 4.9 9.3 23.87 35.76 0.07 0.25 0.55 0.64

1.14) ( 2.25 ) ( 3.34 ) (  3.38) ( 0.009 ) ( 0.008 ) ( 0.073 ) ( 0.031 )
Group Tone-Rft Acquisition Block

cone VI150-S VI450-S 12.4 5.0 46.11 13.23 0.34 0.06 0.89 0.38
2.81 ) ( 1.91 ) ( 3.53 ) ( 3.44 ) ( 0.008 ) ( 0.021 ) ( 0.012 ) ( 0.123 )

cone VI180-S VI180-S 11.8 11.4 35.36 24.41 0.28 0.25 0.73 0.53
2.68) ( 4.83 ) ( 7.73 ) ( 7.82 ) ( 0.013 ) ( 0.082 ) ( 0.051 ) ( 0.179 )

cone VI450-S VI150-S 4.7 14.0 19.02 40.78 0.11 0.46 0.51 0.81
1.12) ( 3.80 ) ( 4.37 ) (  4.48) ( 0.009 ) ( 0.009 ) ( 0.098 ) ( 0.048 )

Group Tone-Rft Acquisition Block
cone VI150-S V1450-S 14.2 6.2 44.01 15.58 0.42 0.12 0.80 0.46

4.29) ( 2.05 ) ( 1.64 ) (  1.61) ( 0.015 ) ( 0.008 ) ( 0.031 ) ( 0.075 )
cone VI180-S V1180-S 12.5 13.9 33.72 26.04 0.28 0.22 0.71 0.54

2.92) ( 5.90 ) ( 8.63 ) (  8.76) ( 0.008 ) ( 0.074 ) ( 0.061 ) ( 0.181 )
cone VI450-S VIlSO-s 4.8 13.2 19.34 40.49 0.12 0.33 0.46 0.85

0.82) ( 3.68 ) ( 4.99 ) ( 4.97 ) ( 0.008 ) ( 0.009 ) ( 0.093 ) ( 0.057 )
Group Tone-Rft Reversal Block

cone V1150-S VI450-S 14.7 6.5 43.19 16.45 0.33 0.12 --- ---
4.52) ( 2.05 ) ( 1.39 ) ( 1.45 ) ( 0.005 ) ( 0.006 )

cone VI180-S VI180-S 14.2 12.2 37.70 22.11 0.33 0.19 --- ---

3.11 ) ( 5.49 ) ( 7.36 ) (  7.41) ( 0.007 ) ( 0.065 )
cone VI450-S VIlSO-s 4.8 13.5 17.48 42.17 0.08 0.37 --- ---

0.78) ( 3.43 ) ( 3.62 ) (  3.71) ( 0.002 ) ( 0.005 )
Group Tone-Rft Reversal Block

cone VI150-S VI450-S 16.6 10.0 38.31 21.32 0.33 0.18 --- ---
5.75) ( 2.92 ) ( 0.60 ) (  0.54) ( 0.003 ) ( 0.004 )

cone V1180-S VI180-S 14.9 13.4 39.67 20.10 0.29 0.23 --- ---

2.13 ) ( 6.23 ) ( 6.72 ) (  6.75) ( 0.006 ) ( 0.076 )
cone VI450-S VIlSO-s 5.5 12.4 18.89 41.34 0.13 0.26 --- ---

1.15) ( 3.23 ) ( 3.29 ) (  3.07) ( 0.008 ) ( 0.007 )
Group Tone-Rft Reversal Block

cone VI150-S VI450-S 17.5 7.2 44.80 14.73 0.39 0.10 --- ---

4.98) ( 1.82 ) ( 0.89 ) (  0.84) ( 0.005 ) ( 0.003 )
cone VI180-S VI180-S 13.5 9.3 40.37 19.27 0.30 0.17 --- ---

2.43) ( 3.61 ) ( 6.50 ) (  6.59) ( 0.004 ) ( 0.057 )
cone VI450-S VI150-S 6.7 13.6 20.78 38.93 0.14 0.39 --- ---

1.29 ) ( 4.73 ) ( 3.09 ) (  3.08) ( 0.004 ) ( 0.013 )
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Figure 4.6. Group-mean response rate for each subgroup (top-left, top-right, and bottom-left), and 
each group (bottom-right) as a function of blocks of four sessions during Acquisition and Reversal 
stages of Experiment 4.2. Error bar shows Standard Error of Mean. Group Rft-Tone received 
reinforcement-only sessions during the Acquisition stage, and both reinforcement and tone sessions 
during the Reversal stage. Group Tone-Rft received these two stages in the reversed order.

no consistent tendency concerning to the dominance of one group over the other 

was found. A three-way ANOVA showed that a main effect of Block was 

significant (F(2,36) = 11.48, p < .001), but no other main effects or interactions were 

significant {ps > .15). The overall tendency displayed in the suppression ratio data 

was almost the same as those of response rates. A three-way ANOVA revealed only 

a main effect of Block (f(2,36) = 9.96, p < .001), but no other main effects or 

interactions were significant {ps > .10).
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A relatively large SE for mean response rate of Group Tone-Rft under conc 

VI 180-s VI 180-s should be noted. This was caused by one rat showing a much 

higher level of responding than any other rats. The response rate in the first block 

for this rat was 39.3, which is more than twice of the overall mean rate for all rats, 

16.62 {SB = 1.08). However, due to the high level of its initial level of responding 

during the pre-training stage, the large SB was not found in suppression ratio data.

Reversal stage

The response increase observed during the Acquisition stage terminated 

w hen the experimental condition was reversed, and group mean response rate 

rem ained below 25 per minute. The addition of the tone schedule produced a 

response suppression at the first block of the Reversal stage for Group Rft-Tone, 

whereas the withdrawal of that caused no clear change in Group Tone-Rft, both of 

which effects combined to make the response rate for Group Tone-Rft higher than 

that for Group Rft-Tone for the first two blocks (eight sessions). The response rates 

increased until the second block for both groups. For the last block, the rates 

remained almost at the same level as that in the previous block for Group Rft-Tone, 

while they decreased for Group Tone-Rft. The decrease of the response rate for 

Group Tone-Rft observed in the last block may have been caused particularly by a 

steep drop of the rate for the subgroup under conc VI 180-s VI 180-s. Especially, the 

rat who showed an extremely high level of responding until then suddenly showed 

a 33.1 % decrease of the response rate at the last block compared to the previous 

block (from 61.84 to 41.38 in response rates). All the other three rats in the subgroup
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Figure 4,7. Group-mean suppression ratio for each subgroup (top-left, top-right, and bottom-left), 
and each group (bottom-right) as a function of blocks of four sessions during Acquisition and 
Reversal stages of Experiment 4.2. Suppression ratio was calculated as the response rate in each 
session divided by the total response rates in each session and during the last two sessions of the pre
training stage. 0.5 means no suppression, below 0.5 suppression, and above 0.5 facilitation. Error 
bar shows Standard Error of Mean. Group Rft-Tone received reinforcement-only sessions during the 
Acquisition stage, and both reinforcement and tone sessions during the Reversal stage. Group Tone- 
Rft received these two stages in the reversed order.

showed a decrease, but the percentage of these decreases were: 5.1,19.3, and 4.8 %. 

A three-way ANOVA for the response rate data revealed that the main effect of 

Block was significant (F(2,36) = 4.82, p < .05), the interaction of the three factors was 

just on the border of the significant level (f  (4,36) = 2.62, p = .0504), and that neither 

the other main effects nor the other interactions proved to be statistically significant 

(ps > .10).
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Figure 4.8. Overall response rates over the last 4 sessions of each stage, for each group of Experiment 
4.2. Error bars display the standard errors of mean. Group Rft-Tone received reinforcement-only 
sessions during the Acquisition stage, and both reinforcement and tone sessions during the Reversal 
stage. Group Tone-Rft received these two stages in the reversed order.

The suppression ratio data demonstrated the almost the same tendencies as 

the response rate data. A three-way ANOVA revealed a significant main effect of 

Block (F(2,36) = 5.55, p < .01), and a significant interaction of three factors (f  (4,36) 

= 3.47, p < .05). Any other main effects and interactions were not significant (ps > 

.20).

The response rates in the last block during the Acquisition and Reversal 

stages for each group are shown in Figure 4.8. Due to the drop of the response rates 

in the last block for Group Tone-Rft, Group Rft-Tone showed a greater increase
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Table 4.4
Results of least square linear regression analyses according to the generalized matching law for 

each block for each Group for each response measure in Experiment 4.2. SE denotes the standard 
error of estimation. %VAC is the percentage of data variance accounted for by the fitted line.

Response measure Time measure
and Inter % Inter %

Block Slope ( S B ) cept VAC Slope ( S B ) cept VAC
Group Rft-Tone

Acquisition/ Block 1 .609 ( .029) -.060 99.5 .726 ( .135) .088 92.8
/  Block 2 .681 ( .006) -.070 100.0 .804 ( .068) .055 98.5
/  Block 3 .651 ( .041) -.032 99.4 .813 ( .025) .091 99.9

Reversal/ Block 1 .795 ( .055) -.048 99.3 .857 ( .153) .034 95.7
/  Block 2 .732 ( .034) -.016 99.5 .903 ( .056) .089 99.2
/  Block 3 .661 ( .052) .009 99.3 .774 ( .116) .122 97.7

Group Tone-Rft
Acquisition/ Block 1 .462 ( .010) -.034 99.9 .444 ( .072) .088 94.9

/  Block 2 .631 ( .048) -.053 99.4 .636 ( .046) .091 99.4
/  Block 3 .811 ( .039) -.096 99.5 .781 ( .005) .030 100.0

Reversal/ Block 1 .680 ( .105) -.012 96.7 .715 ( .030) .088 99.8
/  Block 2 1.002 ( .014) -.046 99.9 1.153 ( .157) .052 90.2
/  Block 3 .658 ( .014) -.011 99.9 .727 ( .082) .078 97.9

through the reversal of the condition than Group Tone-Rft, which was the opposite 

result to that during the first two blocks in the Reversal stage. However, a three- 

way ANOVA on the response rate data during the last block in each stage showed 

no significant effects and interactions (ps > .05).

S en sitiv ity  to Reinforcement A llocation

Table 4.4 shows the results of the least square linear regression analyses 

according to the generalised matching law, and Figure 4.9 displays those regression 

lines for each block of four sessions, for each group and each behavioural measure, 

for both response allocation and time allocation. The changes of the slope values 

of each regression line through the block of four sessions for each group and each 

behavioural measure are depicted in Figure 4.10.
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Experiment 4.2. Solid lines show fitted least squares regression lines for response allocation, broken 
lines show those for time allocation. Diagonal dotted line denotes the strict matching. Equations of the 
regression analyses are also given with the variances of accounted for in parentheses. Group Rft-Tone 
received reinforcement-only sessions during the Acquisition stage, and both reinforcement and tone 
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163



.4

.0

-.4

Group Rft-Tone Group Tone-Rft

Reversal first four sessions

o  re sp o n se  
y = ,680x - .012 (96.7%) '

•  time
y = .715 x + .088(99.8%) ^

y

o  re s p o n s e
y = .776x- .053(99.1%)

y = 835x + .028 (95.1%)  ̂ ' /

I •
CL 
LU

LU
en
zo
Û_
en
LU
CL

oo

.4

.0 -

-.4 -

-.8

o  re sp o n se  
y = .732x - .016(99.5%)

•  time
y = 903x + .089 (99.2“/ ^   ̂ '

z;/"
/y

Reversai second four sessions

/ ' o re sp o n se  
y = 1.002x-.046(99.9% ) /

•  time /  y
y = 1.153x + .052 /

(90.2%)

Reversai last four sessions

-.4

G resp o n se
y = .661X + .009 (99.3%)

# time
y = 774x + .122 (97.7%) / '

O re sp o n se  
y = .658x - .011 (99.9%)

•  time 
y = .727x + .078 

(97.9%)

y ..
y^

y.

-.8 -.4 .0 .8 -.8 -.4 .0 .4

LOG OBTAINED REINFORCER RATIO
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Figure 4.10. Sensitivities to reinforcement allocation as slope values of the regression analyses for 
each block of four sessions in each stage, for each group, and for each behavioural measure of 
Experiment 4.2. Opened circle and solid lines display data for Group Rft-Tone, and filled circle and 
broken lines display data for Group Tone-Rft. Error bars display the standard errors of estimation.

High VACs, and the slope values lower than 1.0, with some exceptions were 

found in this experiment. Along with these results, three further aspects of results 

should be noted. First, slope values for both response measures for Group Tone-Rft 

clearly increased over blocks during the Acquisition stage. At the first block of 

Acquisition, the sensitivity to the reinforcement allocation was poor for Group 

Tone-Rft for both measures, however, it became far greater than that for Group Rft- 

Tone for response allocation, and up to more or less the same level for time
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allocation. Second, the reversal in conditions produced a consistent change of the 

slope value for each group for both measures. The superimposition of a tone 

schedule for Group Rft-Tone improved the sensitivity to the reinforcement 

allocation, on the contrary, the withdrawal of the tone schedule for Group Tone-Rft 

reduced the sensitivity to the reinforcement allocation. However, the sensitivities 

for Group Rft-Tone generally decreased during the tone sessions for both measures, 

whereas those for Group Tone-Rft drastically increased at the second block and 

were back to the same level as that at the first block during the Reversal stage. 

Finally, the difference between two behavioural measures was found at most blocks 

in this study. Throughout the all blocks, the slope value for time allocation was 

consistently higher than that for response allocation for Group Rft-Tone. It was the 

case also in four from six blocks for Group Tone-Rft.

Discussion

The suppressive effect of tone was not observed during the Acquisition stage 

in this experiment. Instead, the two groups showed almost the identical rates of 

responding. Since the level of responding for each group was counterbalanced and, 

therefore, was kept at the same level, 41.5 (0.20) and 40.9 (0.44) during the three 

sessions of the last training stage, the tone schedule could not be considered to have 

affected the acquisition process.

The tone schedule may have affected differentially the responses for each 

group at the reversal point of the procedure. The different direction of responding 

at the reversal point for each group should be noted. Under an assumption of
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suppressive effect of tone, it would be expected to find a response decrease for 

G roup Rft-Tone, and a response elevation for Group Tone-Rft. The data may 

support these expectations at least in part. All three subgroups for Group Tone-Rft 

showed a slight increase or no change at this reversal point, whereas, all three 

subgroups for Group Rft-Tone showed no change or a slight decrease. Furthermore, 

the higher level of responding for Group Tone-Rft over Group Rft-Tone remained 

for the first two blocks during the Reversal stage. The drop at the last block 

observed for Group Tone-Rft may have been caused by the great decrease of 

response rate for one rat, which produced a spurious result at the last block. No 

particular reason was obvious for this, because no other aspect of the data was 

distinctive, for example, the reinforcer rate data, for subgroup under conc VI 180-s 

VI 180-s for Group Tone-Rft, showed no clear changes throughout the blocks.

W ith respect to the sensitivity data, the tone may be said to generate two 

results consistent with the findings available so far. The improvement of the 

sensitivity for Group Rft may be supported by the finding that the addition of 

punishment schedule produced a preference shift towards overmatching (de 

Villiers, 1980; Farley, 1980; Yoshino, 1986). The higher sensitivity for time allocation 

than that for response allocation is also a common result reported by previous 

studies (e.g., Hollard & Davison, 1971). However, in order to confirm these 

findings, some further experimental data are needed because some exceptions to 

this description were found in this study.

The current experiment failed to note the suppressive effect of a tone at least 

during the Acquisition stage under a leaner reinforcement schedule with 1.5-s tone
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(100 Hz, 105 dB[A]). The results may suggest that the tone schedule affected 

responses, not during the acquisition stage but at the point of the addition or 

w ithdraw al of the tone. It may also imply that only a comparison within groups 

detects the effect of tone when it is slight. Meanwhile, it is not still clear if the 

physical property alone causes this failure to find a suppressive effect of the tone. 

These issues should be explored through further experiments using a brief tone, 

which is recognised to enhance the suppressive effect of tone on responses.

Experiment 4.3 Between-subjects comparisons of response acquisition with and 

without tone-punishment: Rich reinforcement schedule and brief tone

Experiment 4.3 employed a richer reinforcement schedule and a 0.5-s tone 

(100 Hz, 105 dB[A]), to explore whether the tone suppresses responses maintained 

by a richer reinforcement schedule. The response rates for two groups were 

compared with each other. As in the two previous experiments in this chapter, one 

group received the reinforcement schedule only, and the other group received both 

a tone presentation and the reinforcement schedules from the early stage of 

response acquisition.

Method

Subjects and apparatus. Twenty-four experimentally naïve, male Lister
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Hooded rats were used. The subjects were 4-5 months old at the start of training, 

had a free-feeding body weight range of 329-425 g and were maintained at 85% of 

this weight (280-361 g) throughout the experiment. Other details regarding subjects 

and apparatus were as described in Experiment 4.1.

Procedure, data collection, and analysis. The procedure employed here 

were almost the same as those in Experiment 4.1, except two aspects, the session 

numbers of the Acquisition and Reversal stages, and the tone duration, which was 

0.5 s instead of 1.5 s. Prior to the experimental treatment, each rat received the same 

procedure of two magazine training sessions, and eight, 20-min sessions of lever 

pressing training sessions under a conc VI 15-s VI 15-s reinforcement schedule. The 

rest of the procedure during this period was the same as those in Experiment 4.1.

The experimental treatment included two stages. Acquisition and Reversal. 

20 sessions during the Acquisition stage and eight sessions during the Reversal 

stage were given. The reinforcement schedule for each subgroup were the same as 

in Experiment 4.1; either conc VI 30-s VI 90-s; conc VI 30-s VI 30-s; and conc VI 90-s 

VI 30-s reinforcement schedules. During the tone sessions, 0.5-s tone (100 Hz, 105 

dB[A]) was employed. Any other aspects regarding the experimental procedures, 

and data collection and analysis, were as described in Experiment 4.1.

Result and Discussion

Acquisition  stage

The group mean response rates for each block of four sessions for each
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Table 4.5
Mean ( and S Em  ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Schedule Response Rate Time Allocation Reinforcement Rate Tone Rate
(Subgroup) Left Right Left Right Left Right Left Right

Group Rft-Tone Acquisition Block 1
conc VI30-S VI90-S 18.5 8.5 42.69 17.18 1.45 0.51 --- —

( 2.68 ) ( 0.95 ( 1.94 ) (  1.96 ( 0.066 ) ( 0.034 )
conc VI30-S VI30-S 13.7 13.5 26.23 33.45 1.15 1.19 —— ---

( 2.94 ) ( 2.38 ( 2.72 ) (  2.61 ( 0.076 ) ( 0.036 )
conc VI90-S VI30-S 7.5 17.8 22.35 37.49 0.36 1.55 --- ---

( 1.56) ( 1.60 ( 0.83 ) ( 0.86 ( 0.029 ) ( 0.025 )
Group Rft-Tone Acquisition Block 2

conc VI30-S VI90-S 23.1 9.0 41.30 18.56 1.59 0.43 --- ---
( 2.19 ) ( 0.79 ( 1.62 ) (  1.68 ( 0.021 ) ( 0.032 )

conc VI30-S VI30-S 18.7 18.0 27.78 32.13 1.34 1.31 -- -
( 5.13) ( 4.38 ( 2.13 ) (  2.14 ( 0.097 ) ( 0.037 )

conc VI90-S VI30-S 8.0 23.7 18.12 41.67 0.46 1.63 --- ——
( 0.85 ) ( 1.94 ( 1.52 ) (  1.51 ( 0.009 ) ( 0.030 )

Group Rft-Tone Acquisition Block 3
conc VI30-S VI90-S 27.7 11.1 45.09 14.79 1.76 0.49 --- ---

( 3.30 ) ( 0.39 ( 2.46 ) ( 2.47 ( 0.024 ) ( 0.035 )
conc VI30-S VI30-S 24.6 22.9 30.06 29.77 1.36 1.40 --- ---

( 6.82 ) ( 7.46 ( 1.78 ) ( 1.83 ( 0.021 ) ( 0.068 )
conc VI90-S VI30-S 10.6 25.0 22.10 37.70 0.56 1.56 ---

( 1.67) ( 1.96 ( 2.23 ) (  2.23 ( 0.023 ) ( 0.040 )
Group Rft-Tone Acquisition Block 4

conc VI30-S VI90-S 29.6 12.5 45.54 14.42 1.68 0.53 ---
( 2.79 ) ( 1.00 ( 2.00 ) ( 2.00 ( 0.021 ) ( 0.017 )

conc VI30-S VI30-S 38.6 28.4 30.19 29.75 1.59 1.37 ---
( 11.62) ( 9.99 ( 1.61 ) ( 1.64 ( 0.045 ) ( 0.039 )

conc VI90-S VI30-S 11.9 30.2 16.87 43.06 0.51 1.79 --- ---
( 0.91 ) ( 2.47 ( 1.32 ) ( 1.32 ( 0.011 ) ( 0.025 )

Group Rft-Tone Acquisition Block 5
conc VI30-S VI90-S 31.1 13.9 44.79 15.16 1.57 0.50 --- ---

( 2.87 ) ( 1.71 ( 2.21 ) (  2.21 ( 0.034 ) ( 0.011 )
conc VI30-S VI30-S 41.1 32.8 28.54 31.40 1.59 1.62

( 11.86) ( 7.36 ( 1.26 ) (  1.27 ( 0.049 ) ( 0.047 )
conc VI90-S VI30-S 12.3 31.8 18.96 40.96 0.43 1.69 ---

( 1.53 ) ( 2.42 ( 1.09 ) (  1.14 ( 0.017 ) ( 0.028 )
Group Rft-Tone Reversal Block 1

conc VI30-S VI90-S 37.1 14.0 42.40 17.55 1.86 0.54 0.96 0.73
( 2.85 ) ( 1.72 ( 2.26 ) (  2.27 ( 0.032 ) ( 0.019 ) 0.013 ) ( 0.007 )

conc VI30-S VI30-S 39.1 38.2 28.06 31.89 1.58 1.54 0.94 0.89
( 8.05 ) ( 10.29 ( 1.03 ) ( 1.03 ( 0.044 ) ( 0.030 ) 0.027 ) ( 0.017 )

conc VI90-S VI30-S 13.0 30.2 17.60 42.32 0.62 1.60 0.75 0.84
( 0.79 ) ( 1.62 ( 0.97 ) (  1.00 ( 0.014 ) ( 0.036 ) 0.013 ) ( 0.006 )

Group Tone-Rft Reversal Block 2
conc VI30-S VI90-S 39.6 13.6 41.83 18.15 1.70 0.52 0.94 0.68

( 4.50 ) ( 1.45 ( 3.03 ) ( 3.03 ( 0.025 ) ( 0.008 ) 0.005 ) ( 0.020 )
conc VI30-S VI30-S 42.6 41.3 27.88 32.11 1.63 1.43 0.75 0.98

( 9.77 ) ( 10.95 ( 1.66 ) ( 1.66 ( 0.066 ) ( 0.051 ) 0.013 ) ( 0.027 )
conc VI90-S VI30-S 12.6 34.0 16.54 43.36 0.53 1.78 0.65 0.95

( 1.76 ) ( 3.61 ( 1.25 ) ( 1.26 ( 0.018 ) ( 0.025 ) 0.023 ) ( 0.020 )
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Table 4.5(cont'd)
Mean ( and SEm ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Schedule Response Rate Time Allocation Reinforcement Rate Tone Rate
(Subgroup) Left Right Left Right Left Right Left Right

Group Tone-Rft Acquisition Block 1
conc VI30-S VI90-S 16.8 7.6 42.69 17.18 1.55 0.42 0.66 0.26

( 2.26) 2.14) ( 1.94 ) (  1.96 ( 0.037 ) ( 0.044 ) 0.010 ) ( 0.027)
conc VI30-S VI30-S 9.9 13.6 26.23 33.45 0.96 1.27 0.44 0.54

( 1.09 ) 1.24 ) ( 2.72 ) (  2.61 ( 0.077 ) ( 0.020 ) 0.062 ) ( 0.060)
conc VI90-S VI30-S 7.9 16.3 22.35 37.49 0.52 1.33 0.44 0.61

( 0.84) 1.14 ) ( 0.83 ) ( 0.86 ( 0.022 ) ( 0.018 ) 0.027 ) ( 0.021 )
Group Tone-Rft Acquisition Block 2

conc VI30-S VI90-S 23.1 9.0 41.30 18.56 1.59 0.43 0.70 0.51
( 2.19) 0.79 ) ( 1.62 ) ( 1.68 ( 0.021 ) ( 0.032 ) 0.017 ) ( 0.036 )

conc VI30-S VI30-S 18.7 18.0 27.78 32.13 1.34 1.31 0.58 0.46
( 5.13) 4.38 ) ( 2.13 ) (  2.14 ( 0.097 ) ( 0.037 ) 0.021 ) ( 0.016)

conc VI90-S VI30-S 8.0 23.7 18.12 41.67 0.46 1.63 0.47 0.67
( 0.85 ) 1.94) ( 1.52 ) (  1.51 ( 0.009 ) ( 0.030 ) 0.012 ) ( 0.011 )

Group Tone-Rft Acquisition Block 3
conc VI30-S VI90-S 25.5 10.4 45.09 14.79 1.63 0.45 0.69 0.45

( 2.82 ) 1.84 ) ( 2.46 ) (  2.47 ( 0.022 ) ( 0.020 ) 0.010 ) ( 0.043)
conc VI30-S VI30-S 21.4 21.5 30.06 29.77 1.53 1.45 0.58 0.55

( 2.94) 2.52 ) ( 1.78 ) ( 1.83 ( 0.054 ) ( 0.028 ) 0.007 ) ( 0.010)
conc VI90-S VI30-S 11.6 24.2 22.10 37.70 0.55 1.56 0.56 0.78

( 0.76) 1.45 ) ( 2.23 ) ( 2.23 ( 0.024 ) ( 0.063 ) 0.019 ) ( 0.022)
Group Tone-Rft Acquisition Block 4

conc VI30-S VI90-S 29.5 12.0 45.54 14.42 1.60 0.51 0.70 0.54
( 3.67 ) 2.32) ( 2.00 ) ( 2.00 ( 0.015 ) ( 0.028 ) 0.005 ) ( 0.046)

conc VI30-S VI30-S 26.1 25.2 30.19 29.75 1.54 1.27 0.55 0.67
( 2.63 ) 4.24 ) ( 1.61 ) (  1.64 ( 0.031 ) ( 0.043 ) 0.008 ) ( 0.021 )

conc VI90-S VI30-S 11.2 28.4 16.87 43.06 0.44 1.61 0.50 0.67
( 1.25) 1.15 ) ( 1.32 ) ( 1.32 ( 0.020 ) ( 0.024 ) 0.012 ) ( 0.007)

Group Tone-Rft Acquisition Block 5
conc VI30-S VI90-S 34.9 12.4 44.79 15.16 1.74 0.49 0.89 0.62

( 2.26 ) 2.45 ) ( 2.21 ) (  2.21 ( 0.022 ) ( 0.014 ) 0.002 ) ( 0.032)
conc VI30-S VI30-S 29.1 31.5 28.54 31.40 1.52 1.47 0.85 0.77

( 3.79 ) 3.89 ) ( 1.26 ) (  1.27 ( 0.027 ) ( 0.014 ) 0.010 ) ( 0.008)
conc VI90-S VI30-S 15.8 31.9 18.96 40.96 0.59 1.71 0.76 0.88

( 1.39 ) 2.06) ( 1.09 ) (  1.14 ( 0.011 ) ( 0.018 ) 0.011 ) ( 0.020)
Group Tone-Rft Reversal Block 1

conc VI30-S VI90-S 37.3 18.7 42.40 17.55 1.65 0.56 —— ---
( 2.15) 3.87) ( 2.26 ) (  2.27 ( 0.019 ) ( 0.024 )

conc VI30-S VI30-S 31.4 33.8 28.06 31.89 1.60 1.58 —— ---
( 4.09) 3.25 ) ( 1.03 ) ( 1.03 ( 0.047 ) ( 0.009 )

conc VI90-S VI30-S 17.9 39.6 17.60 42.32 0.51 1.73 --- ---
( 2.01) 4.18) ( 0.97 ) ( 1.00 ( 0.011 ) ( 0.018 )

Group Tone-Rft Reversal Block 2
conc VI30-S VI90-S 38.7 18.0 41.83 18.15 1.58 0.53 --- ——

( 0.74) 2.34 ) ( 3.03 ) ( 3.03 ( 0.056 ) ( 0.016 )
conc VI30-S VI30-S 32.3 33.9 27.88 32.11 1.52 1.68 ---- ---

( 3.83) 3.09 ) ( 1.66 ) ( 1.66 ( 0.041 ) ( 0.011 )
conc VI90-S VI30-S 18.2 43.5 16.54 43.36 0.55 1.86 —— ---

( 2.56 ) 5.21 ) ( 1.25 ) (  1.26 ( 0.016 ) ( 0.011 )
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Figure 4.11. Group-mean response rate for each subgroup (top-left, top-right, and bottom-left), and 
each group (bottom-right) as a function of blocks of four sessions during Acquisition and Reversal 
stages of Experiment 4.3. Error bar shows Standard Error or Mean. Group Rft-Tone received 
reinforcement-only sessions during the Acquisition stage, and both reinforcement and tone sessions 
during the Reversal stage. Group Tone-Rft received these two stages in the reversed order.

subgroup are shown in Table 4.5 and Figure 4.11. Table 4.5 also includes mean time 

allocation, mean reinforcement rates, mean tone rates, and SE for each variable for 

each alternative. Figure 4.12 depicts the group mean suppression ratios for each 

block of four sessions for each subgroup.

The response rate during the Acquisition stage increased in highly similar 

ways for the subgroups under conc VI 30-s VI 90-s, and conc VI 90-s VI 30-s. 

Subgroups under conc VI 30-s VI 30-s showed the difference in the mean response
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rate to each other. Overall mean response rate for Group Rft-Tone was slightly 

higher than that for Group Tone-Rft. Meanwhile, a large value of SE for subgroup 

of Group Rft-Tone under conc VI 30-s VI 30-s should also be noted. This was 

caused by a rat in that subgroup, that showed the highest level of responding, 130.1, 

and 129.9, at the fourth and the fifth block, respectively. These were extremely high 

considering the overall mean response rates for the other three rats in that subgroup 

(and SE), 47.3 (4.01) and 53.1 (3.83). A three-way ANOVA (Group x Schedule x 

Block) on the response rate data revealed that a main effect of Block (F(4,72) = 67.26, 

p < .001), and an interaction of Schedule x Block (E(8,72) = 4.86, p < .001) were 

significant, but neither the other main effect nor interactions was significant (ps > 

.15).

Due to differences in response rate observed during the pre-training stage 

among the subgroups, suppression ratio data showed a slightly different picture 

from the response rate data. The large difference in response rate between the two 

subgroups under a conc VI 30-s VI 30-s reduced, while the other two pairs of 

subgroups showed a small difference in suppression ratio. Group mean 

suppression ratios showed a clear difference at the first block, and the ratio for 

Group Rft-Tone was higher than that for Group Tone-Rft. This difference remained 

until the fourth block, and it disappeared at the final block. However, a three-way 

ANOVA on the suppression ratio data revealed the same results as that for the 

response rate data, a significant main effect of Block (F(4,72) = 178.41, p < .001), a 

significant interaction of Schedule x Block (F(8,72) = 4.86, p < .01), and no other 

significant effects (ps > .30).
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Figure 4.12. Group-mean suppression ratio for each subgroup (top-left, top-right, and bottom-left), 
and each group (bottom-right) as a function of blocks of four sessions during Acquisition and 
Reversal stages of Experiment 4.3. Suppression ratio was calculated as the response rate in each 
session divided by the total response rates in each session and during the last two sessions of the pre
training stage. 0.5 means no suppression, below 0.5 suppression, and above 0.5 facilitation. Error bar 
shows Standard Error or Mean. Group Rft-Tone received reinforcement-only sessions during the 
Acquisition stage, and both reinforcement and tone sessions during the Reversal stage. Group Tone-Rft 
received these two stages in the reversed order.

Reversal stage

The response increase observed during the Acquisition stage remained for 

two blocks of the Reversal sessions. It should be noted that the removal of the tone 

schedule generated increases in response rates for all three subgroups, whereas the 

superimposition of the tone did not necessarily produced decreases in rates. The 

mean response rates for the two groups switched, and the rate for Group Tone-Rft
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became higher than that for Group Rft-Tone on the first block. After that, the 

response rates for the two groups came together. A three-way ANOVA for the 

response rate data revealed that a main effect of Block (f  (1,18) = 4.47, p < .05) was 

significant, but that no other main effects and no interactions were significant (ps > 

.05).

The suppression ratio data demonstrated clearly the reversal in the response 

rates for two groups. Especially the subgroups of Group Tone-Rft, under a cone VI 

30-s VI 90-s and a cone VI 90-s VI 30-s, showed the higher response rate than the 

subgroups of Group Rft-Tone, and the differences in the response rates were kept 

until the second block. However, a three-way ANOVA for the response rate data 

revealed that no main effects or interactions were significant (ps > .05)

The response rates in the last block during the Acquisition and Reversal 

stages for each group are shown in Figure 4.13. Because of the one rat that showed 

the extremely high level of responding, the SEs for Group Rft-Tone were greater 

than those for Group Tone-Rft. Along with those differences, the level of 

responding for Group Rft-Tone was slightly higher than that for Group Tone-Rft 

during the Acquisition stage, and the slight difference disappeared during the 

Reversal stage. A three-way ANOVA on these data showed that main effects of 

Schedule (F(2,18) = 3.84, p < .05), and Stage (Acquisition/ Reversal) was significant 

(f(l,18) = 25.33, p < .001), but neither the other main effects nor the other 

interactions proved to be statistically significant (ps > .15).
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Figure 4.13. Overall response rates over the last 4 sessions of each stage, for each group of 
Experiment 4.3. Error bars display the standard errors of mean. Group Rft-Tone received 
reinforcement-only sessions during the Acquisition stage, and both reinforcement and tone sessions 
during the Reversal stage. Group Tone-Rft received these two stages in the reversed order.

S en sitiv ity  to Reinforcement A llocation

Table 4.6 shows the results of the least square linear regression analyses 

according to the generalised matching law, and Figure 4.14 displays those 

regression lines for each block of four sessions, for each group and each behavioural 

measure, for both response allocation and time allocation. The changes of the slope 

values of each regression line through the block of four sessions for each group and 

each behavioural measure are depicted in Figure 4.15.
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Table 4.6
Results of least square linear regression analyses according to the generalized matching law for 

each block for each Group for each response measure in Experiment 4.3. SE denotes the standard 
error of estimation. %VAC is the percentage of data variance accounted for by the fitted line.

Response measure Time measure
and

Block Slope ( SB )
Inter
cept

%
VAC Slope ( S B )

Inter
cept

%
VAC

Group Rft-Tone
Acquisition/ Block 1 .674 ( .014) .038 99.9 .576 ( .029) .028 99.5

/  Block 2 .789 ( .036) -.023 99.7 .778 ( .009) .024 100.0
/  Block 3 .763 ( .055) -.005 99.0 .736 ( .003) .011 100.0
/  Block 4 .753 ( .067) .030 98.6 .761 ( .046) .019 99.3
/  Block 5 .697 ( .081) .038 97.8 .785 ( .016) .038 99.9

Reversal/ Block 1 .826 ( .022) -.016 99.8 .856 ( .047) -.031 99.3
/  Block 2 .853 ( .047) .003 99.5 .859 ( .024) .002 99.9

Group Tone-Rft
Acquisition/ Block 1 .685 ( .012) -.045 99.9 .654 ( .050) .013 98.8

/  Block 2 .737 ( .032) -.052 99.6 .747 ( .036) .007 99.5
/  Block 3 .696 ( .011) -.007 99.9 .710 ( .081) .055 97.5
/  Block 4 .741 ( .050) -.004 99.2 .834 ( .112) .029 97.0
/  Block 5 .747 ( .068) .010 98.4 .799 ( .070) .003 98.5

Reversal/ Block 1 .642 ( .025) -.014 99.7 .758 ( .068) -.004 98.4
/  Block 2 .706 ( .012) .000 99.9 .777 ( .016) -.015 99.9

Two consistent results from these analyses were found in all regression lines; 

the high VACs for those lines (no smaller than 97.0%), and the slope values under 

0.9 showing undermatching. Although comparisons of slope values for two groups 

revealed no consistent tendencies during the Acquisition stage, it should be noted 

that the alteration of the behavioural contingencies elevated the sensitivity to 

reinforcement allocation for Group Rft-Tone for both measures, and it generated a 

decrease of the sensitivity for Group Tone-Rft. The difference of the sensitivities 

between the two groups was clear during the Reversal stage not only for response 

allocation but also time allocation.
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Figure 4.14. Log response ratios (opened circle), and log time allocation ratios (filled circle) as a 
function of log obtained reinforcer ratios for each block of four sessions in each stage, and for each 
group of Experiment 4.3. Solid lines show fitted least squares regression lines for response 
allocation, broken lines show those for time allocation. Diagonal dotted line denotes the strict 
matching. Equations of the regression analyses are also given with the variances of accounted for 
in parentheses. Group Rft-Tone received reinforcement-only sessions during the Acquisition stage, 
and both reinforcement and tone sessions during the Reversal stage. Group Tone-Rft received these 
two stages in the reversed order.
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Figure 4.14 (cont'd). Log response ratios (opened circle), and log time allocation ratios (filled circle) 
as a function of log obtained reinforcer ratios for each block of four sessions in each stage, and for each 
group of Experiment 4.3. Solid lines show fitted least squares regression lines for response allocation, 
broken lines show those for time allocation. Diagonal dotted line denotes the strict matching. 
Equations of the regression analyses are also given with the variances of accounted for in parentheses. 
Group Rft-Tone received reinforcement-only sessions during the Acquisition stage, and both 
reinforcement and tone sessions during the Reversal stage. Group Tone-Rft received these two stages 
in the reversed order.
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Figure 4.14 (cont'd). Log response ratios (opened circle), and log time allocation ratios (filled circle) 
as a function of log obtained reinforcer ratios for each block of four sessions in each stage, and for 
each group of Experiment 4.3. Solid lines show fitted least squares regression lines for response 
allocation, broken lines show those for time allocation. Diagonal dotted line denotes the strict 
matching. Equations of the regression analyses are also given w ith the variances of accounted for 
in parentheses. Group Rft-Tone received reinforcement-only sessions during the Acquisition stage, 
and both reinforcement and tone sessions during the Reversal stage. Group Tone-Rft received these 
two stages in the reversed order.
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Discussion

The suppressive effect of tone was not clearly observed through the group 

comparison. However, two aspects of the results are consistent with the assumption 

of a suppressive effect of a 0.5-s tone under a rich reinforcement schedule. During 

the Acquisition stage, the level of responding was consistently lower for Group 

Tone-Rft than that for Group Rft-Tone, which was not observed in the previous
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experiments. Although this may have been caused by the one rat, that showed 

extremely high response rates, the suppression ratio data also demonstrated the 

consistent difference between the two groups. Along with these findings, the 

change of response rate caused by the reversal of the procedure also lends some 

support to the assumption of a suppressive effect of a tone. The withdrawal of the 

tone schedule produced the larger increment of response rates than that the addition 

of the tone schedule. If there was no effect of tone, then this alteration of response 

rates could not have been observed. These results combined suggest that a 0.5-s 

tone may have a suppressive effect on responses under a rich reinforcement 

schedule.

These implications for the suppressive effect of a 0.5-s tone may be supported 

by a finding that the sensitivity to reinforcement allocation clearly shifted when the 

contingencies reversed. Group Rft-Tone showed a preference shift towards 

overmatching, and Group Tone-Rft showed it just the opposite direction for both 

behavioural measures. These findings are consistent w ith the reports concerning 

the two effects of punishment on responding, that is, a response suppression, and 

a preference shift.

The current experiment showed that a tone could be suppressive even under 

a richer reinforcement schedule as long as a brief tone is employed. Meanwhile, this 

study suggested that at least two assumptions raised in the previous experiments 

are untrue. First, the assumption that the tone effect cannot be detected during the 

Acquisition stage but only through the procedural reversal, may be questioned as 

there was a consistent difference in response rate and suppression ratio between the
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groups during the Acquisition stage. Second, it is unlikely that the physical 

property of the tone (100 Hz, 105 dB[A]) played a significant role in the failure to 

show a suppressive effect of tone in the previous experiments.

Experiment 4.4 Between-subjects comparisons of response acquisition with and 

without tone-punishment: Lean reinforcement schedule and brief tone

The use of a between-subjects comparison may be still critical in the failure 

to show a suppressive effect of tone. As the combination of a brief tone and a lean 

reinforcement schedule produced the greatest suppression in the previous chapters, 

a between-subjects comparison should be done with this combination. This 

experiment used a lean reinforcement schedule and a brief tone (0.5 s), and explored 

if the 0.5-s tone has a suppressive effect on the responding of a group receiving the 

tone schedule from the early stage of the response acquisition, compared to that of 

the other group receiving the reinforcement schedule only.

Method

Subjects and apparatus. Twenty-four experimentally naïve, male Lister 

Hooded rats served in this study. The subjects were about four months old at the 

start of training, had a free-feeding body weight range of 318-394 g and were 

m aintained at 85% of this weight (270-335 g) throughout the experiment. Other
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details regarding subjects and apparatus were as described in Experiment 4.1.

Procedure, data collection, and analysis. Two magazine training sessions, 

and four stages of lever training sessions were given, as described in Experiment

4.2, followed by the Acquisition and Reversal stages.

These two latter experimental treatments were as described in Experiment

4.2 except for the session numbers given during the two stages, and the tone 

duration. Sixteen sessions during the Acquisition stage, and eight sessions during 

the Reversal stage were given. The duration of tone for the tone sessions was 0.5 s. 

The reinforcement schedule for each subgroup was either; cone VT 150-s VI 450-s; 

cone VI 180-s VI 180-s; and cone VI 450-s VI 150-s. Other aspects of the procedure, 

data collection, and analysis were the same as the previous experiments.

Result

A cquisition stage

The group mean response rates for each block of four sessions for each 

subgroup are shown in Table 4.7 and Figure 4.16. Table 4.7 also includes mean time 

allocation, mean reinforcement rates, mean tone rates, and SE for each variable for 

each alternative. Figure 4.17 depicts the group mean suppression ratios for each 

block of four sessions for each subgroup.

Three critical aspects of data were revealed through inspection of these 

figures. First, averaged response rate for each subgroup generally showed increases 

across the four blocks (although, at the third and fourth blocks, the response rate
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Table 4.7
Mean ( and S Em ) of Response Rate, Time Allocation ( s ), Reinforcement Rate

and Tone Rate per minute

Schedule Response Rate Time Allocation 
Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Rig!

Group Rft-Tone Acquisition Block
cone VI150-S VI450-S 16.6 6.6 45.17 14.56 0.29 0.06 --------- — —

( 2.34) 0.97) ( 1.32) 1.32) ( 0.004 ) ( 0.002 )
cone VI180-S VI180-S 12.8 13.3 36.95 22.68 0.28 0.26 ---------

( 1.49) 4.01 ) ( 4.76) 4.84) ( 0.010 ) ( 0.045 )
cone VI450-S VIlSO-s 8.1 15.8 30.90 28.84 0.09 0.33 --------- ---------

( 1.52) 6.59) ( 5.38) 5.48) ( 0.004 ) ( 0.072 )
Group Rf Tone Acquisition Block

cone VI150-S VI450-S 20.5 6.1 46.94 12.79 0.36 0.10 ---------

( 3.09) 0.56) ( 0.85) 0.83) ( 0.002 ) ( 0.005 )
cone VI180-S VI180-S 14.6 14.1 36.67 23.02 0.26 0.29 --------- ---------

( 0.87) 2.63 ) ( 1.22) 1.33 ) ( 0.005 ) ( 0.006 )
cone VI450-S VIlSO-s 7.3 19.2 21.22 38.53 0.11 0.40 --------- ---------

( 1.09) 4.57) ( 2.09) 2.06) ( 0.004 ) ( 0.006 )
Group Rf Tone Acquisition Block

cone VI150-S VI450-S 22.3 6.8 46.26 13.67 0.39 0.10 --------- ---------

( 2.77) 0.61 ) ( 1.46) 1.43 ) ( 0.004 ) ( 0.004 )
cone VI180-S VI180-S 22.5 18.8 34.99 24.95 0.41 0.36 --------- ---------

( 2.85) 3.73) ( 1.38) 1.38) ( 0.000 ) ( 0.009 )
cone VI450-S VIlSO-s 11.7 18.6 28.12 31.74 0.17 0.24 --------- ---------

( 1.40 ) 4.17) ( 1.88) 1.91 ) ( 0.004 ) ( 0.006 )
Group Rf Tone Acquisition Block

cone VI150-S VI450-S 24.5 7.6 45.85 13.86 0.47 0.12 --------- ---------

( 3.67) 0.43 ) ( 0.98 ) 0.95 ) ( 0.005 ) ( 0.002 )
cone VI180-S VI180-S 21.6 18.8 33.95 25.87 0.27 0.28 --------- ---------

( 2.78) 3.92) ( 2.09) 2.13 ) ( 0.005 ) ( 0.017)
cone VI450-S VIlSO-s 10.5 23.2 25.20 34.66 0.13 0.37 --------- ---------

( 1.43) 6.20) ( 3.99) 4.04) ( 0.004 ) ( 0.009 )
Group Rf Tone Reversal Block

cone VI150-S VI450-S 22.3 7.0 46.22 13.41 0.38 0.13 0.84 0.51
( 3.31 ) 0.64) ( 1.76) 1.74) ( 0.004 ) ( 0.005 ) ( 0.020 ) ( 0.027 )

cone VI180-S VI180-S 21.8 15.5 37.52 22.02 0.33 0.28 0.89 0.74
( 2.44) 3.39) ( 1.32) 1.51 ) ( 0.004 ) ( 0.020 ) ( 0.010 ) ( 0.055 )

cone VI450-S VIlSO-s 9.3 23.9 21.01 38.93 0.13 0.44 0.56 0.77
( 1.76) 4.26) ( 3.80 ) 3.79) ( 0.009 ) ( 0.007 ) ( 0.041 ) ( 0.015 )

Group Rf Tone Reversal Block
cone VI150-S VI450-S 22.1 7.8 46.58 13.10 0.33 0.11 0.74 0.56

( 4.70) 1.16) ( 1.66 ) 1.64) ( 0.002 ) ( 0.007 ) ( 0.003 ) ( 0.046 )
cone VI180-S VI180-S 23.9 18.3 36.71 23.04 0.39 0.40 0.91 0.80

( 2.10) 2.91 ) ( 2.07) 2.12) ( 0.002 ) ( 0.009 ) ( 0.006 ) ( 0.024 )
cone VI450-S VIlSO-s 9.2 23.6 20.28 39.61 0.12 0.27 0.70 0.92

( 1.57) 3.59 ) ( 4.42) 4.39 ) ( 0.006 ) ( 0.005 ) ( 0.038 ) ( 0.036 )
Table 4.7 (cont'd)
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Mean ( and SEm ) of Response Rate, Time Allocation ( s ), Reinforcement Rate
and Tone Rate per minute

Schedule Response Rate Time Allocation Reinforcement Rate Tone Rate
(Subgroup) Left Right Left Right Left Right Left Right

Group Tone-Rft Acquisition Block
cone VI150-S VI450-S 11.9 4.1 4S.61 13.33 0.31 O.OS 0.70 0.3S

2.S1 ) 1.S3 ( 2.3S ) ( 2.10 ( 0.034 ) ( 0.009 ) 0.09S ) ( 0.117)
cone VI180-S VI180-S 11.7 S.7 43.04 16.S3 0.3S 0.14 0.74 0.46

1.86) 1.8S ( 4.S1 ) ( 4.4S ( 0.023 ) ( 0.043 ) 0.049 ) ( 0.146 )
cone VI450-S VIlSO-s S.9 S.2 37.28 22.32 O.IS 0.23 0.S4 0.39

1.46) 2.67 ( 9.13 ) (  9.1S ( 0.012 ) ( 0.096 ) 0.09S ) ( 0.176 )
Group Rft-Tone Acquisition Block

cone VI150-S VI450-S 17.4 6.1 46.34 13.26 0.37 0.13 1.00 0.46
2.38) 1.64 ( 2.S1 ) ( 2.47 ( 0.003 ) ( 0.004 ) 0.028 ) ( 0.077)

cone VI180-S VI180-S 14.6 9.4 40.60 18.79 0.34 0.22 0.83 0.S2
1.83) 3.2S ( 7.16 ) ( 7.07 ( 0.010 ) ( 0.070 ) 0.041 ) ( 0.174 )

cone VI450-S VIlSO-s S.8 7.S 26.41 32.49 O.IS 0.30 0.S6 0.64
0.6S ) 0.77 ( 2.4S ) ( 2.48 ( 0.006 ) ( 0.016 ) 0.034 ) ( 0.033 )

Group Rft-Tone Acquisition Block
cone VI150-S VI450-S 22.8 6.2 48.12 11.62 0.44 0.07 0.94 O.SS

2.72) 1.46 ( 1.83 ) ( 1.8S ( 0.002 ) ( 0.002 ) 0.011 ) ( 0.082)
cone VI180-S VI180-S 16.3 10.6 39.97 19.86 0.33 0.20 0.66 0.49

2.82) 3.71 ( 6.92 ) ( 6.89 ( 0.008 ) ( 0.0S3 ) 0.017 ) ( 0.142)
cone VI450-S VIlSO-s 6.0 11.2 19.16 40.62 0.09 0.36 O.Sl 0.74

0.88) 1.36 ( 2.72 ) (  2.68 ( 0.007 ) ( 0.008 ) 0.037 ) ( 0.043)
Group Tone-Rft Acquisition Block

cone VIlSO-s VI4S0-S 22.1 S.3 4S.S4 11.29 0.38 0.07 0.99 0.4S
2.7S) 1.41 ( 2.00 ) ( 2.SS ( 0.003 ) ( O.OOS ) 0.010 ) ( 0.076)

cone VI180-S VI180-S 19.6 11.3 30.19 24.97 0.28 0.24 0.83 0.63
1.98) 1.69 ( 1.61 ) (  S.24 ( 0.003 ) ( 0.007 ) 0.0S2 ) ( 0.062)

cone VI4S0-S VIlSO-s 8.4 13.8 16.87 40.24 O.IS 0.3S 0.S7 0.70
0.94) 2.63 ( 1.32 ) ( 3.18 ( O.OIS ) ( 0.021 ) 0.047 ) ( 0.036)

Group Tone-Rft Reversal Block
cone VIlSO-s VI4S0-S 23.0 8.3 4S.72 14.0S 0.36 0.13 --- -- -

2.03) 2.S7 ( 3.06 ) ( 3.04 ( O.OOS ) ( 0.017 )
cone VI180-S VI180-S 17.8 14.S 3S.79 24.16 0.34 0.34 --- ---

2.88) 1.73 ( 3.80 ) (  3.79 ( 0.008 ) ( 0.010 )
cone VI4S0-S VIlSO-s 8.3 13.9 22.14 37.23 O.IS 0.26 --- ---

1.07) 3.22 ( 3.SS ) ( 3.34 ( 0.003 ) ( 0.009 )
Group Tone-Rft Reversal Block

cone VIlSO-s VI4S0-S 24.6 14.7 40.9S 18.98 0.39 0.17 --- ---
2.62) S.Ol ( 3.29 ) (  3.30 ( 0.004 ) ( 0.002 )

cone VI180-S VI180-S 21.1 18.7 34.16 2S.67 0.36 0.3S --- ---
4.82) 2.42 ( 3.39 ) (  3.37 ( 0.003 ) ( 0.006 )

cone VI4S0-S VIlSO-s 9.1 13.3 24.2S 3S.43 0.14 0.29 --- ---
1.62) 2.09 ( 3.34 ) (  3.24 ( 0.009 ) ( 0.004 )
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Figure 4.16. Group-mean response rate for each subgroup (top-left, top-right, and bottom-left), and 
each group (bottom-right) as a function of blocks of four sessions during Acquisition and Reversal 
stages of Experiment 4.4. Error bar shows Standard Error or Mean. Group Rft-Tone received 
reinforcement-only sessions during the Acquisition stage, and both reinforcement and tone sessions 
during the Reversal stage. Group Tone-Rft received these two stages in the reversed order.

data did not show clear increases). Secondly, the response rate for Group Rft-Tone 

was consistently higher than that for Group Tone-Rft during the blocks not only for 

overall mean data but also for each of three pairs of subgroup data. Calculations of 

ratios, in terms of the response rate for Group Tone-Rft divided by the sum  of the 

response rates for two groups, showed .378, .426, .421, and .412, for each block, 

respectively. A three-way ANOVA showed that main effects of Group (F(l,18) = 

11.53, p < .01), and Block (f(3,54) = 25.95, p < .001) were significant, but that the
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Figure 4.17. Group-mean suppression ratio for each subgroup (top-left, top-right, and bottom-left), 
and each group (bottom-right) as a function of blocks of four sessions during Acquisition and 
Reversal stages of Experiment 4.4. Suppression ratio was calculated as the response rate in each 
session divided by the total response rates in each session and during the last two sessions of the pre- 
training stage. 0.5 means no suppression, below 0.5 suppression, and above 0.5 facilitation. Error bar 
shows Standard Error or Mean. Group Rft-Tone received reinforcement-only sessions during the 
Acquisition stage, and both reinforcement and tone sessions during the Reversal stage. Group Tone-Rft 
received these two stages in the reversed order.

other main effect and interactions were not (ps > .15).

This consistent difference in response rate between the groups was also 

found for the suppression ratio data. For the subgroups under a conc VI 150-s VI 

450-s, there was a reversed of suppression ratio at the third block, however, apart 

from that, two lines denoting each set of suppression ratios are clearly separated in 

every case. A three-way ANOVA revealed the same results as that on the response 

rate data, that is, significant main effects of Group (F(l,18) = 5.07, p < .05), Block
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(F(3,54) = 17.55, p < .01), and no other significant main effect or interactions were 

significant (ps > .10).

Reversal stage

The reversal of the experimental procedure caused a shift in response rate in 

two groups. The response rate for Group Tone-Rft increased after the procedural 

reversal, on the contrary, the response rate for Group Rft-Tone decreased. A three- 

way ANOVA revealed that only a main effect of Block was significant (F(l,18) = 

11.83, p < .01), but that neither the other main effects nor the other interactions 

proved to be statistically significant (ps > .05).

The response enhancement for Group Tone-Rft and suppression were also 

found for the suppression ratio data. A three-way ANOVA showed only a main 

significant effect of Block (f(l,18) = 11.06, p < .01) and no other significant main 

effects nor interactions (ps > .05).

Figure 4.18 depicts the response rates in the last block during the Acquisition 

and Reversal stages for each group. It is clearly observed that Group Tone-Rft 

showed response enhancement, whereas Group Rft-Tone showed no changes over 

the two stages. A three-way ANOVA on these data showed that a main effect of 

Block was significant (F(l,18) = 12.06, p < .01), and that interactions of Group x Block 

(F(l,18) = 14.54, p < .01), and Schedule x Block (F(2,18) = 3.86, p < .05) were also 

significant. Neither the other main effects nor interactions proved to be statistically 

significant (ps > .05).
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□ ACQUISITION 
REVERSAL

Rft-Tone Tone-Rft

EXPERIMENTAL GROUP

Figure 4.18. Overall response rates over the last 4 sessions of each stage, for each group of 
Experiment 4.4. Error bars display the standard errors of mean. Group Rft-Tone received 
reinforcement-only sessions during the Acquisition stage, and both reinforcement and tone sessions 
during the Reversal stage. Group Tone-Rft received these two stages in the reversed order.

Sensitiv ity  to Reinforcement A llocation

Table 4.8 shows the results of the least square linear regression analyses 

according to the generalised matching law, and Figure 4.19 displays those 

regression lines for each block of four sessions, for each group and each behavioural 

measure, for both response allocation and time allocation. The changes of the slope 

values of each regression line through the block of four sessions, for each group and 

each behavioural measure, are depicted in Figure 4.20.
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Table 4.8
Results of least square linear regression analyses according to the generalized matching law for 

each block for each Group for each response measure in Experiment 4.4. SE denotes the standard 
error of estimation. %VAC is the percentage of data variance accounted for by the fitted line.

Response measure Time measure
and Inter % Inter %

Block Slope (SE) cept VAC Slope ( S B ) cept VAC
Group Rft-Tone

Acquisition/ Block 1 .561 ( .060) .012 98.5 .376 ( .040) .231 98.5
/  Block 2 .862 ( .007) .060 100.0 .745 ( .063) .185 98.8
/  Block 3 .952 ( .064) -.024 98.4 .782 ( .030) .081 99.5
/  Block 4 .803 ( .039) .043 99.6 .626 ( .015) .140 99.9

Reversal/ Block 1 .933 ( .007) .080 100.0 .826 ( .010) .167 100.0
/  Block 2 .987 ( .133) .016 95.3 .967 ( .115) .118 96.3

Group Tone-Rft
Acquisition/ Block 1 .443 ( .011) .138 99.9 .339 ( .009) .284 99.8

/  Block 2 .737 ( .058) .100 98.0 .843 ( .007) .171 100.0
/  Block 3 .603 ( .031) .079 99.7 .693 ( .054) .105 99.4
/  Block 4 .842 ( .014) .033 100.0 .885 ( .085) .030 98.4

Reversal/ Block 1 .933 ( .066) .042 98.0 1.018 ( .116) .086 95.1
/  Block 2 .585 ( .022) .028 99.4 .749 ( .037) .086 98.9

It was found that all regression lines were fitted to each set of data very well, 

and VACs were no smaller than 95.0%. Apart from some blocks, most lines showed 

slope values smaller than 1.0, which denotes that undermatching was the 

predominant result. Inspections of the slope values between groups revealed that 

the sensitivity to reinforcement allocation for Group Rft-Tone was generally higher 

than that for Group Tone-Rft for response allocation, but there was no difference 

between them for time allocation during the Acquisition stage. The most distinctive 

aspect of the data was found in the Reversal stage, that is, a clear interaction of 

Group and Block. After showing increases of the sensitivities in all four lines at the 

reversal of procedure, the sensitivities for both measure for Group Rft-Tone 

increased, on the contrary, the sensitivities for Group Tone-Rft drastically 

decreased. Comparisons of the sensitivities at the last block revealed that a
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Figure 4.19. Log response ratios (opened circle), and log time allocation ratios (filled circle) as a 
function of log obtained reinforcer ratios for each block of four sessions in each stage, and for each 
group of Experiment 4.4. Solid lines show fitted least squares regression lines for response 
allocation, broken lines show those for time allocation. Diagonal dotted line denotes the strict 
matching. Equations of the regression analyses are also given with the variances of accounted for 
in parentheses. Group Rft-Tone received reinforcement-only sessions during the Acquisition stage, 
and both reinforcement and tone sessions during the Reversal stage. Group Tone-Rft received these 
two stages in the reversed order.

192



Group Rft-Tone Group Tone-Rft

Acquisition last four sessions

.4 -

.0 -

-.4

o r e s p o n s e  
y = ,803x + .043 (99.6%)

•  t i m e  
y = .626x + .140 (99.9%)

O  r e s p o n s e  
y = .842x + .033 (100.0%)

•  t i m e  
y = 885x + .030 (98.4%) j

O

ce
LU

LU
C/D
Z
O
û_
œ
LUoc
oo

-.4

o r e s p o n s e  
y = 933x + .080 (100.0%)

•  t i m e  
y = .826x + .167 

(100.0%)

Reversai first four sessions

o r e s p o n s e  
y = 933x + .042 (98.0%)

•  t i m e
y = 1.018x + .086 

(95.1%)
/ / .

o r e s p o n s e  
y = .987x + .016(95.3%)

•  t i m e  /
y = .967x + .118(96.3°^ ^

-.4

-.8

Reversai last four sessions

G  r e s p o n s e  
y = .585x + .028 (99.4%)

•  t i m e  
y = .749x + .086 (98.9%)

-.8 -.4 .0 .4 .8 - 8 -.4 .0 .4 .8

LOG OBTAINED REINFORCER RATIO
Figure 4.19 (cont'd). Log response ratios (opened circle), and log time allocation ratios (filled 
circle) as a function of log obtained reinforcer ratios for each block of four sessions in each stage, 
and for each group of Experiment 4.4. Solid lines show fitted least squares regression lines for 
response allocation, broken lines show those for time allocation. Diagonal dotted line denotes the 
strict matching. Equations of the regression analyses are also given with the variances of 
accounted for in parentheses. Group Rft-Tone received reinforcement-only sessions during the 
Acquisition stage, and both reinforcement and tone sessions during the Reversal stage. Group 
Tone-Rft received these two stages in the reversed order.
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Figure 4.20. Sensitivities to reinforcement allocation as slope values of the regression analyses for 
each block of four sessions in each stage, for each group, and for each behavioural measure of 
Experiment 4.4. Opened circle and solid lines display data for Group Rft-Tone, and filled circle and 
broken lines display data for Group Tone-Rft. Error bars display the standard errors of estimation.

preference shift toward overmatching was found for Group Rft-Tone, on the 

contrary, a preference shift toward undermatching was found for Group Tone-Rft 

not only for response allocation but also for time allocation.

Discussion

The results for the present study clearly showed that a 0.5-s tone has a 

suppressive effect on responses under a lean reinforcement schedule even with a 

between-group comparison. The effect did not gradually occur, but was present
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from  the very beginning of training under a tone presentation. In fact, the first 

session of the acquisition stage saw the difference between 21.2 (0.68) and 12.7 (2.63) 

in response rates (and SEs). This sudden suppression is similar to the finding by 

Reed et al (1995), where a conc VI 60-s EXT schedule was employed along with a 

tone presentation schedule just after the pre-training sessions. They found the 

difference in response rate for the extinction lever. The current experiment found 

the difference in total response rates under a lean concurrent reinforcement 

schedule, which followed the small number of pre-training sessions under a 

relatively richer reinforcement schedule.

A lthough not very clear during the Acquisition stage, a comparison of the 

sensitivities to reinforcement allocation during the last block of each stage showed 

a 0.5-s tone had the expected effects on preference shift in each group. The 

superimposition of a tone schedule over a reinforcement-only situation generated 

a preference shift towards overmatching, whereas the removal of the schedule 

produced a preference shift of just the opposite direction.

This experiment confirmed that the combination of a 0.5-s tone and a lean 

reinforcement schedule produces a situation where response suppression is clearly 

observed. Meanwhile, this study also confirmed that even a group comparison can 

detect the suppressive effect of tone under the combination of these two factors, and 

that the assumption of the difference in the physical property of tone explaining the 

failures to detect the suppressive effect of tone in the previous experiments can be 

ruled out.
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General Discussion

The results from the four experiments reported in this chapter can be 

sum m arised as follows. If a tone has a suppressive effect on responding, three 

effects concerning response rate and / or suppression ratio are expected; a difference 

in response rate a n d / or suppression ratio between two groups during the 

Acquisition stage; response suppression at the superimposition of a tone schedule 

for Group Rft-Tone; and response enhancement at the withdrawal of a tone 

schedule for Group Tone-Rft. Table 4.9 summarises the consistencies of the results 

with these three expectations for each experiment.

Three aspects of data should be discussed. First of all, the suppression effect 

of a tone on responding varied according to the experimental conditions arranged 

in each experiment. The suppressive effect was clearly observed with a 0.5-s tone, 

under a lean reinforcement schedule. Experiment 4.4 satisfied the three 

expectations clearly. On the contrary, no expectations was realised in Experiment 

4.1, which employed a 1.5-s tone and a rich reinforcement schedule. The other two 

experiments, which employed one of the two conditions that enhances the

Table 4.9
Summary of the results concerning the suppressive effect of a tone 

from four experiments in this study.

Experimental conditions Expected Expected Expected
Experiment Tone Reinforcement Response Suppression Enhancement

duration schedule Difference (Group R-T) (Group T-R)
4.1 1.5 s rich no no no
4.2 1.5 s lean no yes not clear
4.3 0.5 s rich slight no yes
4.4 0.5 s lean yes yes yes
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suppressive effect, satisfied some of these three expectancies. These results are 

clearly related to the results from the previous experiments reported here. A brief 

tone, and a lean reinforcement schedule enhance the suppressive effect on 

responding. Not only do these results corroborate the findings from the previous 

chapters, but they also corroborate some previous studies (Reed et al., 1995; 1996). 

These results strongly suggest that the suppressive effect of a tone has good 

generality when a brief tone and a lean reinforcement schedule are employed.

Second, it should be noted that two out of the four experiments in this series 

failed to show the suppressive effect of a tone, nevertheless experiments in the 

previous chapters demonstrated a suppressive effect, even with a 1.5-s tone and a 

rich reinforcement schedule. Two reasons for the present failures can be 

considered. First, the method of comparison may be critical in underlying this 

failure. As shown in Table 4.9, it is more difficult to detect the suppressive effect 

through a between-subjects comparison of response rate or suppression ratio during 

the Acquisition stage, than by a within-subjects comparison of those measures 

across the two stages. The previous experiments showing the suppressive 

properties of a tone employed a within-subjects design to explore the effect, 

whereas this series of experiment employed both comparisons. Furthermore, some 

rats, that showed an extremely high level of responding, may have made a between- 

subjects comparison difficult. Even one datum, that is located in the end of a 

param eter distribution makes the variance larger, and may mask other effects 

because of this large variance. This is true especially when the num ber of subject 

is not large.
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A second reason for these failures to find the suppressive effect may be the 

relatively small number of acquisition stage sessions, especially in Experiment 4.1 

and 4.2. As discussed in Experiment 4.1, because of the small num ber of the 

acquisition sessions, the responding level may have not arrived at its asymptote 

level. This may have masked the suppressive effect of a tone. Both of these reasons 

may be considered as contributing to these failures.

However, it should be noted that neither of these reasons can explain all 

present results by itself. For example, the former does not explain the failure in 

detecting the expected effects of suppression in Group Rft-Tone, and facilitation in 

Group Tone-Rft, at the reversal point of experimental condition. The latter does not 

cover any failure in finding the expected difference in response rate or suppression 

ratio during the Acquisition stage between the groups.

Finally, it should be also noted that suppression ratio data showed a change 

in responding more clearly in some cases than response rate data did. In 

Experiment 4.3, the response rate data were biased by one rat, as mentioned above, 

however, the suppression ratio data were not. When a large organism variability 

is expected, a behavioural measure of a relative value should be better to estimate 

the level of responding (see Chapter 5).

Table 4.10 summarised findings concerning the consistencies of the results 

of regression analyses with expectations. Since the addition of a punishment 

schedule to a reinforcement-only choice situation usually produces a preference 

shift towards overmatching (de Villiers, 1980; Farley, 1980; Yoshino, 1986), four 

aspects of the results may be expected in this series of experiments. First, during
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Table 4.10
Summary of the results concerning the effect of a tone on preference 

from four experiments in this study.

Experimental conditions Expected Expected Preference Shift
Exper Tone Reinforcement Sensitivity Difference Group R-T Group T-R
iment duration schedule resp time response time response time

4.1 1.5 s rich opposite no no yes yes no
4.2 1.5 s lean yes yes yes no yes no
4.3 0.5 s rich no no yes yes yes yes
4.4 1.5 s lean no no yes yes yes yes

the Acquisition stage, the sensitivity to reinforcement allocation, or the slope value, 

for Group Tone-Rft is expected to be higher than that for Group Rft-Tone. Second, 

on the contrary, during the Reversal stage, these measures for Group Rft-Tone may 

be expected to be higher than those for Group Tone-Rft. Third, a preference shift 

tow ards overmatching is expected for Group Rft-Tone when a tone schedule is 

superimposed. Finally, a preference shift towards undermatching is expected for 

Group Tone-Rft in case of a removal of a tone schedule. Since some interactions 

w ith the Acquisition stage may be also expected during the Reversal stage, the 

second expectation is not employed here. Three expectations and their consistency 

with the results from each experiment are summarised in Table 4.10. These results 

can be categorised into two dimensions like those of the suppressive effect of a tone; 

a between-subjects comparison, and a within-subjects comparison. The former 

refers to the difference in sensitivities between the two groups during the 

Acquisition stage, and the latter refers to the preference shift caused by a procedural 

reversal.

It should be noted that this categorisation can be applied to the consistencies 

between the expectation and the result. The difference in sensitivities between the
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two groups could be independent of the suppressive effect of a tone because of the 

initial difference in the sensitivities for each group. On the contrary, the preference 

shift caused by a procedural reversal is directly correlated to the suppressive effect 

of a tone for each group. For the sensitivities, only Experiment 4.2, which did not 

show a clear suppressive effect between the groups, satisfied the expectation. 

Experiments 4.3 and 4.4, which showed the suppressive effect in part, or in full, did 

not satisfy the expectations of the difference in the sensitivities between the groups. 

Regarding the preference shifts, both groups in Experiments 4.3 and 4.4, which 

showed the suppressive effect of a brief tone, satisfied the expectation for both 

behavioural measures, whereas the groups in Experiment 4.1 and 4.2, which failed 

to show the suppressive effect clearly under a long tone, satisfied the expectation 

for either behavioural measures.

Considerations of the consistency of the results with the expectations suggest 

that a within-subjects design, or a single-subject design, should be employed to 

explore the effect of punishment on choice preference. The reason for the failures 

to satisfy the expectations concerning the difference in the sensitivities between 

groups, may be that the initial level of sensitivity may be different between groups. 

Even though the expectations of the preference shifts were satisfied in Experiments

4.3, and 4.4, a between-subjects comparison generated no clear difference. As 

sum m arised in Baum (1974), the sensitivity to reinforcement allocation, or a 

response bias, may vary for each subject. This may suggest that comparison of these 

measures is not reasonable across groups when exarniriing the effect of a potentially 

important factor. This is the case not because of the effect of the factor, but because
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of the initial difference in these measures.

In summary, this study demonstrated the effect of a tone on responding with 

a brief tone under a lean reinforcement schedule. The finding of the suppressive 

effect during an acquisition stage, and also through a between-subjects comparison, 

m ay well give evidence supporting the generality of its effect. Meanwhile, it is 

suggested that a within-subjects design, or a single-subject design should have an 

advantage in exploring choice behaviour in terms of the generalised matching law.
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CHAPTER 5

Behavioural variability and research methods 

: Benefits from a single subject design

Previous chapters have revealed that a loud auditory stimulus has a 

suppressive effect on responding, especially when a lean reinforcement schedule 

and a brief tone are employed. The experiments in Chapter 2 and 3 revealed these 

effects using a within-subjects procedure, while those in Chapter 4 used a between- 

subjects procedure. The former seemed to generate more powerful effects, and 

more readily detected a suppressive effect of the tone than did the latter series of 

studies.

Although the suppressive effect of an auditory cue has been established, the 

other two purposes of this thesis, an investigation of the efficacy of two models of 

punishment; and a comparison of two behavioural measures, have not yet been
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established. When a tone-punishment schedule was superimposed over a 

concurrent reinforcement schedule, a preference shift towards the richer alternative 

was usually observed. Comparisons of two behavioural measures revealed that 

sensitivity to reinforcement allocation for time allocation was higher than that for 

response allocation in most cases. Most studies in the previous chapters found these 

two effects, however, inconsistencies of the suppressive effect on responding with 

the effect on the preference shift towards overmatching were also found in some 

studies reported in Chapter 4. As discussed in Chapter 4, this inconsistency, when 

a between-subjects comparison was employed, may be caused by the differences of 

the initial levels of the sensitivity between the groups, and also caused by the 

experimental procedure employed by those experiments, where each subject 

received only one set of reinforcement and tone-punishment condition.

Given the above, the experiments in the following two chapters (Chapters 6 

& 7) will mainly employ a single-subject design to facilitate discussion regarding 

these two issues of the effect of punishment on choice behaviour in an aversive 

setting (along with investigating the other main purpose of this thesis, the effect of 

closed economy on punishment). This is not only due to the reasons cited above, 

but also for at least two other reasons; first, most literature investigating the effect 

of punishm ent on choice behaviour has employed a single subject design, and 

second, a stimulus, which has a suppressive effect in average, may not necessarily 

be a positive punisher when the definition of a positive punisher is considered 

(Catania, 1991). In other words, as shown below, a further scrutiny of response rate 

data from the previous experiments by subject revealed that the tone did not
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necessarily have a suppressive effect for some rats.

The present chapter will discuss some issues concerning research 

methodology, including behavioural variability, and will present some further 

analyses of the data available from the previous experiments, in order to give an 

explanation of why a single subject design should be employed to explore the 

effects of punishment in choice situations.

1. Behavioural variability

Behavioural variability is one of the most important notions to consider in 

any behavioural research. A researcher provides a set of experimental procedures 

and measures some aspect of the target response concerning the effects of an 

independent variable. If there were no variability in the target response over the 

course of the manipulation, then there would be, of course, no differences in the 

behavioural measures obtained. This means that no factor would have any 

measurable effects on the response and, therefore, a researcher could find no effect 

of the independent variable.

Johnston and Pennypacker (1995) classified six sources of behavioural 

variability; an organism, an experimental setting, a measurement, an experimental 

design, data transformation, and independent variables. These six sources can be 

further summarised into three. First, the independent variables are the only sources 

of variability whose impact is intentional and whose impact is the focus of the
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researchers' interpretation. These variables are the main concern of a researcher, 

and should be detected after exerting some appropriate control over other the 

sources of variability. Second, the experimental setting, the measurement, the 

experimental design, and data transformations could be classified as extraneous 

variables that can be controlled by adopting some proper methods. Either 

elimination, counterbalancing, keeping constant, or randomisation procedures 

should be obsessed to control these extraneous variables properly (Myers & Hansen, 

1997). Finally, variability amongst individual organisms may be also categorised 

as an extraneous variable. However, this variability is usually observed no matter 

how much a researcher controls an experimental setting. This variability sometimes 

makes it difficult to detect an effect of an independent variable, especially when the 

am ount of organism variability is relatively large compared to that of the 

independent variable.

Trend and bounce may be two typical examples of the organisms variability 

(Perone, 1991). Trend refers to systematic increases or decreases of dependent 

variables. Suppose an increase in response rate was observed when an 

experimental condition was altered while response rate was still increasing during 

the first condition. In this case, the critical factor of the increase observed during the 

second condition may not be attributed unambiguously to the manipulation because 

the increase may have been successively caused by the trend of increase during the 

first condition.

Mean response rate data for Group RICH in Experiment 3.2 may be an 

example of this. Figure 5.1 depicts mean response rate for each of four subgroups
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Figure 5.1. Mean response rate for each sessions for each sub-group of Group RICH in Experiment 
3.2. Data for the last eight sessions during the Baseline, and all the data for eight sessions during the 
Tone and Recovery stages are shown.

of Group RICH session by session. This figure clearly shows that response rate was 

developing during the Baseline sessions. This increase in response rate was 

observed also during the Tone sessions, and the responding seems to close to an 

asymptotic level during the Recovery sessions. Because of these increases in 

response rate during the first two stages, it is not clear whether response rate during 

the Tone sessions were suppressed compared to those during reinforcement-only 

sessions, that is, the Baseline sessions and the Recovery sessions. If the trend of 

increase was ignored, and a comparison in mean response rates between the 

Baseline and Tone sessions was done, it might be concluded that a tone has a 

facilitative effect. On the contrary, if a comparison between the Tone and Recovery
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sessions was conducted, the conclusion might be just the opposite, that is, the tone 

has a suppressive effect on responding. Considering the trend of increase, it should 

be appropriate to reserve any conclusion with those data available.

On the other hand, bounce refers to apparently unsystematic variance or 

noise. When data changes without any trend of increase or decrease, session by 

session, these data also may not be considered to reflect appropriately the effect of 

the experimental condition employed. Therefore, the bounce makes it difficult to 

detect the effect of a shift of experimental condition on the data.

To eliminate trend, Perone (1991) suggested three methods, a visual 

inspection of the general data, ensuring the absence of monotonie upw ard or 

downward changes, and fitting a line to the data from the terminal sessions, with 

the goal being a slope of about zero. Meanwhile, three treatments of bounce were 

suggested; a stability criterion in quantitative terms indicating an acceptable range 

of variation over the terminal sessions, a non-quantitative criterion specifying the 

duration of experimental conditions on the assumption that performances over the 

last few sessions will represent a steady stage, and another relying on visual 

inspection of graphed data.

Whatever behavioural variability is predicted or observed, some appropriate 

method should be adopted so that this variability may be minimized, and the effect 

of the target factor may be explored unambiguously.
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2. Experimental designs and minimizing organism variability

2.1 Two general types of experimental designs

Methods in behavioural studies can be categorised into two general types, 

a between-subjects subject comparison, and a within-subjects comparison (Myers 

& Hansen, 1997). The former refers to a design in which "different subjects take part 

in each condition of the experiment", and the latter refers to a design in which "each 

subject takes part in more than one condition of the experiment" (Myers & Hansen, 

1997, p. 536, 547). A single subject design can be categorised as a within-subjects 

design, in that each subject in a single subject design also usually receives more than 

one experimental condition, but there are also some critical differences between a 

within-subjects design and a single subject design. These differences will be 

discussed in the later section (3.2).

Depending on the independent variables, or procedures, some research 

adopts only one of these two methods, and some can adopt either or both. When 

an independent variable is an organism variable, such as gender, nationality, etc., 

the experiment necessarily takes on a between-subjects design. For example, when 

the role of the opponent's sex on the execution of sex-typical patterns of defensive 

dodging during food protection by rats is examined, a between-subjects design is 

the only method to be taken (Field, Whishaw, Pellis, & Sergio, 1997). Although such 

an organism  variable is not the target factor, it is not possible for each subject to 

receive more than one level of treatment. For example, the four experiments
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reported in the present Chapter 4, exploring the effect of a tone early in training, 

may be examples of this case. In this case, once a rat had received one of the two 

conditions, that rat could not serve as a subject for the other condition. These 

experiments must employ a between-subjects design in order to satisfy each 

experimental purpose.

Some other experiments can utilise either of the two designs. When each 

independent variable can be manipulated for each subject, and each subject can 

receive more than one conditions, the experimenter may choose either of the two 

m ethods of comparison. For example. Experiment 3.1 could have employed a 

different design of experiment in order to explore the suppressive effect of a tone 

on responding, and to compare the suppressive effects of three levels of tone 

duration. In Experiment 3.1, each subject received baseline sessions, tone sessions 

with one of three levels of tone duration, and recovery sessions. The suppressive 

effect of each duration tone was estimated by a within-subjects comparison, 

whereas, the difference in the suppressive effect of duration was estimated by a 

between-subjects comparison. Instead, each subject could have received further 

sessions through which all three levels of tone duration could have been 

experienced by each subject.

2.2 Two methods to minimize organism variability

The issue concerning organism variability, may be solved by the adoption of
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either of two methods, at least when response rate is employed as a dependent 

variable. One is to take a within-subjects design, and another is to assume that 

organism variability is equal across experimental groups in terms of the level of 

dependent variables, either by matching subjects a priori or by transforming data a 

posteriori, or both, especially when a between-subjects design is employed. This 

section will discuss these two methods in detail.

2.2.1 A within-subjects design to reduce organism variability

When an experiment can employ either of the above two designs, Myers and 

Hansen (1997) have suggested some criteria to decide which design should be used 

in each experiment. For example, the hypothesis of the experiment may require one 

of the two procedures, such experiments that employ organism variables as 

independent variables, or that explore a time-series effect, as discussed above. 

Some aspects of the experimental treatment, such as; the number of treatment 

conditions studied; the possibility of interference of one condition with another, 

may determine the use of a particular method. They also considered the practical 

advantages of each approach, time to run the experiment, the subject availability, 

and so forth.

Among these suggestions, it should be noted that a within-subjects design 

may have the benefit of minimizing organism variability to a greater extent than a 

between-subjects design. They suggested that "you can control subject variables (i.e. 

organism variability) best in a within-subjects design. If there are likely to be large 

individual differences in the way subjects respond to the experiment, the within-
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T a b l e  5 .1
Mean response rate and SEm for each rat 

for each condition during Stage 1 in Experiment 2.1

Rat
Experimental condition 

Baseline Tone
Difference

(Tone-Base)

1 89.1 83.8 -5.3
2 63.2 61.5 -1.7
3 65.5 60.0 -5.6
4 77.2 69.0 -8.2

mean 73.8 68.6 -5.2
SEm 5.95 5.46 1.32

subjects approach is usually better" (Myers & Hansen, 1997, p. 260). This would 

give one solution of the issue discussed in the previous section, to minimize 

organism variability.

To discuss the benefit of a within-subjects design over a between-subjects 

design, two hypothetical analyses will be shown using response rate data from 

Experiment 2.1, one will treat the data as collected under a within-subjects design, 

and another will assume the data come from a between-subjects design experiment. 

Table 5.1 depicts mean response rates for four rats in Stage 1 of Experiment 2.1 

during Baseline sessions under a conc VI 30-s VI 30-s reinforcement schedule, and 

during Tone sessions under a conc VI 60-s VI 60-s tone presentation schedule 

superimposed over the reinforcement schedule.

Depending the experimental design assumed, a within-subjects or a between- 

subjects, the results of statistical analysis (t test here) would vary. When these data 

are treated from the standpoint of a within-subjects experiment (as they actually 

were), a matched sample t test would have revealed significant difference between 

these two response rates (t(3) = 3.92, p < .05). On the contrary, when these data are 

taken as from a between-subjects experiment, in which not four but eight rats
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served, a t test for independent samples reveals no significant difference between 

the two conditions (f(6) = .64, p > .50). Even though data themselves are exactly the 

same, the difference of the experimental design, therefore, the statistical tests 

applied, caused completely different conclusions to each other.

This critical difference in the result of the statistical test is caused by the null 

hypotheses adopted by each test, and the assumption about the organism 

behavioural variability (Howell, 1992; Myers & Hansen, 1997). When a within- 

subjects design is employed, and a matched t test is applied, the differences in 

response rates between the two situations by subject are averaged, and it is then 

estim ated whether the averaged difference is likely to be zero. In a between- 

subjects design (a t test for independent samples), the difference in response rates 

between each averaged set of data is estimated. This difference in null hypothesis 

generates different assumptions about the treatment of organism variability. Since 

a within-subjects comparison assumes that organism variability is equally involved 

in each pair of data, the organism variability in response rates can be cancelled. 

This makes the variability caused by the independent variable relatively large 

com pared to the total variability by other sources. On the contrary, when a 

between-subjects design is employed, the organism variability for response rate 

occupies a relatively large part of total variability. This may cause the relative 

variability produced by the independent variable to be lower. Myers and Hansen 

(1997) argue that "if we measure the responses of different subjects, we are likely to 

get much more variability than if we measure the same subjects, or matched 

subjects" (p. 371).
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However, the above does not necessarily mean that a within-subjects design 

produces more significant differences than a between-subjects design. Along with 

decreasing the amount of organism variability, the degrees of freedom also become 

smaller with a within-subjects compared to a between-subjects design. At the very 

least, it should be noted that when organism variability is expected to be large, a 

within-subjects design has a clear benefit for two reasons; it decreases organism 

variability and, therefore, the more powerful test with which to detect a difference 

caused by an independent variable.

This difference between the two designs may have affected the results noted 

in the previous experiments, at least in part. Experiments 4.1, 4.2, and 4.3 all failed 

to show any clear effect of a tone when the tone was employed as a between- 

subjects factor (a within-subjects design could not be employed in those experiments 

in order to satisfy the purpose of exploring the effect of a tone during initial 

training). On the contrary, all experiments in Chapter 2 and 3 employing a within- 

subjects design demonstrated a suppressive effect of tone. As discussed in Chapter 

4, another reason (i.e. trend of increase in response rate) for the failures can be 

considered in Experiments 4.1,4.2, and 4.3. However, if the trend is the only reason 

for the failures. Experiment 4.2, which employed a 1.5-s tone and a lean 

reinforcement schedule, should have found the suppressive effect for two reasons. 

First, the reinforcement schedule in Experiment 4.2 was the same as that in 

Experiment 4.4, which found the suppressive effect clearly with a 0.5-s tone. 

Second, a within-subjects comparison has found the suppressive effect of 1.5-s tone 

under a lean reinforcement schedule in Experiment 3.2. These two imply that a
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between-subjects comparison may be good enough to detect the suppressive effect 

of a tone under a leaner schedule. Furthermore, since the number of sessions for the 

Acquisition stage was same for these two experiments, if the increase trend had 

been the only reason for the failure. Experiment 4.4 would also have found no effect 

of a tone because the increasing trend would have masked the effect of a tone. 

Therefore, the between-subjects design may be considered to be a part of the reason 

for the failures to detect a suppressive effect of a tone on responding in Experiments 

4.1, 4.2, and 4.3.

2.2.2 Suppression ratio as a m ethod to reduce organism variability

To transform response rate data into suppression ratio may be another 

method by which to reduce organism variability in behavioural research, especially 

when each group receives more than one experimental intervention, and responding 

(during each stage) is to be compared. A suppression ratio (SR) is obtained by 

equation 22.

■ A «
w here Ra refers to response rate during situation A, and Rb refers to that during 

situation B, which is usually regarded as Baseline data.

Suppression ratio data may be useful when the level of responding is to be 

com pared across groups or subjects, which usually includes some amount of 

organism variability. Table 5.2 displays hypothetical data, including the same data

214



Table 5.2
Hypothetical data from an experiment under a between-subject design.

Group Rft received Reinforcement-only sessions after pre-training. Group Tone received Tone sessions 
along with the reinforc|ment^sch^u^^^^ Experimental

Rat

Pre-training stage 

Group Rft Group Tone

Experimental stage 

Group Rft Group Tone

Suppression Ratio 

Group Rft Group Tone

1 66.8 75.5 89.1 83.8 .571 .526
2 44.3 51.1 63.2 61.5 .588 .546
3 44.6 46.8 65.5 60.0 .595 .562
4 55.6 58.7 77.2 69.0 .581 .541

mean 52.8 58.0 73.8 68.6 .584 .544
S Em 5.36 6.32 5.95 5.46 .0051 .0073

as shown in Table 5.1. Assuming that response rates during the Baseline and Tone 

sessions in Table 5.1 are data from two independent groups, a hypothetical set of 

data has been added as response rates during a Pre-training stage. Through these 

data, suppression ratio data are calculated for each rat in terms of response rate 

during the Experimental stage divided by the total response rates during pre

training and experimental stages. A t test for independent samples conducted on 

these data revealed a significant difference in suppression ratio between the two 

groups (f(6) = 4.51, p < .01), which suggests that a tone has a suppressive effect on 

responding. This result may be caused by the difference in response rate during 

Pre-training stage. However, even though a two-way analysis of variance on 

response rates for stage (Pre-training/ Experimental) and groups (Reinforcement/ 

Tone) revealed a significant main effect of stage (f(l,6) = 670.38, p < .001), and a 

significant interaction of the two factors (F(l,6) = 72.27, p < .001), multiple 

comparisons of response rates in each stage showed no significant difference in both 

Pre-training and Experimental stages {p > .05). These hypothetical analyses suggest 

that only suppression ratio data could detect an effect of tone during the
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Experimental stage in this case.

Not only these hypothetical data, but also the analyses employed in four 

experiments in Chapter 4, give examples of the benefit of utilising suppression 

ratios. For example, in Experiment 4.3, suppression ratio data detected a slight 

difference in response rate between sub-groups more clearly than did response rate 

data. Similarly, the suppression ratio data demonstrated the reversal of response 

rates for two groups, which was observed after the procedural reversal, more clearly 

than did response rate data. These effects are noted because suppression ratio data 

could minimize organisms' variability observed during the pre-training stage, and 

make a comparison between groups easier than did response rate data.

Suppression ratios may also be applicable for single subject data. They have 

been used in such situations as positive punishment (e.g.. Camp, Raymond, & 

Church, 1967), conditioned suppression (Kamin, 1969), and delay of punishment 

(Baron, Kaufman, & Fazzini, 1969). Camp et al. (1967) investigated the effects of 

different intensities of electric shock on lever pressing of rats. They trained lever 

pressing under a VI schedule of reinforcement. After that, rats were divided into 

six groups which each received either of different intensities of electric shock (0.0, 

0.1,0.2,0.3,0.5, and 2.0 ma). They used a suppression ratio in order to compare the 

level of responding during punishment sessions. These ratios clearly showed the 

negative relationship between intensity of electric shock and responding.
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3. Suppressive effect of a loud tone and punishment

The suppressive effect of a loud tone on averaged responding has been 

demonstrated in the previous experiments. However, from the behaviour analytic 

view point, this claim may not be necessarily true because it is not clear whether the 

tone may have affected performances differently for each subject and, therefore, it 

is not clear whether the tone can be used for every subject as a positive punisher. 

Behaviour analysis emphasises a single subject design and a functional definition 

of response or stimulus. In this section, the data from the previous experiments will 

be reanalysed, and it will be demonstrated that a tone does not necessarily have a 

suppressive effect on responding for every subject. This discussion will be followed 

by discussions of the differences between a group design and a single subject 

design.

3.1 Reanalysing the data from the previous experiments

Figure 5.2 and 5.3 depict scatter grams showing each subject's response rates 

for each stage in Experiment 2.1 and 2.2. Since the x-axis is for response rate during 

the Baseline sessions, and the y-axis is for that during the Tone sessions (or the Click 

sessions in Stage2 of Experiment 2.1), data plotted below the diagonal display 

reflect response suppression, and data plotted above the diagonal show response 

facilitation.
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Figure 5.2. A scattergram showing response suppression or facilitation for each rat in each stage of 
Experiment 2.1, which employed a rich reinforcement schedule and a 1.5-s tone. STAGE 1 and STAGES 
included Baseline sessions and Tone sessions, whereas STAGE2 included Baseline sessions and Click 
sessions. Data on the diagonal show neither suppression nor facilitation during Tone sessions or Click 
session. Data below the diagonal show suppression, and those above the diagonal show facilitation. VI30, 
VI60, and VI90 refer to the concurrent schedule of reinforcement, under which each rat responded to obtain a 
food pellet.
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schedule, STAGE2 a rich reinforcement schedule, and STAGES a middle reinforcement schedule. 
Each stage included Baseline sessions and Tone sessions. Data on the diagonal show neither 
suppression nor facilitation during Tone sessions. Data below the diagonal show suppression, and 
those above the diagonal show facilitation. V150, VIlOO, VI150, V1200, VI300, and V1450 refer to the 
concurrent schedule of reinforcement, under which each rat responded to obtain a food pellet.

As Experiment 2.1 showed a suppressive effect of a tone, and a facilita tive 

effect of a click, most data are located below the diagonal in Stagel and Staged (the 

upper and bottom panels of Figure 5.2), and above the diagonal in Stage2 (the 

middle panel of Figure 5.2). This is also observed in Experiment 2.2, which showed 

the frequency of reinforcement schedule affects the extent of response suppression. 

It was found in Stage 1, that the most data are located in the bottom half to the
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diagonal (the left-upper panel of Figure 5.3), compared to those in the other three 

stages of the study.

However, although an overall suppressive effect of tone was observed, these 

figures reveal that all the data are not necessarily plotted below the diagonal. This 

is true both in Experiment 2.1 and 2.2. Similarly, in Stage 2 of Experiment 2.1, 

showing a facilitative effect of click, some data are in the bottom half to the 

diagonal. These imply that a loud tone may not be necessarily a positive punisher 

for all the rats that served here, and that a click may not necessarily have a 

facilitative effect on responding for all individual rats.

Such results are observed not only in the experiments with a less effective 

condition (with a rich reinforcement schedule, a n d / or a longer duration of tone), 

bu t also in other experiments that employed a more effective condition for the 

production of suppression (a leaner reinforcement schedule and a 0.5-s tone). 

Figure 5.4 displays a scatter gram for Experiment 3.1, which showed that the shorter 

the duration of tone employed, the greater suppressive effect is obtained. Figure 5.5 

depicts a scatter gram for Experiment 3.2, which showed the greatest suppressive 

effect of a tone on responding is under a lean reinforcement schedule and a 0.5-s 

tone. Figure 5.4 shows clearly that all the four rats showed response suppression 

in Group 0.5. Meanwhile, one rat showed facilitation for Group 1.0, and a half the 

rats showed suppression for Group 3.0, even though the Group data showed a 

facilitative effect. Similar individual exceptions to group trends can be also found 

in Experiment 3.2, which employed the most effective situation, a lean 

reinforcement schedule and a brief tone. Figure 5.5 which depicts these data and
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shows that at least two rats showed facilitation or no suppression, meanwhile two 

rats showed almost complete suppression.

3.2 Implications and a single subject design

When the effect of tone is discussed in terms of an average effect on 

responding, the results and the conclusions from the previous experiment are quite 

reasonable. However, the fact that some rats did not show clear suppression, even 

in a more effective situation where a lean reinforcement schedule and a brief tone 

were employed, can not be ignored. That is, scrutiny of these data for each subject 

reveals divergent results concerning the suppressive effect of a loud tone.

These results imply three things, which relate to important concepts from 

behaviour analysis, that is, functional analysis, and the definition of reinforcement 

or punishment (i.e. reinforcement contingency), through a single subject design 

(Johnston & Pennypacker, 1995; Moxley, 1992). Firstly, overall group data provide 

the averaged effect of an independent variable. Regardless of the experimental 

design employed, a between-subjects or a within-subjects design, it is the overall 

effect that would be usually estimated. The averaged data describe w hat kind of 

effect the independent variable has on the dependent variable in average, with such 

risks as Type I error or Type II error, which a statistical test involves (Howell, 1992). 

These group design methods strongly rely on a statistical analysis or inference, 

which gives the generality of each finding.
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Secondly, however, this overall effect is not necessarily obtained from all 

subjects. Especially when a researcher takes a behaviour analytic view, this overall 

effect may not be the most useful. Because the fundamental assumption underlying 

the behaviour analytic view does not stress the averaged effect, but takes the effect 

for an individual organism as important (e.g.. Pierce & Epling, 1995). Pierce and 

Epling (1995) claimed that "Behavior analysts are not interested in aggregate or 

group effects. Instead the analysis is focussed on the individual." (p. 50). This view 

is consistent with the definition of a positive punisher, which is given by "a stimulus 

is a positive punisher if its presentation reduces the likelihood of the responses that 

produce it", and the definition of punishment by "the response-produced 

presentation of positive punisher or termination of negative punishers (or, the 

decrement or suppression of responding that results from this operation)" (Catania, 

1991, p. G30).

Considering the definitions of these terms, it is very important to note that 

these terms can be only defined by a functional relation between the environmental 

variables and the organisms' behaviour (Johnston & Pennypacker, 1995). Johnston 

and Pennypacker (1995) claimed that "The goal of experimentation is to learn 

enough about the effect of the independent variable on the dependent variable to 

be able to show that the dependent variable depends on or is a function of the 

independent variable and nothing else" (p. 238). This suggests that no stimulus can 

be found to be a positive reinforcer or a positive punisher without an appropriate 

observation, and that these stimuli can only be defined by their relationship to each 

organism's responses that preceded the stimuli.
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Finally, given the above, it is possible to specify the effect of stimuli on 

responding for each rat regardless of the overall or averaged effect of a stimulus. 

In other words, even when the overall results imply a facilitative effect of tone, the 

tone could be a positive punisher for some rats, on the contrary, when the overall 

results imply a suppressive effect of tone, the tone could be a positive reinforcer for 

some rats. The effect of a stimulus for each subject could be investigated through 

observing behaviour of the subject.

Given the above, a loud tone can be said to be a positive punisher only for 

those rats, which showed suppression during the tone sessions. In other words, 

having confirmed that, for particular subjects, the effect of a loud auditory stimulus 

is suppressive, those subjects and the loud auditory stimulus could be used for 

further experiments that explore the remaining problems in aversive control. Thus, 

some of the further purposes of this thesis can only be explored using those subjects, 

that showed suppression, and an appropriate experimental design. Therefore, a 

single subject design using those subjects from the previous experiments that 

demonstrated suppressive effects should be used in some further experiments 

investigating these problems.
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CHAPTER 6

Effect of tone-punishment on choice behaviour

under an open economy: 

Effects of reinforcement frequency and deprivation level

The previous chapters have been devoted to finding a stimulus to use as an 

alternative positive punisher to an electric shock. These previous experiments have 

show n that a brief tone is one such alternative to an electric shock. It has been 

demonstrated that the brief tone has a suppressive effect on responding. 

A dditionally, it has been shown that a lean reinforcement schedule enhances the 

suppressive effect of a tone. These findings give appropriate warrant for using the 

brief tone as a positive punisher, especially under a lean reinforcement schedule.

Although it has been demonstrated that a leaner reinforcement schedule 

enhances the suppressive effect of a tone, no investigation has explored the effect 

of food deprivation level on the suppressive effect of a tone. Catania (1991, p. G15) 

listed deprivation as one of the establishing operations, which is defined by "any
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operation that changes the effectiveness of a stimulus as a reinforcer or punisher". 

The operation of the food deprivation is either to keep a fixed percentage of free- 

feeding body weight, or to take a fixed period of food deprivation after free feeding 

(Catania, 1991, p. G ll). In some studies, not food but water deprivation is used as 

an establishing operation so that water may be used as a reinforcer (e.g., MacDonald 

& Baron, 1971; Petry & Heyman, 1994; Ploog & Zeigler, 1997).

Deprivation level affects the level of responding maintained by a 

reinforcement schedule (e.g., Clark, 1958). This is also true when responses are 

maintained by a concurrent schedule (McSweeney, 1975). McSweeney (1975) 

maintained pigeons' body weight at five levels, and examined the choice behaviour 

under concurrent (cone) variable interval (VI) VI schedules. It was demonstrated 

that the absolute response rate varied according to the body weight, that is, the 

lower body weight (the higher deprivation level) employed, the higher the response 

rate obtained. However, deprivation level has no effect on the sensitivity to 

reinforcement allocation in a choice situation (McSweeney, 1975; Davison & 

McCarthy, 1988). McSweeney (1975) found no critical difference in the sensitivity 

to reinforcement allocation among the five levels of deprivation in spite of the effect 

of deprivation on the absolute response rate mentioned above.

Some experiments have demonstrated that the lower the deprivation level 

(the higher the percentage of ad lib body weight) employed, the greater the 

suppressive effect of punishment on responding (Azrin, Holz, & Hake, 1963; 

MacDonald & Baron, 1971). Azrin et al. (1963) used an electric shock as a positive 

punisher, and found that the less food deprived the animal, the lower was the
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response rate of pigeons' key pecking under a VT reinforcement schedule. In an 

experiment by MacDonald and Baron (1971), water-deprived rats pressed a lever 

to access water. The rate of response recovery to pre-punishment levels varied as 

a function of the degree to which the animals were water-deprived. That is, the 

more deprived, the faster the response recovery. These reports clearly demonstrate 

that food, or water deprivation determines the level of performance of punished 

responses, along with the reinforcement schedule maintaining responding, the 

physical properties of the punisher (length and intensity), and the delay of 

punishment.

Another factor, whose effect on the suppressive effect of tone-punishment has 

been explored in the previous chapters, is the frequency of reinforcement. It has 

been demonstrated that the richer the reinforcement schedule, the higher the 

response rate under an open economy (Alsop & Elliffe, 1988). AIsop and Elliffe 

(1988) demonstrated that overall response rates decreased with decreases in overall 

reinforcer rate. The same tendency has been observed in the previous experiments: 

that is, the richer reinforcement schedule generates the higher response rate 

(Experiment 2.2,3.2,4.1,4.2,4.3, and 4.4). The reinforcement frequency also affects 

the suppressive effect of punishment on responses. The previous experiments 

clearly showed that the leaner the reinforcement schedule employed, the greater the 

suppressive effect obtained.

However, it has been demonstrated that the overall reinforcement rate may 

have no effect on the sensitivity to reinforcement allocation (Fantino, Squires, 

Delbrück, & Peterson, 1972). Some experimental studies have reported that a leaner
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reinforcement schedule detracts from the sensitivity to reinforcement allocation 

(Alsop & Elliffe, 1988; Davison, 1988). Alsop and Elliffe (1988) arranged a number 

of different overall reinforcer rates, ranging from 0.22 reinforcers per minute to 10 

reinforcers per minute, and found that sensitivity to reinforcer frequency decreased 

as the overall reinforcer rate decreased. Davison (1988) also demonstrated that as 

the overall reinforcer rate was decreased, sensitivity to reinforcer-duration ratios 

significantly decreased. According to the reanalyses of the data from Eantino et al. 

(1972) given by Davison and McCarthy (1988), the impeding effect of the leaner 

reinforcement schedule on sensitivity to reinforcement allocation would have been 

found, if they had employed the generalised matching law (GML), which was not 

then available.

The effects of deprivation level and reinforcement frequency can be 

sum m arised as: first, the higher the deprivation level (the lower the percentage 

against the ad lib body weight) arranged, the higher the response rate and the lower 

the suppressive effect of punishment on responses (the larger the suppression ratio) 

obtained, although this manipulation has no effect on the sensitivity to 

reinforcement allocation in a cone VI VI schedule; second, the richer the 

reinforcement schedule employed, the higher the response rate, the less the 

suppressive effect of punishment on responses, and the higher the sensitivity to 

reinforcement allocation obtained.

Given the above, the present experiment explored the effect of tone- 

punishment on choice behaviour, and also investigated the combined effect of the 

deprivation level and reinforcement frequency. This experiment was conducted
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with two main purposes, along with confirming that tone-punishment has the two 

common effects on choice behaviour under an open economy, response suppression 

and the preference shift towards overmatching, which have been demonstrated in 

the previous chapters and studies (de Villiers, 1980; 1982; Davison & McCarthy, 

1988; Farley, 1980; Yoshino, 1986). Firstly, the current experiment investigated the 

effect of reinforcement frequency and deprivation level on choice behaviour in 

terms of the extent of response suppression, and secondly, investigated the effect 

of these two factors on the extent of preference shift. If the deprivation level affects 

the suppressive effect of punishment as reported by the previous studies (Azrin, 

Holz, & Hake, 1963; MacDonald & Baron, 1971), the suppressive effect should vary 

according to the deprivation level arranged: that is, the lower the deprivation level 

(the higher the percentage of ad lib body weight) employed, the greater the response 

suppression would be obtained. If the finding by McSweeney (1975) is correct, no 

differences in sensitivity to reinforcement allocation according to the deprivation 

level would be found. However, it is not known whether the extent of preference 

shift caused by the addition of punishment schedule varies according to the 

deprivation level or the reinforcement frequency.

M ethod

Subjects. Twenty-four male Lister Hooded rats were divided into six 

experimental groups (n = 4). All subjects had an experimental history, in which 

they had pressed levers to obtain food pellets under concurrent reinforcement and 

tone punishm ent schedules (in Experiment 3.2). Every subject showed response
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suppression to some extent in the previous study, and the mean suppression ratio 

was .426 ± .026 SE. The six groups were counterbalanced for suppression ratio, on 

the basis of their data during the previous experiment (Experiment 3.2). The 

subjects served in the former experiment for two months were 4 - 6  months old at 

the start of that study. In the previous experiment, they were maintained at 85% 

body weight of their free feeding weight. After the experiment, they were kept for 

approximately six weeks on a free feeding regime. At the start of the present study, 

they were 7 -9  months old, had a free-feeding body weight range of 335-429 g, and 

were maintained at 80,90, or 100 % of this weight (Group 80: 283-332 g. Group 90: 

324-386 g. Group 100: 335-415 g) throughout the experiment. The four animals in 

each experimental group were housed in a home cage with water consistently 

available, under 12/ 12 light/ dark cycle. The experimental sessions were 

conducted during the light phase of the cycle.

Apparatus. Four identical standard operant chambers (Campden 

Instruments Ltd.) were used. Each chamber was located in a light- and 

sound-attenuating case, ventilated by a fan that provided background masking 

noise (65 dB[A]). Each chamber contained two levers and a recessed food tray 

covered by a clear Perspex hinged flap, to which a reinforcer, one 45-mg food pellet, 

was delivered. A speaker (through which a tone could be delivered) was mounted 

on the outside of the ceiling of the chamber. The 1 kHz, 105 dB[A] or 125 dB[A] of 

tone was generated by Audio Generator 258 (Campden Instruments Ltd.).

Procedure. As all subjects had lever press experience, no pre-training 

sessions were needed. The reinforcement condition (Lean/ Rich), and the
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Table 6.1
The sequence of experimental condition for each experimental group. 
P denotes sessions with the superimposition of a cone VI60-S VI60-S 

punishment schedule to the reinforcement schedule shown.

Reinforcement Experi mental condition
Schedule R80 R90 RIOO

cone VI30-S VI90-S 7 7 1
cone VI30-S VI60-s 5 1 3
cone VI60-S VI30-S 1 3 7
cone VI90-S VI30-S 3 5 5

cone VI30-S VI90-S P 4 4 6
cone VI30-S VI60-S P 6 2 2
cone VI60-S VI30-S P 2 6 4
cone VI90-S VI30-S P 8 8 8

L80 L90 LlOO
cone VI150-S VI450-S 3 5 1
cone VI150-S VI300-S 1 3 3
cone VI300-S VIlSO-s 7 7 5
cone VI450-S VIlSO-s 5 1 7

cone VI150-S VI450-S P 2 4 6
cone VI150-S VI300-S P 6 2 4
cone VI300-S VIlSO-s P 8 6 8
cone VI450-S VIlSO-s P 4 8 2

deprivation level condition (80%/ 90%/ 100%) generated six groups, L80, L90, LlOO, 

R80, R90, and RIOO. There were four experimental stages, each comprising eight 

reinforcement-only sessions (Baseline condition), and four stages comprising eight 

punishm ent sessions (Tone condition), during which a cone VI 60-s VI 60-s tone- 

punishm ent schedule was superimposed over each reinforcement schedule. The 

range of different reinforcement schedules, and the order in which each group 

experienced them, are summarised in Table 6.1. Each session lasted 40-min, and a 

2-sec COD was effective both for reinforcement and punishment schedules.

Data collection and analyses. Data concerning four variables were collected 

during each reinforcement-only session: the number of responses for each lever, the 

number of reinforcements for each lever, the accumulated time spent on each lever.
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and the total number of changeover responses. The accumulated time spent 

responding was defined by the accumulated interresponse time including 

changeover delays, but interresponse times longer than 60-s were not included. 

During the punishment stages, the number of tone presentations for each lever were 

also counted. The data from the last four sessions in each stage were used. 

Suppression ratio data were obtained both for response rates, and time spent 

responding, for each reinforcement schedule and across the four reinforcement 

schedules for each rat.

A least square linear regression analysis described a regression line in terms 

of the Generalised Matching Law (GML) for each rat for each condition of 

reinforcement and punishment, and for the two behavioural measures, response 

allocation and time allocation. The log components of response rate or time 

allocation were described as a function of the log components of reinforcer rate for 

each condition in each stage. GML is given by Equation 1.7.

Results 

Group R80

Table 6.2 summarises the mean response rates, mean time allocation, mean 

reinforcement rates, mean tone rates, mean changeover response rates, and standard 

errors of mean (SE) for each variable for each alternative over last four sessions, for 

each condition, and for each rat of Group R80. Table 6.3 shows the suppression 

ratio data for each reinforcement schedule for each rat. Because Rat R80-2 died due
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Table 6.2
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate

Tone and Changeover (CO) Response Rate per minu

Reinforcement Response Rate Time Allocation Reinforcement Rate Tone Rate CO
schedule Left Rieh Left Rieh Left Rich Left Rich

„.RatR80; 1........ has^eline _ _ ............
cone VI30-S VI90-S .....62.8...... 38.7 ........ Ï 37"" ’’” o’.67.... — —

( 0.80 )( 0.34 ) ( 0.67 )( 0.67 ) ( 0.088 ) 0.051 ) ( 0.12)
cone VI30-S VI60-S 56.7 42.3 34.9 25.0 1.83 0.92 --- --- 4.5

( 1.89 ) ( 2.80 ) ( 0.83 )( 0.78 ) ( 0.042 ) 0.056 ) ( 0.27)
cone VI60-S VI30-S 28.2 38.9 17.0 42.3 0.78 1.73 --- --- 2.4

( 1.40 )( 1.68 ) ( 0.53 )( 0.95 ) ( 0.031 ) 0.090 ) ( 0.13)
cone VI90-S VI30-S 29.8 49.7 19.4 40.6 0.67 2.21 --- --- 3.8

( 0.65 ){ 1.68 ) ( 0.46 )( 0.46 ) ( 0.070 ) 0.085 ) ( 0.13)
___Rat R8P:1........ Tone........ .

cone VI30-S VI90-S .....54.Ï" "33.8”’ .....37.2...... 227 ........ 2.6 2 " ’ 6.70.... .....0.'94 6.83..... 26
( 1.73 )( 2.14 ) ( 1.72 )( 1.73 ) ( 0.092 ) 0.060 ) ( 0.064 )( 0.110 ) ( 0.31)

cone VI30-S VI60-S 57.4 47.2 34.6 25.3 1.76 0.94 0.80 0.78 5.0
( 0.77 )( 0.29 ) ( 0.44 )( 0.44 ) ( 0.044 ) 0.044 ) ( 0.035 )( 0.044 ) ( 0.17)

cone VI60-S VI30-S 24.5 42.0 17.7 42.3 0.71 1.69 0.88 0.83 2.7
( 0.40 ) ( 1.51 ) ( 0.34 )( 0.35 ) ( 0.012 ) 0.068 ) ( 0.037 )( 0.053 ) ( 0.04)

cone VI90-S VI30-S 34.8 53.8 21.0 38.9 0.79 2.19 0.80 1.03 3.9
( 3.09 )( 5.45 ) ( 1.68 )( 1.69 ) ( 0.033 ) 0.046 ) ( 0.031 )( 0.085 ) ( 0.36)

_Rat R80-3........ Baseline_ ............
cone VI30-S VI90-S .....49.2...... .....43.9 "" " 16.6"........ 2.09"" ’ 6.64.... — —

( 1.27 )( 1.54 ) ( 0.84 )( 0.82 ) ( 0.095 ) 0.065 ) ( 0.09)
cone VI30-S VI60-S 38.9 31.2 37.8 22.2 1.76 0.96 --- — 2.9

( 1.46 )( 1.91 ) ( 0.44 )( 0.43 ) ( 0.062 ) 0.086 ) ( 0.05)
cone VI60-S VI30-S 12.5 34.2 25.3 34.9 0.73 1.67 --- --- 2.8

( 0.74 ) ( 1.09 ) ( 0.73 )( 0.82 ) ( 0.069 ) 0.076 ) ( 0.07)
cone VI90-S VI30-S 17.9 49.2 20.1 40.4 0.65 2.10 --- --- 3.2

( 0.70 )( 2.10 ) ( 0.89 )( 0.93 ) ( 0.050 ) 0.103 ) ( 0.09)
....R.at..R80;3........ Tone........ .

cone VI30-S VI90-S .....35.8...... "23.2 ’ .....40.'5...... Ï 93"........ 1.94 " ” 0.67.... .....T.6Ï" 0.68.... "25
( 1.80 )( 1.08 ) ( 0.98 )( 1.02 ) ( 0.092 ) 0.066 ) ( 0.099 )( 0.054 ) ( 0.15)

cone VI30-S VI60-S 42.7 23.5 43.1 17.6 1.81 0.80 0.82 0.72 2.9
( 0.72 )( 1.29 ) ( 0.77 )( 0.90 ) ( 0.060 ) 0.042 ) ( 0.037 )( 0.036 ) ( 0.19)

cone VI60-S VI30-S 14.4 33.8 23.6 36.5 0.78 1.70 0.80 0.83 2.6
( 0.12 )( 0.85 ) ( 0.38 )( 0.28 ) ( 0.094 ) 0.037 ) ( 0.059 )( 0.042 ) ( 0.12)

cone VI90-S VI30-S 31.1 41.9 25.4 34.6 0.77 1.94 0.84 0.88 3.4
( 1.19 )( 2.13 ) ( 0.84 )( 0.83 ) ( 0.058 ) 0.121 ) ( 0.044 )( 0.076 ) ( 0.14)

....Rat RSP:4........ Baseline_
cone VI30-S VI90-S ....'5 Ï .6 "ÏO.7" ' 46.6 " Ï 33 ' ........263"" ” "6.59.... — — "'"2 3 "

( 2.63 )( 1.28 ) ( 1.38 )( 1.36 ) ( 0.157 ) 0.051 ) ( 0.14)
cone VI30-S VI60-S 47.3 13.3 44.2 15.8 1.79 0.79 --- --- 2.1

( 0.94 ) ( 0.61 ) ( 0.51 )( 0.47 ) ( 0.077 ) 0.054 ) ( 0.12)
cone VI60-S VI30-S 12.5 22.5 23.4 36.7 0.71 1.64 --- --- 1.9

( 1.09 )( 1.24 ) ( 0.76 )( 0.55 ) ( 0.036 ) 0.070 ) ( 0.15)
cone VI90-S VI30-S 16.1 30.6 16.8 42.8 0.61 2.04 --- --- 1.8

( 1.07 )( 0.70 ) ( 0.74 )( 0.80 ) ( 0.033 ) 0.073 ) ( 0.03)
....Rat.R8P: 4........ Ton^e..........

cone VI30-S VI90-S .... 34.9' 14.2 ' 423 127 ........1.88’ ’ ” 6.63.... .....6Ï95 0.7Ï.... "21
( 3.45 )( 1.20 ) ( 1.53 )( 1.54 ) ( 0.084 ) 0.049 ) ( 0.052 )( 0.097 ) ( 0.22)

cone VI30-S VI60-S 45.6 13.1 43.0 17.0 1.83 0.84 0.78 0.73 2.2
( 2.13 )( 0.77) ( 0.44 )( 0.45 ) ( 0.071 ) 0.024 ) ( 0.034 )( 0.047 ) ( 0.08)

cone VI60-S VI30-S 12.8 21.6 26.1 33.3 0.71 1.48 0.79 0.71 2.0
( 0.42 )( 1.58 ) ( 2.30 )( 2.21 ) ( 0.016 ) 0.064 ) ( 0.031 )( 0.067 ) ( 0.09)

cone VI90-S VI30-S 26.5 29.5 24.7 35.0 0.72 1.98 0.81 0.96 2.5
( 1.90 )( 1.58 ) ( 1.24 )( 1.29 ) ( 0.045 ) 0.062 ) ( 0.024 )( 0.084 ) ( 0.14)

e in Group R80

233



Table 6.3
Suppression ratio for each rat for each reinforcement schedule, and overall four conditions, 

for response rates, and time spent responding in Group R80.

reinforcement
schedule

R80-1 R80-2 R80-3 R80-4 R80-1 R80-2 R80-3 R80-4
response time

cone VI30-S VI90-S .462 --- .440 .441 .500 —  .500 .500
cone VI30-S VI60-S .514 --- .486 .492 .500 .503 .500
cone VI60-S VI30-S .498 --- .508 .496 .503 .499 .497
cone VI90-S VBO-s .527 --- .521 .545 .500 —  .498 .500

overall .500 --- .489 .493 .501 .500 .499

to illness in the course of the experiment, no data are shown for this rat.

Although the overall ratios were under 0.5 for the response rate data, not all 

rats showed suppression clearly for both response rate and time spent responding. 

The greatest suppression was obtained in the cone VI 30-s VI 90-s condition, on the 

contrary, in the cone VI 90-s VI 30-s, even some response facilitation was observed. 

No suppression was observed for time spent responding.

The regression lines according to GML are shown for each rat, for each 

condition, and for each behavioural measure in Figure 6.1. Because Rat R80-2 died 

due to illness on the course of the experiment, no data are shown for this rat.

Three aspects of these data deserve mention. First, 10 out of the 12 regression 

lines fitted well to each set of data (the exceptions were for response allocation 

under the Tone condition for Rat R80-3 and for Rat R80-4). The variance accounted 

for (VAC), except for these two cases, was higher than 97%. Second, including these 

two cases, the slope values were smaller than 1.0, which indicates that 

underm atching was the common result for both reinforcement-only and 

punishment conditions. For example, for response allocation for Rat R80-1 the 

values were smaller than .5, and for response allocation for Rat R80-4 it was .974 

indicating almost the strict matching. Finally, the addition of a tone-punishment
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L O G  O B T A I N E D  R E I N F O R C E R  R A T I O

Figure 6.1. Log response ratios (left panels), and log time allocation ratios (right panels) as a function 
of log obtained reinforcer ratios for each rat of Group R80. All data shown were the averaged over the 
last 4 sessions in each stage. Opened circle denotes data during the Baseline condition, and filled circle 
denotes data during the Tone conditions. Solid lines show fitted least squares regression lines during 
the Baseline conditions, broken lines show those during the Tone conditions. Diagonal dotted line 
denotes the strict matching. Equations of the regression analyses are also given with the variances of 
accounted for in parentheses.
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schedule made the sensitivities to reinforcer allocation lower in five out of the six 

cases. For response allocation for Rat R80-1, the addition of the tone-punishment 

schedule improved the sensitivity from .424 to .459, however, in all other cases it 

worked in the opposite direction, and the difference in the sensitivities between the 

two conditions, was from .036 (time allocation for Rat R8Ü-1), to .248 (time allocation 

for Rat 80-4).

Group R90

Table 6.4 summarises the results regarding five variables over last four 

sessions for each alternative for each condition for each rat of Group R90. Table 6.5 

shows the suppression ratio data for each reinforcement schedule for each rat.

All the rats showed suppression to some extent in terms of the overall 

response rate, and suppression ratios were between .468 and .492. For time spent 

responding, all the suppression ratios were greater than .490. It was not necessarily 

the case that response suppression was observed in any pair of reinforcement 

schedules for every rat, and only Rat R90-2 showed suppression under every pair 

of schedules for both response rates and time spent responding.

The regression lines according to the GML are shown for each rat, for each 

condition, and for each behavioural measure in Figure 6.2. Four aspects concerning 

these data should be noted. First, for only 8 from 12 regression lines the VAC was 

higher than 90 %. The VAC for response allocation was particularly low, and in 

only one case, for Rat R90-1 during the Tone condition, did VAC achieve a value 

higher than 95%. Second, all slope values were smaller than .85, which indicates
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Table 6.4
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate 

Tone and Changeover (CO) Response Rate per minute in Group R90.

Reinforcement
schedule

Response Rate 
Left Right

Time Allocation 
Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

CO

_RatR90:l Baseline
cone VI30-S VI90-S 52.7 29.9 39.8 20.2 1.98 0.77 — — 3.8

( 1.25) ( 1.18 ) 1.11 )( 1.10) (0.107 ( 0.046 ) ( 0.14)
cone VI30-S VI60-S 39.6 13.5 42.4 17.5 1.78 0.61 — -------- 2.0

( 2.07 )( 1.83 ) 2.20 )( 2.27) ( 0.062 ( 0.081 ) ( 0.15)
cone VI60-S VI30-S 36.4 27.1 29.7 30.2 1.01 1.49 — -------- 3.2

( 1.40) ( 0.77) 0.98 )( 0.99) ( 0.043 ( 0.026 ) ( 0.20)
cone VI90-S VI30-S 27.9 29.5 25.5 34.4 0.68 1.97 — -------- 3.5

( 1.24) ( 1.16) 0.72 )( 0.81 ) ( 0.093 ( 0.068 ) ( 0.09)
RatR90:l Tone

cone VI30-S VI90-S 46.1 15.4 41.2 18.7 1.96 0.78 0.93 0.88 3.2

( 1.11)( 0.68 ) 0.46 )( 0.43 ) ( 0.097 ( 0.030 ) ( 0.102 )( 0.044 ) ( 0.08)
cone VI30-S VI60-S 38.3 11.6 42.9 17.0 1.73 0.66 0.87 0.71 2.1

( 2.15 )( 0.46 ) 1.03 )( 0.99 ) ( 0.075 ( 0.043 ) ( 0.047 )( 0.082 ) ( 0.08)
cone VI60-S VI30-S 31.3 36.7 26.5 33.4 0.87 1.61 0.75 0.79 3.9

( 1.37) ( 1.62 ) 0.94 )( 0.97 ) ( 0.062 ( 0.146 ) ( 0.084 ) ( 0.100 ) ( 0.20)
cone VI90-S VI30-S 31.5 35.6 27.3 32.6 0.69 1.95 0.84 0.87 4.3

( 1.38) ( 1.29 ) 1.73 )( 1.69) ( 0.048 ( 0.077 ) ( 0.046 ) ( 0.050 ) ( 0.08)
RatR90-2

cone V130-S VI90-S 43.7 28.8 36.5 23.1 2.01 0.73 -------- -------- 4.1
( 0.58 )( 1.97 ) 1.16 )( 1.20 ) ( 0.081 ( 0.035 ) ( 0.23)

cone VI30-S VI60-S 45.4 18.6 40.4 19.3 1.68 0.75 -------- -------- 2.5
( 1.72) ( 0.63 ) 1.11 )( 1.09 ) ( 0.053 ( 0.071 ) ( 0.05)

cone VI60-S VI30-S 37.8 40.8 26.8 33.1 0.97 1.62 -------- -------- 3.5
( 1.56) ( 1.77) 1.08 )( 1.12) (0.012 ( 0.058 ) ( 0.11)

cone VI90-S VI30-S 28.6 47.2 21.0 38.2 0.68 2.01 -------- -------- 2.9
( 0.55 )( 0.82) 0.42 )( 0.67) ( 0.094 ( 0.026 ) ( 0.11)

RatR9P:2 Tone
cone VI30-S VI90-S 43.6 22.0 40.2 17.0 1.78 0.63 0.89 0.86 2.8

( 1.39 )( 1.75) ( 1.82 )( 1.58 ) ( 0.053 ( 0.044 ) ( 0.094 ) ( 0.038 ) ( 0.20)
cone VI30-S VI60-S 44.5 18.0 40.1 17.0 1.69 0.83 0.78 0.69 2.4

( 3.10) ( 1.91 ) ( 2.39 )( 1.05 ) ( 0.083 ( 0.076 ) (0.041 )( 0.028 ) ( 0.19)
cone VI60-S VI30-S 28.4 44.0 22.7 37.0 0.87 1.76 0.81 0.92 3.6

( 0.84) ( 0.60 ) ( 0.68 )( 0.68 ) ( 0.048 ( 0.165 ) ( 0.120 )( 0.033 ) ( 0.10)
cone VI90-S VI30-S 21.8 39.0 20.7 35.8 0.67 1.76 0.69 0.81 2.7

( 0.65 )( 2.78) 1.14 )( 2.03) ( 0.063 ( 0.069 ) ( 0.033 )( 0.087 ) ( 0.09)
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Table 6.4 (cont'd)
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate 

Tone and Changeover (CO) Response Rate per minute in Group R90.

Reinforcement
schedule

Response Rate 
Left Right

Time Allocation 
Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

CO

RatR9P:3 Baseline
cone VI30-S VI90-S 32.3 48.5 34.2 25.9 1.96 0.74 -------- — 4.7

( 0.68 )( 2.68 ) 0.66 ) ( 0.66 ) (0.103) 0.044 ) ( 0.12)
cone VI30-S VI60-S 23.0 28.4 39.5 20.4 1.71 0.73 -------- — 2.9

( 0.89 )( 1.05) 1.04 )( 1.07 ) (0.046 ) 0.048 ) ( 0.11)
cone VI60-S VI30-S 22.5 55.2 26.2 33.7 0.94 1.70 -------- — 3.8

( 0.95 )( 1.85) 1.16 )( 1.15 ) (0.026 ) 0.060 ) ( 0.09)
cone VI90-S VI30-S 17.0 54.4 18.2 41.5 0.59 2.19 -------- — 2.9

( 1.00) ( 0.29 ) 0.99 ) ( 1.01 ) (0.100) 0.073 ) ( 0.13)
_RatR90:3 Tone

cone VI30-S V190-S 29.8 39.9 37.4 22.6 2.01 0.73 0.84 0.98 3.4
( 0.73 )( 0.85 ) 0.41 )( 0.43 ) (0.127) 0.051 ) ( 0.074 ) ( 0.048 ) ( 0.04)

cone VI30-S VI60-S 23.6 25.9 36.2 22.1 1.66 0.82 0.83 0.79 2.9
( 1.45) ( 1.29 ) 2.33 )( 1.43 ) (0.070 ) 0.078 ) ( 0.077 )( 0.095 ) ( 0.07)

cone VI60-S VI30-S 21.5 53.0 21.6 38.4 0.82 1.51 0.78 0.94 3.6
( 1.61 )( 0.83 ) 1.41 )( 1.41 ) (0.041) 0.124 ) (0.098 )( 0.039 ) ( 0.23)

cone VI90-S VI30-S 15.2 63.7 16.5 43.3 0.61 1.98 0.74 0.86 3.7
( 0.91 )( 2.36 ) 0.72 )( 0.68 ) (0.043 ) 0.071 ) ( 0.047 ) ( 0.050 ) ( 0.16)

_RatR90;4 Baseline
cone VI30-S VI90-S 37.1 28.0 33.0 26.6 1.91 0.69 -------- -------- 2.4

( 1.99) ( 1.65 ) 1.47 )( 1.28 ) (0.104) 0.043 ) ( 0.07)
cone VI30-S VI60-S 37.8 15.2 44.1 15.9 1.78 0.73 -------- -------- 2.1

( 0.95 )( 0.96 ) 0.86 ) ( 0.92 ) (0.068 ) 0.056 ) ( 0.07)
cone VI60-S VI30-S 29.6 29.6 26.0 33.9 0.94 1.61 -------- -------- 2.6

( 1.11)( 1.82) 0.96 ) ( 0.96 ) (0.043 ) 0.041 ) ( 0.12)
cone VI90-S VI30-S 22.8 37.4 19.3 40.7 0.70 1.96 -------- -------- 2.2

( 0.70 )( 0.55 ) 0.88 ) ( 0.87 ) (0.044) 0.086 ) ( 0.05)
_RatR90:4 Tone

cone VI30-S VI90-S 34.7 19.5 37.5 22.1 1.78 0.68 0.94 0.85 2.5
( 0.17) ( 0.43 ) 0.68 ) ( 0.70 ) (0.127) 0.034 ) (0.068 )( 0.053 ) ( 0.10)

cone VI30-S VI60-S 29.9 9.9 45.9 13.6 1.68 0.72 0.76 0.60 1.5
( 1.05) ( 1.16) 1.09 )( 1.05 ) (0.051) 0.076 ) ( 0.013 )( 0.010 ) ( 0.13)

cone VI60-S VI30-S 21.9 32.8 22.8 36.9 0.83 1.57 0.74 0.89 2.1
( 0.89 )( 2.94) 1.44 )( 1.60 ) (0.053 ) 0.222 ) (0.088 )( 0.056 ) ( 0.11)

cone VI90-S VI30-S 20.5 41.7 17.5 42.3 0.61 1.91 0.74 0.85 1.7
( 0.66 )( 0.96 ) 0.73 ) ( 0.78 ) (0.033 ) 0.090 ) (0.051 )( 0.065 ) ( 0.05)
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Table 6.5
Suppression ratio for each rat for each reinforcement schedule, and overall four conditions, 

for response rates, and time spent responding in Group R90.

reinforcement
schedule

R90-1 R90-2 R90-3 R90-4 R90-1 R90-2 R90-3 R90-4
response time

cone VI30-S VI90-S .427 .475 .463 .454 .500 .490 .500 .500
cone VI30-S VI60-S .485 .494 .491 .429 .500 .489 .493 .498
cone VI60-S V130-S .517 .479 .489 .480 .500 .499 .500 .499
cone V190-S VI30-S .539 .445 .525 .508 .500 .488 .501 .499

overall .492 .473 .492 .468 .500 .492 .498 .499
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Figure 6.2. Log response ratios (left panels), and log time allocation ratios (right panels) as a function of 
log obtained reinforcer ratios for each rat of Group R90. Details are as in Figure 6.1.
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Figure 6.2 (cont'd). Log response ratios (left panels), and log time allocation ratios (right panels) as a 
function of log obtained reinforcer ratios for each rat of Group R90. Details are as in Figure 6.1.

that undermatching occurred. Especially, for response allocation during the 

Baseline, for all rats the values were smaller than 0.55. In seven from eight cases, 

the sensitivities for time allocation were higher than those for response allocation. 

Third, a relatively large response bias was observed for Rat R90-1 and Rat R9Ü-3 for 

response allocation. Rat R90-1 showed the response bias towards the left lever, on 

the contrary. Rat 90-3 showed that towards the right alternative. However, these 

tendencies were not observed for time allocation data. Finally, the addition of a 

tone-punishment schedule made the sensitivities to reinforcer allocation higher for
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all eight cases. Regardless of the VAC, the response biases, or even response 

measure, this tendency was clearly observed.

Group RIOO

Table 6.6 depicts the summarised data for five variables over last four 

sessions for each alternative, for each condition, for each rat of Group RIOO. Table 

6.7 shows the suppression ratio data for each reinforcement schedule for each rat.

Two rats (RlOO-1 and RlOO-4) showed suppression, and the other two 

showed almost no change for overall response rate data. The clear suppression was 

observed for Rat RlOO-4, whereas no suppression was observed for Rat RlOO-2. For 

time spent responding, all the suppression ratios were greater than .497, which 

indicate that rats did not often show a response break of longer than 60 s.

The regression lines according to the GML are shown for each rat, for each 

condition, and for each behavioural measure in Figure 6.3. Three aspects of these 

data deserve mention. First, the regression lines fitted well to each set of data, with 

one exception for response allocation under the Tone condition for Rat RlOO-2. For 

all cases, the VAC for time allocation data were higher than those for response 

allocation. Second, none of the eight slope values were greater than .9, which 

indicates that undermatching was obtained. Comparisons of these values between 

the two behavioural allocation measures revealed that the slope values for time 

allocation were higher than those for response allocation (except for Rat RlOO-4 

under the Baseline condition). Finally, through the addition of a tone-punishment 

schedule, the sensitivities to reinforcer allocation became higher in five out of six
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Table 6.6
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate

Tone and Changeover (CO) Response Rate per minute in Group RIOO.

Reinforcement
schedule

Response Rate 
Left Right

Time Allocation 
Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

CO

R a tR lO O - l ...... Baseline

cone VI30-S VI90-S 3 8 .9 13.5 42.7 17.2 2.06 0.61 --- --- 1.9
( 1-24 ) ( 0.59 ) 1.00 )( 0.90 ) ( 0.11) 0.03 ) ( 0.03)

cone VI30-S VI60-S 31.8 21.3 30.4 29.0 1.56 0.87 -- ™ --- 2.1
( 1-10)( 1.19 ) 0.78 ) ( 1.36 ) (0.108) 0.071 ) ( 0.03)

cone V160-S VI30-S 30.4 42.1 19.8 40.2 0.89 1.77 -------- -------- 2.7
( 2 .3 4  ) ( 1.82) 1.24 )( 1.24 ) (0.130) 0.120 ) ( 0.11)

cone VI90-S VI30-S 24.2 31.3 18.8 41.1 0.64 1.77 -------- -------- 2.0
( 1.40 )( 1.45) 1.75 )( 1.73 ) (0.016) 0 .0 8 9  ) (0.11)

R a t R l O O - l ..... Tone
cone VI30-S VI90-S 44.1 23.4 33.2 26.7 1.73 0.79 0.88 0 .9 2 2.5

( 1.06 )( 1.40 ) 1.63 )( 1.62 ) (0.077 ) 0.046 ) ( 0.037 )( 0.105 ) ( 0.11)
cone VI30-S VI60-S 30.9 10.5 42.6 17.3 1.69 0.65 0.90 0.60 1.4

( 1.51 )( 0.75) 1.82 )( 1.82 ) (0.115) 0.048 ) (0.018 )( 0.047) ( 0.09)
cone VI60-S VI30-S 20.9 32.9 16.1 43.4 0.67 1.77 0.81 0.95 1.8

( 0.49 )( 1.08) 0.86 )( 0.84 ) (0.037 ) 0.087 ) ( 0.078 ) ( 0.062 ) (0.11)
cone VI90-S VI30-S 19.1 33.3 14.4 43.4 0.55 2.04 0.64 0.94 1.9

( 0.92 )( 0.90 ) 0.78 ) ( 1.51 ) (0.023 ) 0.095 ) (0.087 )( 0.051 ) ( 0.07)

.)^.?.t..Ri00:2............. Baseline
cone VI30-S VI90-S 31.8 6.6 47.5 12.2 2.03 0.53 — -------- 1.2

( 1.52 )( 0.49 ) 1.05 )( 1.06 ) (0.119) 0.052 ) ( 0.07)
cone VI30-S VI60-S 3 6 .0 18.8 40.8 19.2 1.66 0.81 — -------- 2.1

( 1.51 )( 0 .8 3  ) 2.05 )( 2.07 ) (0.126) 0.057 ) ( 0.08)
cone VI60-S VI30-S 19.2 39.4 21.6 38.3 0.82 1.75 — -------- 2.6

( 1 .3 6  ) ( 1.59) 1.04 )( 1.09 ) (0.084 ) 0.119 ) ( 0.08)
cone VI90-S VI30-S 18.4 30.2 18.6 41.3 0.63 1.81 — -------- 1.9

( 0 .9 9  ) ( 1.27 ) 1.05 )( 1.03 ) (0.034 ) 0.062 ) ( 0.09)
RatRlOO-2...... Tone

cone VI30-S VI90-S 37.0 18.9 45.5 14.2 1.96 0 .6 3 0.96 0.76 1.8
( 2.27 )( 1.19 ) 1.22 )( 1.30 ) (0.133) 0.031 ) (0.059 )( 0.041 ) ( 0.05)

cone VI30-S VI60-S 37.6 6.8 47.2 12.4 1.67 0.57 0.81 0.54 1.1
( 1 .9 6  )( 0.19) 0.61 )( 0.60 ) (0.101) 0.021 ) (0.071 )( 0.022 ) ( 0.04)

cone V160-S VI30-S 21.0 26.6 24.9 34.4 0.79 1.44 0.93 0.84 1.8
( 1.21 )( 3.23) 1.44 )( 1.49 ) (0.043 ) 0.126 ) (0.098 )( 0.108 ) ( 0.14)

cone VI90-S VI30-S 17.5 30.4 22.7 36.5 0.72 1.78 0.75 0.79 2.2
( 0.84 )( 0.43) 1.02 )( 0.87 ) (0.039 ) 0.051 ) ( 0.084 ) ( 0.093 ) ( 0.01)
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Table 6.6 (cont’d)
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate

Tone and Changeover (CO) Response Rate per minute in Group RIOO.

Reinforcement
schedule

Response Rate 
Left Right

Time Allocation 
Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

CO

JRatRlO O J...... Baseline
cone VI30-S VI90-S 23.5 14.3 43.0 16.8 2.17 0.64 — --- 2.6

( 1.43) ( 0.26) 0.81 )( 0.78 ) (0.127 ( 0.033 ) ( 0.14)
cone VI30-S VI60-S 24.9 22.0 36.1 23.9 1.63 0.89 — --- 3.3

( 0.15 )( 1.00 ) 1.09 )( 1.12 ) (0.122 ( 0.070 ) ( 0.19)
cone VI60-S VI30-S 19.5 31.2 25.2 34.9 0.82 1.76 --- --- 3.2

( 1.00 )( 1.29 ) 1.17 )( 1.12 ) (0.110 ( 0.087 ) ( 0.17)
cone VI90-S VI30-S 18.6 27.5 23.8 36.2 0.66 1.79 --- --- 3.4

( 1.32 )( 1.24) 1.59 )( 1.59 ) (0.022 ( 0.131 ) ( 0.29)
RatRlOO-S...... Tone

cone VI30-S VI90-S 25.7 19.8 38.2 21.5 1.88 0.78 0.89 0.84 3.2
( 0.49 )( 0.86 ) 0.37 )( 0.24 ) ( 0.096 ( 0.031 ) (0.041 )( 0.105 ) ( 0.06)

cone VI30-S VI60-S 24.9 16.5 40.8 19.0 1.83 0.72 0.83 0.76 2.7
( 0.89) ( 0.82 ) 0.75 )( 0.75 ) (0.113 ( 0.033 ) ( 0.077 ) ( 0.051 ) ( 0.05)

cone VI60-S VI30-S 18.8 23.8 27.7 30.7 0.88 1.44 0.88 0.82 3.2
( 0.62 )( 0.85) 1.25 )( 0.80 ) (0.041 ( 0.060 ) (0.134 )( 0.099 ) ( 0.15)

cone VI90-S VI30-S 17.7 29.7 25.0 34.5 0.71 1.82 0.77 0.79 2.9
( 0.92 )( 1.58 ) 1.37 )( 1.35 ) (0.053 ( 0.104 ) ( 0.071 ) ( 0.075 ) ( 0.08)

.M.Ri.P.?.:.4...... Baseline
cone VI30-S VI90-S 48.1 8.0 49.0 10.8 2.14 0.51 --- --- 1.4

( 2.63 )( 0.63 ) 0.54 )( 0.54 ) (0.078 ( 0.053 ) ( 0.10)
cone VI30-S VI60-S 54.8 22.2 37.9 21.9 1.63 0.76 --- --- 3.0

( 1.32 )( 1.68 ) 1.48 )( 1.49 ) (0.077 ( 0.062 ) ( 0.14)
cone VI60-S VI30-S 31.3 35.5 29.9 29.8 1.04 1.45 --- --- 2.9

( 1.88) ( 2.48 ) 2.53 )( 2.65 ) (0.092 ( 0.097 ) ( 0.13)
cone VI90-S VI30-S 30.4 32.0 23.7 36.6 0.67 1.78 --- --- 2.0

( 1.51 )( 2.25 ) 1.40 )( 1.09 ) (0.031 ( 0.059 ) ( 0.17)
RatRlOOJ...... Tone

cone VI30-S VI90-S 42.1 15.8 44.8 15.0 1.89 0.74 0.97 0.84 2.4
( 1.87 )( 0.83 ) 0.74 )( 0.69 ) (0.135 ( 0.054 ) (0.066 )( 0.084 ) ( 0.13)

cone VI30-S VI60-S 27.1 5.4 48.9 10.2 1.57 0.43 0.76 0.46 1.0
( 2.36 )( 0.44 ) 1.13 )( 0.88 ) (0.105 ( 0.041 ) ( 0.083 ) ( 0.013 ) ( 0.02)

cone VI60-S VI30-S 26.9 35.9 22.9 36.6 0.79 1.59 0.86 0.94 2.1
( 1.34) ( 3.30 ) 2.38 ) ( 2.48 ) (0.060 ( 0.097 ) (0.066 )( 0.028 ) ( 0.12)

cone VI90-S VI30-S 24.6 35.5 23.1 37.2 0.73 2.07 0.80 0.79 2.9
( 0.23 )( 0.56 ) 0.77 )( 1.13 ) (0.070 ( 0.123 ) (0.101 )( 0.084 ) ( 0.07)
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Table 6.7
Suppression ratio for each rat for each reinforcement schedule, and overall four conditions, 

for response rates, and time spent responding in Group RIOO.

reinforcement

schedule

RlOO-1 RlOO-2 RlOO-3 RlOO-4 RlOO-1 RlOO-2 RlOO-3 RlOO-4

response time

cone VI30-S VI90-S .563 .593 .546 .508 .500 .500 .500 .500
cone VI30-S VI60-S .438 .448 .469 .297 .502 .498 .499 .497
cone VI60-S VI30-S .426 .448 .456 .485 .498 .498 .493 .499
cone VI90-S VI30-S .486 .496 .507 .491 .491 .497 .498 .500

overall .478 .496 .495 .445 .498 .498 .497 .499
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Figure 6.3. Log response ratios (left panels), and log time allocation ratios (right panels) as a function of 
log obtained reinforcer ratios for each rat of G roup RIOO. Details are as in Figure 6.1.
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Figure 6.3 (cont'd). Log response ratios (left panels), and log time allocation ratios (right panels) as a 
function of log obtained reinforcer ratios for each rat of Group RIOO. Details are as in Figure 6.1.

cases, and in the other three cases it became lower. For Rat RlOO-1 and Rat RlOO-4, 

the preference shift towards the richer alternative was observed for both response 

measures, on the contrary, for Rat 100-2 the preference shift towards the opposite 

direction was observed for both measures.

Group L80

Table 6.8 shows the summarised data for five variables during the last four 

sessions, for each alternative, for each condition, for each rat of Group L80. Table 

6.9 shows the suppression ratio data for each reinforcement schedule for each rat.
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Table 6.8
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate

Tone and Changeover (CO) Response Rate per minute in Group L80

Reinforcement Response Rate Time Allocation Reinforcement Rate Tone Rate CO
schedule Left Right Left Right Left Right Left Right

RatL80-l Baseline
cone VI150-S VI450-S 22.6 9.8 43.S 16.1 O.Sl 0.17 --- --- 1.3

( 1.60) ( 0.32 ) ( 1.04 )( 0.89 ) ( 0.0S)( 0.02) ( 0.06)
cone VI150-S VI300-S 1S.7 12.6 40.0 19.S 0.36 0.21 --- --- 1.9

( 0.46 )( 0.47) ( l.SS)( 1.31 ) ( 0.037 ) ( 0.012 ) ( 0.16)
cone VI300-S VIlSO-s --- — — — — — --- --- —

cone VI450-S VIlSO-s 14.4 22.0 26.3 33.6 0.18 0.4S --- —-- 1.7
( 0.43 )( 1.32 ) ( 1.10 )( 1.17) ( 0.027 ) ( 0.0S3 ) ( 0.04)

RatL80-l Tone
cone VI150-S VI450-S 18.7 6.2 48.S 10.8 0.S4 0.13 0.84 0.61 1.0

( 1.53 )( O.SO) ( 0.37 )( 0.28 ) ( 0.041 ) ( 0.027 ) ( 0.039 )( 0.048 ) ( 0.06)
cone VIlSO-s VI300-S 23.8 12.3 39.6 18.7 0.36 0.17 0.92 0.84 l.S

( 0.67 )( 0.49) ( 1.03 )( 0.91 ) (0.036 )( 0.006 ) ( 0.043 ) ( 0.078 ) ( 0.04)
cone VI300-S VllSO-s — — — — --- — — — —

cone VI4S0-S VIlSO-s 16.2 19.2 30.9 29.0 0.21 0.4S 0.82 0.81 1.8
( 0.79 )( 0.47 ) ( 1.00 )( 0.98 ) (0.021 )( 0.0S4 ) ( 0.028 ) ( 0.024 ) ( 0.06)

RatL80-2........Baselme
cone VlSO-s VllSO-s 36.3 20.3 40.S 19.4 0.46 0.17 --- — 3.0

( 3.13 )( 0.39 ) ( 0.31 )( 0.29 ) (0.0S4 )( 0.033 ) ( 0.22)
cone VlSO-s VllOO-s 47.2 23.6 37.7 22.3 0.43 0.21 --- — 3.1

( 1.34 )( 1.S2) ( 0.78 ) ( 0.79 ) (0.044 )( 0.016 ) (0.11)
cone VIlOO-s VISO-s 32.S 34.6 2S.2 34.8 O.IS 0.43 --- — 4.S

( 1.28) ( 3.49 ) ( 0.83 ) ( 0.83 ) (0.031 )( 0.027 ) ( O.IS)
cone VllSO-s VlSO-s 32.6 32.1 2S.2 34.S 0.22 0.44 --- — 4.0

( 0.99 )( 1.83) ( 0.83 ) ( 0.73 ) (0.021 )( 0.0S4 ) ( 0.14)
RatL80-_2 Tone

cone VlSO-s VIlSO-s 34.4 17.7 36.0 22.3 0.49 0.13 0.8S 0.86 2.S
( 0.84 )( 1.38 ) ( 2.00 )( 1.49 ) ( 0.068 ) ( 0.019 ) ( 0.049 ) ( 0.0S8 ) ( 0.17)

cone VlSO-s VIlOO-s 48.S 19.6 36.9 23.1 0.36 0.16 0.93 0.86 3.3
( 3.01 )( 1.87) ( 2.44 )( 2.4S) (0.048 )( 0.031 ) ( 0.08S ) ( 0.041 ) ( 0.28)

cone VIlOO-s VISO-s 31.9 28.1 27.0 32.8 0.18 0.41 0.94 0.9S 4.3
( 0.93 )( 1.44) ( 0.96 )( 1.13) ( 0.046 ) ( 0.022 ) ( 0.041 ) ( 0.032 ) ( 0.22)

cone VIlSO-s VISO-s 28.6 3S.3 24.3 3S.6 O.IS 0.S4 0.84 0.98 3.1
( 0.33 )( 2.01 ) ( 1.63 )( 1.64) (0.018 )( 0.046 ) (0.048 )( 0.104) ( 0.13)

246



Table 6.8 (cont'd)
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate

Tone and Changeover (CO) Response Rate per minute in Group L80

Reinforcement
schedule

Response Rate 
Left Right

Time Allocation 
Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

CO

Rat L80-3 Baseline
cone VI150-S VI450-S 27.2 23.9 40.8 19.3 O.Sl 0.22 -------- -------- 2.S

( 0.68 )( 0.S6 ) ( 0.81 )( 0.79 ) (0.061 ( 0.030 ) ( 0.10)
cone VI150-S VI300-S 23.7 2S.3 39.7 20.4 0.41 0.20 -------- -------- 3.0

( 1.50 )( 1.67) ( 0.76 )( 0.77 ) (0.044 ( 0.014 ) ( O.OS)
cone VI300-S VIlSO-s 2S.9 41.1 28.0 31.9 0.18 0.41 -------- -------- 3.8

( 1.18)( 2.34) ( 0.80 )( 0.83 ) (0.018 ( 0.067 ) ( 0.14)
cone VI450-S VIlSO-s 20.3 38.3 28.6 31.6 0.16 0.49 -------- -------- 3.6

( 0.8S)( 1.S9 ) ( 0.73 )( 0.77 ) (0.016 ( 0.024 ) ( 0.13)
...E .̂lL80-3 Tone

cone VI150-S VI450-S 23.3 13.2 44.7 1S.3 0.S7 0.13 0.89 0.71 2.2
( 0.68 )( O.SO ) ( 0.30 )( 0.24 ) (0.062 ( 0.031 ) ( 0.0S3 ) ( 0.046 ) ( 0.04)

cone VI150-S VI300-S 28.3 21.7 39.3 20.6 0.38 0.18 1.01 0.93 2.7
( 1.14)( 0.79 ) ( 0.84 )( 0.86 ) (0.043 ( 0.010 ) ( 0.077 ) ( 0.064 ) ( 0.14)

cone VI300-S VIlSO-s 19.8 31.0 2S.1 30.3 0.18 0.43 0.83 0.74 3.1
( 0.17)( 2.47 ) ( 1.00 )( 1.22 ) (0.039 ( 0.024 ) ( 0.048 ) ( 0.066 ) ( 0.18)

cone VI450-S VIlSO-s 21.9 31.9 30.S 29.3 0.18 0.48 0.93 0.86 3.1
( 0.89 )( 1.41 ) ( 2.0S)( 1.98 ) (0.031 ( 0.0S6 ) ( 0.0S2 ) ( 0.078 ) ( 0.16)

JRatL80-4 Baseline
cone VISO-s VIlSO-s 30.4 11.7 4S.0 14.4 O.SO 0.21 — -------- 1.8

( 0.89 )( 0.89 ) ( 0.76 )( 0.80 ) (0.0S4 ( 0.019 ) ( 0.09)
cone VISO-s VIlOO-s 21.7 lO.S 43.7 1S.2 0.38 0.18 — -------- 1.4

( 1.34) ( 0.77 ) ( 0.41 )( 1.10 ) (0.060 ( 0.023 ) ( 0.12)
cone VIlOO-s VISO-s 20.6 14.6 29.6 30.3 0.14 0.44 — -------- 1.9

( 0.66 )( 0.93 ) ( 0.68 )( O.Sl ) (0.033 ( 0.033 ) ( 0.04)
cone VIlSO-s VISO-s 14.1 18.6 24.9 3S.2 0.16 0.44 — -------- 1.9

( 1.16)( 0.77 ) ( 1.76 )( 2.07 ) (0.022 ( 0.049 ) ( 0.08)
RatL80-4 Tone

cone VISO-s VIlSO-s 2S.0 6.1 4S.8 12.4 0.43 0.14 0.83 0.S6 1.1
( 4.01 )( O.SO ) ( 2.96 )( 1.10 ) (0.068 ( 0.043 ) ( 0.073 ) ( 0.038 ) ( 0.09)

cone VISO-s VIlOO-s 2S.0 9.4 42.2 18.4 0.39 0.14 0.76 0.69 1.S
( 3.09 )( 0.42) ( 2.60 )( 3.40 ) (0.078 ( 0.024 ) ( 0.04S ) ( 0.047 ) ( 0.06)

cone VIlOO-s VISO-s 16.S 12.0 28.1 31.3 0.14 0.38 0.76 0.89 1.8
( 0.9S)( 0.94 ) ( 0.67 )( 0.99 ) (0.024 ( 0.016 ) ( 0.038 ) ( 0.043 ) ( 0.10)

cone VIlSO-s VISO-s 16.1 IS.O 30.3 28.0 0.18 0.43 0.69 0.74 1.8
( 1.13 )( 2.47) ( 1.78 )( 1.43 ) (0.028 ( 0.000 ) ( 0.037 )( 0.112) ( 0.26)
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Table 6.9
Suppression ratio for each rat for each reinforcement schedule, and overall four conditions, 

for response rates, and time spent responding in Group L80.

reinforcement

schedule

L80-1 L80-2 L80-3 L80-4 L80-1 L80-2 L80-3 L80-4
response time

cone VI150-S V1450-S .435 .479 .417 .425 .499 .493 .499 .495
cone VI150-S VI300-S .561 .490 .505 .517 .495 .500 .499 .507
cone VI300-S VIlSO-s --- .472 .431 .448 --- .499 .481 .498
cone VI450-S VI150-S .493 .497 .478 .487 .500 .501 .499 .492

overall .496 .485 .458 .469 .498 .498 .495 .498
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Figure 6.4. Log response ratios (left panels), and log time allocation ratios (right panels) as a function of 
log obtained reinforcer ratios for each rat of Group L80. Details are as in Figure 6.1.
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Figure 6.4 (cont'd). Log response ratios (left panels), and log time allocation ratios (right panels) as a 
function of log obtained reinforcer ratios for each rat of Group L80. Details are as in Figure 6.1.

Because Rat L80-1 stopped responding during the sixth stage of the experiment, 

data both for the Baseline and the Tone conditions under cone VI 300-s VI 150-s 

were not collected.

Three out of the four rats showed suppression to some extent for overall 

response rates, however, the other rat (Rat L80-1) did not show clear suppression. 

For time spent responding, all the suppression ratios were greater than .490, which 

indicates no suppression in terms of time spent responding.

The regression lines according to the GML are shown for each rat, for each 

condition, and for each behavioural measure in Figure 6.4. Three aspects of these
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data are noted. First, all the regression lines for time allocation fitted well to each 

set of data, however, for response allocation, only five from eight regression lines 

satisfied more than 90% of VAC. Especially, Rat L80-4 failed to show greater than 

90% of VAC for both behavioural measures. Second, all the eight slope values were 

no greater than .7, which indicates that undermatching occurred. Slope values for 

13 from 16 regression lines were smaller than .6, and those for 9 lines were no 

greater than .5. Comparisons of these values between the two behavioural 

allocation measures demonstrated that the slope values for time allocation were 

higher than those for response allocation with only one exception (Rat L80-2 under 

the Tone condition). Finally, the superimposition of a tone-punishment schedule 

over the reinforcement schedule did not produced any consistent preference shift. 

No preference shift was observed for either Rat L80-1 for either response measure, 

or for Rat L80-2 for response allocation, or for Rat L80-3 for time allocation. A 

preference shift towards overmatching was found for time allocation for Rat L80-2 

and Rat L80-4, whereas a preference shift towards undermatching was obtained for 

response allocation for Rat L80-3 and Rat L80-4.

Group L90

Table 6.10 depicts the summarised data for five variables during the last four 

sessions for each alternative, for each condition, and for each rat of Group L90. 

Table 6.11 shows, the suppression ratio data for each reinforcement schedule for 

each rat.
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Table 6.10
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate

Tone and Changeover (CO) Response Rate per minute in Group L90

Reinforcement Response Rate Time Allocation 
schedule Left Right Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

CO

_RatL90-l Baseline
cone VI150-S VI450-S 45.5 13.8 46.6 11.6 0.4 0.1 -------- -------- 1.7

( 1.57) ( 1.33 ) 1.55 )( 0.20 ) ( 0.01 ) 0.02 ( 0.15)
cone VI150-S VI300-S 40.9 18.7 40.1 18.2 0.30 0.23 -------- -------- 1.9

( 2.15 )( 1.45) 2.69X 1.14) (0.010 ) 0.032 ( 0.06)
cone VI300-S VIlSO-s 31.1 36.4 30.1 29.4 0.20 0.48 -------- -------- 2.2

( 2.19 )( 0.62) 1.13 )( 0.71 ) ( 0.051 ) 0.012 ( 0.14)
cone VI450-S VI150-S 22.0 34.1 31.9 27.9 0.18 0.46 -------- -------- 2.2

( 3.53 )( 1.65 ) 1.05 )( 1.12) ( 0.035 ) 0.062 ( 0.16)
Tone

cone VI150-S VI450-S 44.7 13.5 47.4 11.5 0.44 0.13 0.71 0.69 1.8

( 2.27) ( 1.00 ) 0.64 )( 0.54) ( 0.066 ) 0.021 ( 0.087 )( 0.056 ) (0.11)
cone VI150-S VI300-S 40.3 17.4 43.1 16.4 0.37 0.18 0.93 0.77 1.7

( 2.55 )( 1.93 ) 1.44 )( 1.77) (0.052 ) 0.043 ( 0.085 )( 0.049 ) ( 0.09)
cone VI300-S VIlSO-s 25.8 28.6 33.0 26.7 0.17 0.31 0.78 0.70 2.1

( 0.44) ( 1.39 ) 1.45 )( 1.43 ) (0.012) 0.028 ( 0.025 )( 0.031 ) ( 0.10)
cone VI450-S VI150-S 23.4 39.4 28.6 30.9 0.15 0.44 0.76 0.87 2.0

( 1.30) ( 3.78 ) 2.14 )( 2.21 ) (0.014 ) 0.080 ( 0.026 )( 0.019 ) ( 0.06)
Baseline

cone VI50-S VI150-S 49.3 9.1 43.9 14.6 0.41 0.09 -------- — 1.5

( 1.87) ( 1.36 ) 1.35 )( 1.67) ( 0.031 ) 0.024 ( 0.21)
cone VI50-S VIlOO-s 36.3 13.7 35.2 24.1 0.34 0.20 -------- — 1.5

( 1.98 )( 1.39 ) 2 3 3 X 2.57) ( 0.046 ) 0.035 ( 0.14)
cone VIlOO-s VI50-S 28.7 23.1 23.5 32.1 0.22 0.45 -------- — 2.6

( 1.03) ( 0.89 ) 0.90 )( 0.29) ( 0.028 ) 0.042 ( 0.15)
cone VI150-S VI50-S 15.8 18.2 27.1 32.4 0.18 0.46 -------- — 1.8

( 1.70 )( 0.81 ) 1.42 )( 1.57) (0.012 ) 0.087 ( 0.09)
JRatL90-2 Tone

cone VI50-S VI150-S 37.1 11.2 37.9 20.1 0.42 0.14 0.66 0.70 1.6

( 4.78 )( 0.32) 0.87 )( 1.34) ( 0.070 ) 0.022 ( 0.097 )( 0.054 ) ( 0.03)
cone VI50-S VIlOO-s 31.3 9.4 38.5 20.7 0.34 0.19 0.86 0.78 1.5

( 2.38 )( 0.13 ) 1.06 )( 0.90 ) ( 0.041 ) 0.048 ( 0.079 )( 0.037 ) ( 0.04)
cone VIlOO-s VI50-S 25.0 18.8 28.1 28.7 0.18 0.31 0.73 0.66 1.6

( 1.04) ( 0.80 ) 0.65 )( 1.44) (0.019 ) 0.028 ( 0.045 )( 0.039 ) ( 0.06)
cone VI150-S VI50-S 11.4 17.7 15.7 34.3 0.14 0.46 0.64 0.77 1.4

( 0.53 )( 1.09) 1.06 )( 1.53) (0.016) 0.081 ( 0.066 )( 0.048 ) ( 0.12)
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Table 6.10 (cont'd)
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate

Tone and Changeover (CO) Response Rate per minute in Group L90

Reinforcement Response Rate Time Allocation 
schedule Left Right Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

CO

...KaLL90:4 Baseline
cone VI150-S VI450-S 18.2 9.3 47.3 12.9 0.38 0.11 --- --- 1.3

( 0.84) ( 0.46) 1.12 )( 1.09 ) (0.019) ( 0.013 ( 0.06)
cone VI150-S V1300-S 14.7 12.8 42.4 17.S 0.37 0.16 --- --- 1.3

( 0.3S)( 0.84 ) 1.27 )( 1.26 ) (0.047) ( 0.040 ( 0.02)
cone VI300-S VI150-S 9.2 21.7 24.8 31.6 0.16 0.43 --- --- 1.8

( 0.66 )( 0.9S) 2.77 )( 1.88 ) (0.039 ) ( 0.028 ( 0.03)
cone V1450-S VI150-S S.7 26.7 17.9 41.4 0.18 O.SS --- --- 2.2

( 0.48 )( 2.12 ) 2.77 )( 2.61 ) (0.016) ( 0.07S ( 0.13)
.Ka.LL90.:4 Tone

cone VI150-S VI450-S 16.4 7.S 48.S lO.S 0.46 0.12 0.80 0.S9 1.1
( 0.47 )( 0.72) 1.45 )( 1.17 ) (0.101) ( 0.006 ( 0.0S9 )( 0.033 ) ( 0.09)

cone VI150-S VI300-S 13.0 10.6 41.4 18.1 0.36 0.16 0.84 0.69 1.3
( 1.60 )( 0.90 ) 1.1S)( 1.19 ) (0.033 ) ( 0.021 ( 0.083 )( 0.043 ) ( 0.03)

cone VI300-S V1150-S 9.7 20.0 30.8 28.3 0.20 0.31 0.80 0.69 1.9
( (164) ( 0.63 ) 1.86 )( 1.S6 ) (0.032 ) ( 0.026 ( 0.076 )( 0.061 ) ( 0.06)

cone V1450-S VIlSO-s 7.3 21.7 19.9 38.9 O.IS 0.42 0.64 0.86 1.8
( 1.20) ( 0.68 ) 2.66 )( 3.10 ) (0.014) ( 0.078 ( 0.048 )( 0.013 ) ( 0.22)

JRatL90-4 Baseline
cone V150-S VIlSO-s S6.7 ll.S 49.8 ll.S 0.44 0.08 --- — l.S

( 1.67) ( 1.69 ) 1.67 )( 1.60 ) (0.036 ) ( 0.030 (0.18)
cone V150-S VIlOO-s S1.9 8.0 48.6 11.6 0.36 0.17 --- — 1.2

( 0.77) ( 1.S8) 2.41 )( 2.48 ) (0.046 ) ( 0.034 ( 0.27)
cone VIlOO-s VlSO-s 47.6 30.9 34.8 2S.4 0.22 0.44 --- — 3.S

( 2.27 )( 2.37) 1.94 )( 2.19 ) (0.0S7) ( 0.024 ( 0.16)
cone VIlSO-s VISO-s 20.3 13.7 38.1 21.8 0.19 0.41 --- — 1.9

( 1.30 )( 1.97) 2.14 )( 2.11 ) (0.012) ( 0.072 ( 0.21)
Rat L90-4 Tone

cone VISO-s VIlSO-s 49.7 7.7 SO.S 9.4 0.43 0.12 0.76 0.S9 1.2
( 1.37) ( 0.S4) 0.60 )( 0.47 ) (0.067 ) ( 0.016 ( 0.09S )( 0.060 ) ( 0.07)

cone VISO-s VIlOO-s 30.9 7.0 49.4 10.3 0.38 O.IS 0.92 0.S3 1.0
( 2.26 )( 1.36 ) 1.30 )( 1.69 ) (O.OSO) ( 0.03S ( 0.094 )( 0.068 ) ( 0.16)

cone VIlOO-s VISO-s 43.2 2S.4 39.S 20.7 0.18 0.32 0.78 0.62 2.8
( 1.96 )( 1.36 ) 1.27 )( 1.2S ) (0.016) ( 0.021 ( 0.021 )( 0.021 ) ( 0.13)

cone VIlSO-s VISO-s 34.1 43.S 26.1 33.7 0.13 0.46 0.76 0.88 3.4
( 0.90 )( 1.33) 1.94 )( 1.98 ) (0.016) ( 0.066 ( 0.034 )( 0.031 ) ( O.IS)
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Table 6.11
Suppression ratio for each rat for each reinforcement schedule, and overall four conditions, 

for response rates, and time spent responding in Group L90.

reinforcement L90-1 L90-2 L90-3 L90-4 L90-1 L90-2 L90-3 L90-4
schedule response time

cone VI150-S VI450-S .495 .453 .465 .458 .503 .498 .495 .494
cone VI150-S VI300-S .492 .449 .462 .388 .505 .499 .498 .498
cone VI300-S VIlSO-s .446 .458 .489 .467 .501 .505 .512 500
cone VI450-S VIlSO-s .528 .462 .472 .695 .499 .457 .498 .500

overall .490 .455 .472 .502 .502 .490 .501 ^98
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LOG OBTAINED REINFORCER RATIO

Figure 6.5. Log response ratios (left panels), and log time allocation ratios (right panels) as a function of 
log obtained reinforcer ratios for each rat of Group L90. Details are as in Figure 6.1.
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Figure 6.5 (cont'd). Log response ratios (left panels), and log time allocation ratios (right panels) as a 
function of log obtained reinforcer ratios for each rat of Group L90. Details are as in Figure 6.1.

Three rats showed suppression to some extent for overall response rates. Rat 

L90-2 and Rat L90-3 showed response suppression in every reinforcement schedule. 

The other two rats showed response facilitation under the cone VI 450-s VI 150-s 

schedule, which also generated overall facilitation for Rat L90-4 even though 

response suppression was obtained for this rat under the other three reinforcement 

schedules. For time spent responding, all the suppression ratios were around 0.5, 

which indicate no suppression was observed in terms of time spent responding.

The regression lines according to the GML are shown for each rat, for each 

condition, and for each behavioural measure in Figure 6.5. Three aspects of the
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results should be noted. First, the regression lines for both response measures fitted 

well to each set of data, with an exception for Rat L90-4 for response allocation. The 

VACs for those lines were greater than 93%. Second, all the slope values were 

smaller than .85, which indicates that undermatching was the common result. 

Comparisons of these slope values between two behavioural measures showed no 

consistent result among the subjects. For Rat L90-1, Rat L90-2, and Rat L90-4, slope 

values for response allocation were higher than those for time allocation, whereas 

for Rat L90-3, just the opposite to this was found. Third, a relatively large intercept 

was observed for Rat L90-1, Rat L90-3, and Rat L90-4 for both response measures, 

and also for Rat L90-2 for response allocation. For Rat L90-3, a negative intercept 

was found for response allocation, however a positive value was found for time 

allocation. Finally, the addition of a tone-punishment schedule to the reinforcement 

schedule generated no clear preference shift for Rat L90-1, Rat L90-2, and Rat L90-3, 

whereas a clear preference shift towards overmatching was observed for Rat L90-4 

for both behavioural measures.

Group LlOO

Table 6.12 shows the summarised data for five variables during the last four 

sessions for each alternative, for each condition, for each rat of Group LlOO. Table 

6.13 showed the suppression ratio data for each reinforcement schedule for each rat. 

Because Rat LI00-1 did not respond substantially during the first two stages (cone 

VI 150-s VI 450-s for the Baseline condition, and cone VI 450-s VI 150-s for the Tone 

condition), those data were not shown, however, data for the Tone condition under
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Table 6.12
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate

Tone and Changeover (CO) Response Rate per minute in Group LlOO

Reinforcement Response Rate Time Allocation Reinforcement Rate Tone Rate CO
schedule Left Right Left Right Left Right Left Right

Rat LlOO-1 Baseline
cone VI150-S VI450-S --- --- — — — — --- — —

cone VI150-S VI300-S 20.4 14.7 3S.0 23.2 0.40 0.18 ——— ——— 1.4
0.70) ( 0.68) ( 1.03) ( 1.77) ( 0.02S) 0.031) ( 0.06)

cone VI300-S VIlSO-s 16.2 26.9 19.9 40.1 0.20 0.32 --- --- 1.8
0.72) ( 1.96) ( 1.2S) ( 1.24) ( 0.043) 0.036) ( 0.03)

cone VI450-S VIlSO-s 18.8 36.6 16.9 43.0 0.13 0.S8 --- --- 1.8
1.11) ( 2.63) ( 0.93) ( 0.93) ( 0.014) 0.0S3) ( 0.10)

Rat LlOO-1 Tone
cone VIlSO-s VI4S0-S 29.S 9.3 43.2 13.9 O.SO 0.14 0.72 O.SO 1.0

6.90) ( 2.00) ( 2.49) ( 1.78) ( 0.027) 0.019) ( 0.047 ) ( 0.0S3 ) (0.11)
cone VIlSO-s VI300-S 9.2 3.6 22.8 7.7 0.22 0.13 0.48 0.27 0.4

2.29) ( 1.38) ( S.84) ( 2.73) ( 0.012) 0.031) ( 0.078 ) ( 0.071 ) (0.11)
cone VI300-S VIlSO-s 19.2 22.7 21.2 32.7 0.16 0.26 0.81 0.76 l.S

1.89) ( 1.34) ( 2.72) ( 1.40) ( 0.039) 0.013) ( 0.070 ) ( 0.049 ) ( 0.03)
cone VI4S0-S VIlSO-s

Rat LlOO-2 Baseline
cone VISO-s VIlSO-s 20.0 8.4 43.8 IS.S 0.47 0.14 --- --- 1.8

1.14) ( 0.61) ( 0.92) ( 0.87) ( 0.04S) 0.026) ( O.IS)
cone VISO-s VIlOO-s 19.8 1ST 34.9 21.4 0.36 0.19 --- --- 1.9

0.63) ( 1.04) ( 222) ( 0.97) ( 0.012) 0.028) ( 0.07)
cone VIlOO-s VISO-s 13.4 1ST 23.0 27.6 0.16 0.38 --- --- 1.7

0.49) ( 0.87) ( 0.94) ( 0.91) ( 0.024) 0.0S3) ( O.OS)
cone VIlSO-s VISO-s 18.1 23.6 24.7 30.S 0.10 0.S3 --- --- 2.1

1.10) ( 1.37) ( 1.59) ( 1.41) ( 0.020) 0.0S9) ( 0.04)
Rat LlOO-2 Tone

cone VISO-s VIlSO-s 2S.3 9.6 34.S 19.9 0.47 0.16 0.72 0.63 l.S
2.30) ( 0.S7) ( 2.13) ( 1.34) ( 0.016) 0.021) (O.OSl )( 0.071 ) ( O.OS)

cone VISO-s VIlOO-s 17.8 10.2 32.1 19.0 0.33 0.20 0.81 0.72 1.4
1.SS) ( 1.34) ( 3.0S) ( 3.0S) ( 0.021) 0.0S8) ( 0.069 ) ( 0.0S6 ) ( 0.11)

cone VIlOO-s VISO-s 1S.3 18.2 23.4 30.3 0.16 0.28 0.78 0.84 1.8
1.14) ( 1.29) ( 0.67) ( 1.S6) ( 0.044) 0.012) ( 0.0S7 ) ( 0.047 ) ( 0.08)

cone VIlSO-s VISO-s 12.7 18.4 26.6 30.3 0.14 0.44 0.78 0.86 1.7
1.34) ( 1.04) ( 2.74) ( 2.42) ( 0.021) O.OSl) (0.066 )( 0.036 ) ( 0.10)
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Table 6,12 (cont'd)
Mean (and SEm) of Response Rate, Time Allocation (sec). Reinforcement Rate

Tone and Changeover (CO) Response Rate per minute in Group LlOO

Reinforcement
schedule

Response Rate 
Left Right

Time Allocation 
Left Right

Reinforcement Rate 
Left Right

Tone Rate 
Left Right

CO

Rat LlOO-3 Baseline
cone VI150-S VI450-S 13.S 7.8 49.1 10.6 0.43 0.11 --- --- l.S

0.6S) ( 0.90) ( 1.82) ( 1.76) ( 0.04S) 0.031) ( 0.10)
cone VI150-S VI300-S 13.3 1S.3 41.S 16.9 0.38 0.19 --- --- 1.8

0.46) ( 1.11) ( 0.81) ( 1.00) ( 0.033) 0.028) ( 0.21)
cone VI300-S VIlSO-s 12.7 2S.3 30.0 30.0 0.19 0.39 --- --- 2.4

0.S2) ( 2.84) ( 2.76) ( 2.86) ( 0.040) 0.060) ( 0.10)
cone VI450-S VIlSO-s 13.1 34.3 21.9 38.2 0.10 0.S3 --- --- 2.S

1.11) ( 1.9S) ( 1 .7 8 ) ( 1.76) ( 0.018) 0.062) ( 0.03)
Rat LlOO-3 Tone

cone VI150-S VI450-S 19.9 13.3 4S.6 14.1 0.44 0.18 0.87 0.77 2.3
0.63) ( 0.7S) ( 0.S6) ( 0.S8) ( 0.041) 0.018) ( 0.047 ) ( 0.006 ) ( 0.14)

cone VI150-S VI300-S 12.3 IS.l 41.7 17.8 0.29 0.22 0.84 0.79 1.8
0.94) ( 0.7S) ( 1.23) ( 1.13) ( 0.024) 0.04S) ( 0 .0 6 0  ) ( 0.026 ) ( 0.13)

cone VI300-S VIlSO-s 9.9 21.9 21.9 36.4 0.14 0.3S 0.64 0.8S 2.0
0.70) ( 0.92) ( 1.11) ( 1.36) ( 0.028) 0.034) ( 0.024 ) ( 0.044 ) ( O.OS)

cone VI450-S VIlSO-s 7.8 16.6 31.3 2S.2 0.16 0.41 0.68 0.72 1.6
0.S6) ( 1.33) ( 1.63) ( 0.90) ( 0.012) 0.007) ( 0.047 ) ( O.IOS ) ( 0.13)

Rat LI00-4 Baseline
cone VISO-s VIlSO-s 25.8 8.7 42.0 17.7 0.43 0.11 — --- 1.4

0.87) ( 0.96) ( 1.S8) ( 1.71) ( 0.048) 0.036) ( 0.14)
cone VISO-s VIlOO-s 22.4 14.9 40.S 19.1 0.40 0.23 — --- 1.7

0.70) ( 0.44) ( O.SO) ( 0.S7) ( 0.027) 0.028) ( 0.08)
cone VIlOO-s VISO-s 16.S 19.9 27.0 32.0 0.24 0.32 — --- 1.9

0 7 0  ( 1.22) ( 1.54) ( 1.37) ( 0.033) 0.028) ( 0.15)
cone VIlSO-s VISO-s 13.9 2S.0 22.9 36.6 0.13 O.Sl — --- 1.9

1.84) ( 1.83) ( 2.04) ( 1.90) ( 0.010) 0.026) ( 0.12)
Rat LlOO-4 Tone

cone VISO-s VIlSO-s 20.9 13.7 39.0 21.1 0.48 0.20 0.81 0.71 1.8
0.6S) ( 0.40) ( 0.62) ( 0.66) ( 0.03S) 0.010) ( 0.033 ) ( 0.030 ) ( 0.06)

cone VISO-s VIlOO-s 21.6 10.7 42.2 18.1 0.3S 0.16 0.92 0.66 1.3
1.02) ( 1.22) ( 1.57) ( 1.S6) ( 0.010) 0.0S7) ( 0.077 ) ( 0.037 ) ( 0.10)

cone VIlOO-s VISO-s 9.2 17.6 21.S 34.9 0.14 0.31 0.63 0.73 l.S
0.90) ( 2.22) ( 1.82) ( 1.13) ( 0.028) 0.019) ( 0.049 ) ( 0.063 ) ( 0.09)

cone VIlSO-s VISO-s 11.9 10.9 2S.1 2S.8 0.16 0.31 0.69 0.S6 1.2
3.S1) ( 3.40) ( S.31) ( 3.98) ( 0.037) 0.047) ( 0.133 ) ( 0.102 ) ( 0.30)
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Table 6.13
Suppression ratio for each rat for each reinforcement schedule, and overall four conditions, 

for response rates, and time spent responding in Group LlOO.

Reinforcement
schedule

LlOO-1 LlOO-2 LlOO-3 LlOO-4 LlOO-1 LI00-2 LlOO-3 LlOO-4
response time

cone VI150-S VI450-S --- .552 .609 .501 --- .479 .499 .502
cone VI150-S VI300-S 268 .445 .489 .464 .344 .475 .505 .503
cone VI300-S VIlSO-s .493 .540 .456 424 .473 .514 .493 .489
cone VI450-S VIlSO-s --- .427 .340 .370 --- .508 .484 .461

overall .412 .491 .474 .440 .443 .494 .495 .489
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Figure 6.6. Log response ratios (left panels), and log time allocation ratios (right panels) as a function of 
log obtained reinforcer ratios for each rat of Group LlOO. Details are as in Figure 6.1.

258



RESPONSE ALLOCATION TIME ALLOCATION

RAT LlOO-3

<
CC

LU

LU
C/)
zo
CL
œ
LUce
oo

8
o  BASELINE

y = ,474x - .120(94.4%)
•  TONE

y = .603x- .104(97.1%;

O BASELINE
y = ,675x + .225 (99.7%)

•  TONE
y = 722x + .241

(89.8%) ^ ,4

0

4 o

8

RAT L100-4
8

o  BASELINE
y = .611X + .068(96.2%)

•  TONE
y = .552x + .046 (72.4%),4

0

4

8
8 ,4 0 4 8

o  BASELINE
y = .536x + .096 (95.3%’

•  TONE
y = .641X + .086 

(94.6%

-.4 .0 .4 .8

LOG OBTAINED REINFORCER RATIO

Figure 6.6 (cont'd) Log response ratios (left panels), and log time allocation ratios (right panels) as a 
function of log obtained reinforcer ratios for each rat of Group LlOO. Details are as in Figure 6.1.

cone VI 150-S VI 450-s and the Baseline condition under cone VI 450-s VI 150-s were 

included to obtain the overall suppression ratio.

All the rats showed suppression for overall response rate. Rat LlOO-2 showed 

a discrepant pattern of results, which indicated clear suppression for two pairs of 

reinforcement schedules, and clear facilitation for the other two. For time spent 

responding, it should be noted that Rat LlOO-1 showed clear suppression under the 

cone VI 150-s VI 300-s schedule, at which the suppression ratio was as low as .344. 

It should be also noted that not only for this case, but also for some other cases, the
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suppression ratio in terms of time spent responding noted well under .5.

The regression lines according to the GML are shown for each rat, for each 

condition, and for each behavioural measure in Figure 6.6. Three aspects of these 

results deserve mention. First, the regression lines for both behavioural measures 

fitted well to each set of data in 13 from 16 cases, with greater than 90% of VACs. 

Second, all the slope values were smaller than .8, except for time allocation under 

the Tone condition for Rat LlOO-1, which indicates that undermatching was 

dom inant. Comparisons of these slope values between the two behavioural 

measures revealed that the slope value for time allocation was greater than that for 

response allocation in six from eight cases. Third, a relatively large intercept was 

observed for Rat LlOO-2 and Rat LlOO-3 for both measures. Not only the relatively 

large absolute values of intercept, but also opposite signs of intercept were observed 

for the two measures for Rat LlOO-3; that is, a negative value for response allocation 

and a positive value for time allocation. Finally, the addition of a tone-punishment 

schedule to the reinforcement schedule generated a preference shift towards 

overmatching in six from eight cases. The shift towards the opposite direction was 

obtained in the other two, for Rat LlOO-2 for time allocation, and for Rat LlOO-4 for 

time allocation.

Between-groups comparisons of response data

Figure 6.7 depicts the mean response rate and SE over the last four sessions 

for each group by deprivation level and reinforcement frequency (RICH/ LEAN).
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displays the standard error of mean.

Three aspects of results are evident. First, response rates for three RICH groups 

were much higher than those for three LEAN groups, regardless the reinforcement 

condition. Second, response rates for the lower deprivation groups (RlOO and LlOO) 

were generally lower than those for the middle or higher deprivation groups. 

Finally, response rates during the Tone conditions were lower than those during the 

Baseline condition. A three-way analysis of variance (ANOVA) was conducted on
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these response rate data, with reinforcement schedule (Schedule) and Deprivation 

level (80/ 90/ 100) as between-subjects factors, and Condition (Baseline/ Tone) as 

a within-subjects factor. The ANOVA revealed that the main effects of Schedule 

(F(l,17) = 14.83, p < .01) and Condition (f  (1,17) = 26.65, p < .001) were significant, 

but the main effect of Deprivation level was only on the border for significance (F(2, 

17) = 3.22, p = .065). No interaction proved to be statistically significant {ps > .05).

From the response rate data, the mean suppression ratios and SEs for each 

group are shown in Figure 6.8. Figure 6.8 shows that the mean suppression ratios
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Figure 6.9. The mean time spent responding per minute for each group and each condition (the Baseline 
or the Tone condition) over the last four sessions. RICH: the rich reinforcement groups (filled square), 
LEAN: the lean reinforcement groups (opened square). 80; 90; 100: percentages of ad lib body weight. 
Error bar displays the standard error of mean.

for Group L80, Group L90, Group R90, and Group RlOO were almost of the same 

level and around 0.48, whereas the ratio for Group LlOO was lower, and the ratio for 

Group R80 was higher. A two-way ANOVA on these suppression ratio data with 

reinforcement schedule (Schedule) and Deprivation level (80/ 90/ 100) as between- 

subjects factors revealed that neither the main effects nor the interaction proved to 

be statistically significant (ps > .05).

Figure 6.9 depicts the mean time spent responding and SE, over the last four 

sessions, for each group by deprivation level and reinforcement frequency. These
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Figure 6.10. Suppression ratios according to the time spent responding data for each group and each 
condition (the Baseline or the Tone condition) over the last four sessions. Details as in Figure 6.6.

data were highly similar to those obtained using response rates. Time spent 

responding for three RICH groups was higher than that for three LEAN groups, 

regardless the reinforcement condition. Comparing data for three groups under the 

lean reinforcement schedule, time spent responding varied according to deprivation 

level, just as did the response rate data. However, this tendency was not seen for 

the three groups under a rich reinforcement schedule. Finally, time spent 

responding during the Tone condition was shorter than that during the Baseline 

condition, except for Group R80, which did not show any difference in this measure.
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A three-way ANOVA conducted on the time spent responding data revealed that 

the main effects of Schedule (F(l,17) = 7.48, p < .05) and Condition (f(l,17) = 4.98, 

p < .05) were significant, but the main effect of Deprivation level was only on the 

border for significance (F(2,17) = 3.49, p = .054). No interaction proved to be 

statistically significant (ps > .05).

Figure 6.10 depicts the mean suppression ratio and SE for time spent 

responding. Figure 6.10 shows that no clear suppression was obtained for any 

groups except for Group LlOO, which showed .480-suppression ratio. In other 

words, the extent of suppression for time spent responding was not large as that for 

response rate data. A two-way ANOVA for these data revealed no main effects or 

no interaction (ps > .15).

Between-groups comparisons of sensitivity to reinforcer allocation

Figure 6.11 depicts the mean slope value and SB for response allocation for 

each group, for each condition. Figure 6.11 displays at least three aspects of the 

sensitivity to reinforcement allocation data that deserve comment. First, all the 

mean slope values were lower than 0.8, which clearly indicates that undermatching 

was the common result in this study. Second, the slope values under the 100% and 

80% deprivation levels under the rich reinforcement condition were higher than 

those under the lean reinforcement condition, on the contrary, those under 90% of 

the deprivation level under the rich reinforcement condition were lower than those
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Figure 6,11. The mean sensitivity of response allocation to reinforcement allocation as slope values of the 
regression analyses for each group and each condition. RICH: the rich reinforcement groups (filled 
square), LEAN: the lean reinforcement groups (opened square). 80; 90; 100: percentages of ad lib body 
weight. Error bar displays the standard error of estimation.

under the lean reinforcement condition. Third, except for under the rich 

reinforcement condition at 90%, the other five comparisons revealed the preference 

shift towards overmatching when the tone-punishment schedule was superimposed 

over the reinforcement schedule.

A three-way ANOVA (Condition x Deprivation x Schedule) conducted on 

these slope value data revealed a statistically significant main effect of Condition 

(F(l,17) = 7.46, p < .05), and significant interactions between Deprivation level and 

Schedule (F(2,17) = 4.82, p < .05), between Deprivation and Condition (F(12,17) =
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5.80, p < .05), and all three factors (F(2,17) = 6.44, p < .01). Neither of the other two 

main effects nor the interaction between Schedule and Condition was statistically 

significant (ps > .25). As the interaction of three factors was significant, further 

analyses were conducted to examine the simple interaction effect for each 

reinforcement schedule (Howell, 1992, p. 422). A two-way ANOVA (Deprivation 

X  Condition) on slope values for the three groups under the rich reinforcement 

schedule revealed a significant interaction between these two factors (F(2,17) = 

14.76, p < .001), but neither main effect of Deprivation nor that of Condition was 

proved to be significant. A two-way ANOVA (Deprivation x Condition) on slope 

values for the three groups under the lean reinforcement schedule revealed a 

significant main effect for both Deprivation (F(2,17) = 19.41, p < .001), and Condition 

(F(l,17) = 5.47, p < .05). It revealed that, however, the interaction between these two 

factors was not significant (p > .25).

Figure 6.12 shows the preference shift and SE for response allocation in terms 

of the difference in the slope values between the two conditions. The positive value 

means a preference shift towards overmatching caused by the addition of a tone- 

punishm ent schedule, whereas the negative value shows a shift towards 

undermatching. The third aspect, which was mentioned for slope value data 

(Figure 6.11), may be more clearly shown by Figure 6.12: that is, the preference shift 

towards overmatching when the tone-punishment schedule was superimposed over 

the reinforcement schedule, for the five groups (except Group R80). Meanwhile, 

Figure 6.12 also shows that the lower the deprivation level, the greater the 

preference shift towards overmatching obtained (except for Group R90). A two-way
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and each condition, in terms of the difference in sensitivities of response allocation to reinforcement 
allocation between the Baseline and Tone conditions. Positive values refer to preference shifts towards 
overmatching, and negative values refer to those towards undermatching. RICH: the rich reinforcement 
groups (filled square), LEAN: the lean reinforcement groups (opened square). 80; 90; 100: percentages of 
ad lib body weight. Error bar displays the standard error of mean.

ANOVA on these preference shift data for response allocation, with Schedule and 

Deprivation level as factors revealed a significant main effect of Deprivation (F(2,17)

= 5.79, p < .05), and a significant interaction between these two factors (f  (2,17) = 

6.42, p < .01), but the main effect of Schedule was not significant (p > .35). As a 

significant interaction between the two factors was obtained, further analyses to 

investigate the simple effect of each factor were conducted. The analyses revealed 

a significant main effect of Deprivation level for the rich reinforcement condition 

(f (2,17) = 5.54, p < .05), however the other simple effects were not significant (ps > 

.05).
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Figure 6.13. The mean sensitivity of time allocation to reinforcement allocation as slope values of the 
regression analyses for each group and each condition. Details are as in Figure 6.11.

Figure 6.13 depicts the mean slope value and SE for time allocation for each 

group for each condition. Almost the same aspects of data for response allocation 

were obtained for time allocation data; undermatching; the higher sensitivity under 

the rich reinforcement condition; and, the preference shift towards overmatching 

under 100% and 90% of deprivation levels. Comparing Figure 6.13 with Figure 6.11, 

it should be also noted that the slope values for time allocation were higher than 

those for response allocation in five out of six comparisons (this exception being for 

Group L90. A three-way ANOVA on slope values for time allocation revealed that 

the interaction between Deprivation and Condition was significant (F(2,17) = 6.88,
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Figure 6,14. The mean preference shift caused by the addition of tone-punishment schedule for each 
group and each condition, in terms of the difference in sensitivities of time allocation to reinforcement 
allocation between the Baseline and Tone conditions. Details are as in Figure 6.12.

p < .01), the main effect of Condition was on the border of significance {F{1,17) = 

4.46, p = .050), but neither the main effect of Schedule nor any other interaction was 

significant (ps > .15). Because of the significant interaction of Deprivation and 

Condition, further analyses to explore the simple effect of each factor were 

conducted. However, no significant effect was found for any main effect or 

interaction (ps > .05).

Figure 6.14 shows the mean preference shift and SE for time allocation in 

terms of the difference in the slope values between the Baseline and the Tone 

conditions. The positive value means a preference shift towards overmatching.
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whereas the negative value, a shift towards undermatching according to the 

addition of a tone-punishment schedule. Just as displayed in Figure 6.12 for the 

preference shift for response allocation. Figure 6.14 generally shows that the lower 

the deprivation level was, the greater the preference shift obtained (except for 

Group R90). A two-way ANOVA on the preference shift data for time allocation 

w ith Schedule and Deprivation level revealed that a significant main effect of 

Deprivation level (F(2,17) = 6.89, p < .01), but that neither the main effect of 

Schedule nor the interaction of these two factors proved to be statistically significant 

{ps > .45).

Discussion

The response rate and the time spent responding were affected by three 

factors employed in the current study. First, the reinforcement condition (Baseline 

or Tone) clearly determined the response rate and the time spent responding. That 

is, response suppression through tone-punishment was shown for both response 

measures. Although the suppression ratios in terms of time spent responding were 

close to .5 for the most subjects, the suppressive effect of tone-punishment was 

statistically demonstrated for the both measures. These results provide another 

evidence supporting the suppressive effect of a tone, which has been found in the 

previous Chapters.

Second, the reinforcement frequency also determined the response rate and
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the time spent responding. The richer reinforcement schedules generated the higher 

response rate, and the longer time spent responding within sessions than did the 

leaner reinforcement schedules. These results were observed regardless the 

deprivation level or the Baseline/ Tone condition employed. These data support 

the previous finding that the richer the reinforcement schedule employed, the 

higher the response rate obtained under an open economy (Alsop & Elliffe, 

1988).

Third, the effect of deprivation level on response rate or time spent 

responding was not clearly shown in the current study. Both analyses for the 

response rate and time spent responding data showed marginally a significant effect 

of deprivation level. It should be noted, however, that the response rate for R90 or 

L90 was closer to that for R80 or L80 than that for RlOO or LlOO. This may imply 

that the difference in deprivation level between the groups at 80% and 90% of ad lib 

body weight may not necessarily the same as that between the groups at 90% and 

100% of deprivation level. At least, the response rates for RlOO and LlOO were much 

lower than those for any other groups. Considering these tendencies, along with the 

borderline main effect of deprivation level, these results may imply that the higher 

the deprivation level (i.e. the lower the body weight against the ad lib weight), the 

greater the response rate or the longer the time spent responding.

The extent of tone-induced suppression did not clearly vary either by 

deprivation level or by reinforcement schedule. Neither main effect of Schedule nor 

a significant interaction between this factor and any other factor was obtained for 

the both response measures. The no effect of reinforcement schedule is not
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consistent with the finding from the experiments reported in the previous chapters, 

which have shown that the suppressive effect of a tone is enhanced under a leaner 

reinforcement schedule.

This failure to show the enhancing effect of leaner reinforcement schedule 

may have been caused by the interaction between this factor and deprivation level. 

The suppression ratio for the lean reinforcement schedule at 100% and 80% of 

deprivation level was lower than that for the rich reinforcement schedule for both 

behaviour measures. This difference was not obtained for the pair at 90% of 

deprivation level. However, any conclusion should be reserved here, because these 

tendencies were not confirmed statistically.

The effect of deprivation level on response suppression also was not clearly 

shown. Neither the main effect of Deprivation level nor the interaction of 

Deprivation and Schedule was proved to be significant in this study. This failure 

also may have been caused by the interaction between the two factors, especially the 

results from the groups at 90% of deprivation level, the conclusion should be 

reserved because of no statistical foundation. It should be, however, noted that if 

the effect of deprivation level had been detected, it would have been supported by 

previous studies using an electric shock to punish a single operant (e.g., Azrin, 

Holz, & Hake, 1963; MacDonald & Baron, 1971).

Regarding the sensitivity to reinforcer allocation, four aspects of data should 

be noted. First, the sensitivity to reinforcement allocation was not affected by 

deprivation level. For both behavioural measures, response allocation and time 

allocation, the slope value did not vary systematically as a function of deprivation
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level. This was true not only during the Baseline condition, but also during the 

Tone condition. The only consistent result across the reinforcement schedule, and 

for both behavioural measures, was that the slope values for 80% groups were lower 

than those for the other groups. This aspect should be considered along with 

preference shift caused by punishment, which is discussed in the following section. 

These results support the finding reported by McSweeney (1975), which 

dem onstrated no effect of deprivation level on the sensitivity to reinforcer 

allocation.

Second, undermatching was the dominant result, just as reported in previous 

studies (Baum, 1979; Davison, & McCarthy, 1988; Robinson, 1992). The most 

sensitivities obtained here were lower than 0.8, which is the standard value under 

an open economy estimated by those previous studies. This was true for both 

behaviour allocations. One plausible explanation may be that the number of 

sessions under each condition was not large enough to improve the sensitivities. 

Some stability criterion in terms of responding level and response allocation is 

usually employed for this type of experiment, and most studies give far more 

sessions than eight, which was given in the current study (Davison & McCarthy, 

1988). In addition, this experiment employed random order of reinforcement 

condition (see Table 6.1). For example. Group LlOO received eight cone VI 150-s VI 

450-s sessions followed by eight sessions of cone VI 450-s VI 150-s condition with 

a tone-punishment schedule, and cone VI 150-s VI 300-s sessions afterwards. This 

extreme alternation of reinforcement schedule may have needed a larger number 

of sessions to settle the sensitivity.
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The third distinctive aspect regarding the sensitivities to reinforcer allocation 

is that the sensitivities for time allocation were generally higher that those for 

response allocation. The mean slope values for Group L90 were the exception to 

this tendency. Comparisons in the sensitivity between the two behavioural 

allocation measures have usually found that the sensitivity for time allocation is 

higher than that for response allocation under an open economy (Baum, 1979; Baum 

& Rachlin, 1969; Brownstein & Pliskoff, 1968; Taylor & Davison, 1983; W earden & 

Burgess, 1982; Wald, & Cheney, 1975).

Finally, it should be noted that the preference shift towards overmatching 

was found when the tone-punishment schedule was superimposed over the 

reinforcement schedule. With exceptions to this in Group R80 for response 

allocation, and Groups R80 and L80 for time allocation, the other nine cases showed 

the preference shift towards overmatching. This result is consistent with the finding 

reported by previous studies (de Villiers, 1980; Farley, 1980; Yoshino, 1986). This 

implies that tone-punishment has the similar effect on choice behaviour as 

punishm ent using an electric shock.

Meanwhile, these exceptions above may suggest that the extent of preference 

shift may be determined as a function of two factors: deprivation level and 

suppression level. For both behavioural allocations, a significant main effect of 

Deprivation was obtained, which suggests that the lower the deprivation (the higher 

percentage of the ad lib body weight), the greater the preference shift towards 

overmatching. As one of the factors which were directly manipulated in this 

experiment, was deprivation level, it seems to be reasonable to conclude that the
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deprivation level is the critical factor in determining the extent of preference shift. 

However, further analyses to examine the simple effect of Deprivation 

demonstrated that the deprivation level affected the extent for the preference shift 

only for groups under the rich reinforcement schedule for the response allocation 

data.

Another factor determining the extent of preference shift may be the level of 

response suppression. As discussed above, even though the level of response 

suppression was not necessarily determined by the deprivation level, the extent of 

preference shift may be a side-effect of deprivation level. However, if the 

deprivation level directly determined the extent of preference shift, no difference 

in the preference shift between the two groups at the same deprivation level should 

have been noted. Groups LlOO and RlOO clearly showed a different extent of 

preference shift for both behavioural measures. In the case that response 

suppression was clearly observed, the clear difference in the extent of preference 

shift should be critically noted.

To examine the relationship between the extent of preference shift and the 

suppression level, correlation analyses were conducted between the suppression 

ratio and the extent of preference shift, for the four combinations across the both 

behavioural measures for the 23 rats. The analyses revealed that all the four 

correlation coefficients were negative (-.280 [p > .05] between the response 

suppression and response preference shift, -.446 [p < .05] between the time 

suppression and response preference shift, -.489 [p < .05] between the response 

suppression and time preference shift, and -.540 [p < .05] between the time
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suppression and time preference shift). These results may imply that the greater 

suppression shown, the greater preference shift towards overmatching obtained. 

It should be also noted that the negative correlation was obtained even including 

Groups L80 and R80, who showed the preference shift towards undermatching 

through the addition of a tone-punishment schedule.

This experiment confirmed that tone-punishment clearly has the two effects 

on choice behaviour which have been demonstrated in previous studies (de Villiers, 

1980; Farley, 1980; Yoshino, 1986), response suppression and the preference shift 

towards overmatching when the tone-punishment schedule was superimposed over 

a reinforcement-only situation. The effects of deprivation level on choice behaviour 

were less clear in this study than the tone-punishment effect. The tendencies 

observed were that the lower the deprivation level, the greater the suppression 

obtained, and that the lower the deprivation level, the greater the preference shift 

towards overmatching obtained, however neither of these was confirmed 

statistically.
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CHAPTER 7

Effect of tone-punishment on choice behaviour

under a closed economy

In the past two decades, the economic context has been a major research topic 

in the Behaviour Analysis field; in particular, the effect of closed and open 

economies have been studied (Hursh, 1980; 1984). A closed economy is defined by 

"in operant contexts, the availability of appetitive stimuli only within the sessions, 

as reinforcers, with none provided independently of behaviour on a supplementary 

basis outside of the session", whereas an open economy is defined by "in operant 

contexts, the availability of appetitive stimuli not only as reinforcers w ithin the 

sessions but also, independently of behaviour, on a supplementary basis outside of 

the session (as when percentage of free-feeding weight)" (Catania, 1991, p. G6, 

G25).

The pattern of responding observed under a closed economy is not
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necessarily the same as that observed under an open economy. Notably, under a 

closed economy, response rate does not decrease when the response requirement 

for reinforcement is increased (Collier, Hirsch, & Hamlin, 1972; Collier, Johnson, & 

Morgan, 1992; Cohen, Furman, Crouse, & Kroner, 1990; Hall & Lattal, 1990; Hursh, 

1978; 1980; 1984). For example. Hall and Lattal (1990) trained two pigeons to peck 

a key maintained by variable interval (VI) reinforcement schedules, and found that 

response rates increased as reinforcement frequency decreased in the closed 

economy, whereas there was no systematic change or decrease in response rates in 

the open economy.

Some researchers have investigated response patterns in a choice situation 

under a closed economy, and compared them with those observed under an open 

economy. For example, when a multiple schedule was employed, instead of 

undermatching or strict matching, overmatching has been reported under a closed 

economy (Elliffe & Davison, 1996; LaFiette & Fantino, 1988). In contrast, no 

systematic difference was found between the economies in the performance 

maintained by a concurrent-chain schedule (LaFiette & Fantino, 1989).

Davison and McCarthy (1988, p. 128) reviewed several experiments, 

including their own unpublished data, and concluded that there is no particular 

difference in responding maintained by a concurrent reinforcement schedule under 

a closed economy and an open economy. However, those experimental studies did 

suggest one difference in the performance maintained under the two types of 

economies. Under an open economy, undermatching is the common result, and the 

averaged slope value of the regression line in terms of the Generalised Matching
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Law (i.e. the sensitivity to reinforcement allocation) is estimated around 0.8 (Baum, 

1974a; 1979; Davison, & McCarthy, 1988; Elliffe & Alsop, 1996; Robinson, 1992). On 

the contrary, both the experiments by Baum (1972; 1974b) found strict matching 

under a closed economy. Additionally, Davison and McCarthy (1988) also mention 

their own unpublished experiment under a closed economy, which again showed 

not undermatching but strict matching.

Although similar patterns of data appear to be produced in studies 

employing closed economies, a note of caution should be struck when drawing any 

firm conclusions from these data. Strict matching was reported in only one pigeon 

by Baum (1972), and in a group of wild pigeons by Baum (1974b). Even though 

Davison and McCarthy (1988) also reported strict matching, the data remain 

unpublished. No other systematic experimental studies have been conducted to 

confirm that strict matching occurs under a closed economy.

Aversively motivated behaviour under a closed economy similarly has not 

been investigated intensively. Some studies under the etho-experimental analytic 

approach reported that rats changed their meal pattern when a risky situation was 

introduced in a closed economy situation (Fanselow, Lester, & Helmestetter, 1988; 

Helmestetter, & Fanselow, 1993). Fanselow et al. (1988) used a chained FR; CRF 

schedule and a response-independent random shock strategy, and found that 

introducing the response-independent shock produced re-organisation of rats' meal 

patterns. Helmstetter and Fanselow (1993) employed the same strategy as that in 

the former study, along with manipulating the shock frequencies, and demonstrated 

changes of rats' meal patterns in terms of meal frequency and meal size according
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to the frequency of shock. It should be noted that both experiments found that rats 

maintained their body weight through keeping net intake almost stable, even 

though their meal pattern varied according to each risk situation.

No experimental studies have investigated the effect of a closed economy on 

choice behaviour in concurrent situations. Under an open economy, response 

suppression and preference shift towards overmatching due to the superimposition 

of a punishment schedule over a reinforcement-only situation are typically reported 

(de Villiers, 1980; Farley, 1980; Yoshino, 1986). These two effects were observed in 

the previous experiment employing a loud tone as a positive punisher, especially 

under a leaner reinforcement schedule and low deprivation level. It is not known 

whether the preference shift towards overmatching is found through an addition 

of a punishm ent schedule to a reinforcement-only situation also under a closed 

economy.

The current experiment employed a relatively lean reinforcement schedule, 

and a brief tone as a positive punisher in a concurrent situation under a closed 

economy. The experiment was intended to address three issues; first, to investigate 

whether a positive punisher has the same level of suppressive effect on responding 

under a closed economy as that under an open economy, second, to explore whether 

it is true that strict matching is the common result under a closed economy or not, 

and finally, to examine whether a superimposition of a punishment schedule over 

a reinforcement-only situation produces a preference shift towards overmatching 

under a closed economy just as it does under an open economy.
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M ethod

Subjects. Two male Lister Hooded rats served the current experiment. Both 

subjects had an experimental history (for Group 0.5 in Experiment 3.1), where their 

body weight was kept around 85 % of ad lib feeding under an open economy, and 

they pressed levers to obtain food pellets under a concurrent reinforcement and tone 

punishm ent schedules. Both rats showed response suppression in terms of the 

response rate during the tone sessions divided by the total response rate, and those 

suppression ratios were .392 and .441. The subjects were eight months old at the 

start of the adaptation period described below. Even though no weight control was 

conducted during the experimental stages of the present study, body weight was 

between 408 and 432 g for Rat 1, and between 425 and 449 g for Rat 2, throughout 

the experimental stages. Each animal was housed in an experimental chamber 

described below throughout the experimental period, except for less than one hour 

a day for weighing them and cleaning the chamber.

Apparatus. Two identical large experimental chambers were used, whose 

top view is shown in Figure 7.1. Each chamber consisted of an open field (72 cm by 

48 cm by 30 cm), two response units (16 cm by 20 cm by 20 cm), and a nest box (20 

cm by 16 cm by 14 cm). The floor levels of the response units and the nest were 10 

cm higher than that of the open field. These size of the chamber were generally 

modelled after those employed in the study by Mathis, Johnson, and Collier (1996). 

All components were constructed from clear Perspex panels, apart from the ceiling 

of the open field and the floor of the response units, each of which was constructed
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Figure 7.1. The top view of the experimental chamber employed in this study.

by a metal net panel. Each response unit was attached to the outside of one end of 

the shorter side of the open field. The nest was located on the outside of the centre 

of the longer side of the open field, which was further from the response units. A 

water bottle was available at any time at the centre of the other longer side of the 

open field. Each part of the chamber was connected to the open field by a 7-cm 

diameter entrance hole, through which the rat could come at any time during the 

23-hr sessions.

Each response unit contained a lever, which was permanently inserted into 

the response unit, and a recessed food tray covered by a clear Perspex hinged flap, 

to which a reinforcer, one 45-mg food pellet, was delivered. A speaker (through 

which a tone could be delivered) was mounted on the outside of the ceiling of each 

response unit. The 1 kHz, 105 dB[A] tone was generated by Audio Generator 258 

(Campden Instruments Ltd.). The nest was always covered by cardboard during
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the experimental sessions, so that nothing inside of the nest could be seen from 

outside. Approximately 1280 cubic centimetres of wooden tip bedding was 

provided in the nest and it was exchanged every another day. All other parts of the 

chamber were cleaned during the one hour break everyday.

The chambers were located side by side in a large experimental room, where 

neither masking noise nor sound-attenuating containers were provided. However, 

no particular noise from outside of the room was heard during the experimental 

period. The room had a window, on which a Venetian blind was hung and kept 

half opened. No artificial light was provided except during the one-hour break, but 

natural light could come through the half opened blind.

Procedure. The two months adaptation period was followed by eight 

experimental stages. During the two months adaptation period, one of five 

concurrent VIVI reinforcement schedules was effective; cone VI 60-s VI 60-s; cone 

VI 90-s VI 90-s; cone VI 120-s VI 120-s; cone VI 150-s VI 150-s; and cone VI 180-s VI 

180-s. Since both subjects had lever pressing experience to obtain food pellets, no 

training sessions prior to the adaptation stages were needed. The adaptation stages 

were done to give animals long enough period to acclimatize to the chamber, and 

to find the leanest reinforcement schedule that produced no particular body weight 

changes.

The experimental stages included four stages of eight reinforcement-only 

sessions, and four stages of eight tone-punishment sessions, during which a cone 

VI 60-s VI 60-s tone-punishment schedule was superimposed over each 

reinforcement schedule. The order in which each rat experienced the schedules is
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T a b l e  7 .1
The experimental stage and each experimental condition 

of reinforcement and tone-punishment schedules.

stage Reinforcement
schedule

T one-punishment 
schedule

1 cone VI 90-s VI 180-s
2 cone VI 90-s VI 180-s cone VI 60-s VI 60-s
3 cone VI 240-s VI 80-s
4 cone VI 240-s VI 80-s cone VI 60-s VI 60-s
5 cone VI 80-s VI 240-s
6 cone VI 80-s VI 240-s cone VI 60-s VI 60-s
7 cone VI 180-s VI 90-s
8 cone VI 180-s VI 90-s cone VI 60-s VI 60-s

shown in Table 7.1. The experimental stages started at the middle of March, and 

finished the end of May. Each session started at 4:00 pm (BST), and finished at 3:00 

pm (BST), that is each session lasted 23 hours.

Data collection and analyses. Four aspects of data were collected hour-by- 

hour; the number of responses, time spent responding in terms of the accumulated 

interresponse time excluding those IRTs longer than 60 s, the number of 

reinforcements, and the number of changeover responses. During the tone- 

punishment stages, the number of tone presentations was also counted. Data from 

the last four sessions were used to calculate suppression ratios for three measures; 

the response rate, time spent responding, and the number of reinforcements. Each 

suppression ratio was given by the value of each measure during the tone- 

punishment condition divided by the total of value during the reinforcement-only 

and the tone punishment conditions.

Regression analysis was conducted for each condition of the reinforcement- 

only and the tone-punishment, for each rat according to the Generalised Matching 

Law (GML) given by Equation 7 (p. 30).
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Results

Number o f responses

Figure 7.2 depicts the total number of responses per session, averaged over 

the last four sessions for each reinforcement schedule, for each condition, for each 

rat. Except for the first and the last one hour of the daily session (from 4 pm  and 2 

pm), the remaining 21 hours were divided into seven three-hour blocks. The 

num ber of responses for each block are also shown in Figure 7.2. Figure 7.3 

displays each rat's response pattern in terms of mean number of responses over the 

last four sessions for each condition hour by hour. Table 7.2 shows the suppression 

ratios for each reinforcement schedule for the three behavioural measures.

Rat 1 showed fewer responses under the tone-punishment condition than 

under the reinforcement-only condition in three reinforcement schedules. The 

overall suppression ratio was .458, which indicates response suppression (Table 7.2). 

Under the tone-punishment condition with cone VI 240-s VI 80-s reinforcement 

schedule, where response suppression was not obtained, a large number of 

responses was observed during the time block of 11 am - 2 pm. However, it was 

also true that quite a few responses were observed during this time block under the 

other reinforcement schedules. The tone-induced facilitation under cone VI 240-s 

VI 80-s was observed in the third and fourth experimental stages, as experienced by 

the animal, and the greatest suppression, under cone VI 90-s VI 180-s, was obtained 

over the last two stages of training.
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Table 7.2
Suppression ratio for each reinforcement schedule and overall data in terms of the num ber of responses, 

time spent responding, and the num ber of reinforcement.

Reinforcement

schedule

Response Time spent responding Reinforcement

Rat 1 Rat 2 Rat 1 Rat 2 Rat 1 Rat 2

cone VI 80-s VI 240-s .441 .482 .486 .511 .519 .509
cone VI 90-s VI 180-s .446 .479 .509 .505 .504 .510
cone VI 180-s VI 90-s .432 .606 .445 .490 .455 .502
cone VI 240-s VI 80-s .507 .537 .517 .500 .517 .510

Overall .458 .525 .492 .501 .500 .508
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Figure 7.2. The num ber of responses per session averaged over the last four sessions for each condition 
for each rat. The total num ber of responses consists of nine blocks, two of which (4 pm and 2 pm) refer to 
the num ber of responses during one hour from each time of the day, and the rest of which refer to that 
during three hours. RFT: the reinforcement-only condition, TONE: the tone-punishm ent condition. 80, 240: 
cone VI 80-s VI 240-s, 90,180: cone VI 90-s VI 180-s, 90,180: cone VI 180-s VI 90-s, 240, 80: cone VI 240-s VI 
80-s. The numbers in the parentheses at the bottom of the figure refer to the order of the experim ental stage 
given.

Figure 7.3 shows that Rat 1 had two peak responding periods one around 9 

pm, and one at 3 - 4 am. This responding pattern did not vary across the 

reinforcement/ punishment conditions or the reinforcement schedules. Figure 7.3 

also shows the response facilitation during 11 am - 2 pm under the tone-punishment
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the reinforcement-only condition (RFT), and the filled circle and broken line refer to that during the tone- 
punishment condition (TONE).

condition with conc VI 240-s VI 80-s reinforcement schedule, which is mentioned 

above.

Rat 2 showed response suppression under two reinforcement schedules, 

under both of which the left lever was the richer alternative; whereas, it showed
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response facilitation under the other two schedules, under both of which the right 

lever was the richer alternative. The overall suppression ratio was .525, which 

indicates that overall response facilitation was obtained for Rat 2.

Figure 7.3 shows that Rat 2 had almost a consistent responding pattern 

regardless the reinforcement schedules or the reinforcement/ punishment 

conditions. Rat 2 had three peak responding periods, around 7 -8  pm, 3 - 4  am, and 

10 -11 am.

These results can be summarised as having two main features; first, response 

suppression for the number of responses was found in five from eight comparisons, 

but not necessarily clearly shown across all schedules; and second, each rat 

developed its own responding pattern in terms of meal patterns.

Time spent responding

Figure 7.4 depicts total time spent responding, averaged over the last four 

sessions, for each schedule, for each condition, for each rat. Except for the 

first and the last hour of each session (from 4 pm and 2 pm), the session was 

divided into seven three-hour blocks. Time spent responding during each of 

the block is also shown in Figure 7.4. Figure 7.5 displays each rat's response 

pattern in terms of mean time spent responding, over the last four sessions, for each 

condition, hour by hour.

Figure 7.4 shows that response suppression in terms of time spent 

responding was obtained under two reinforcement schedules (conc VI 80-s VI 240-s
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Figure 7.4. Time spent responding (the accumulated IRT excluding those IRTs longer than 60-s) averaged 
over the last four sessions for each condition for each rat. It consists of nine blocks, two of which (4 pm and 
2 pm) refer to time spent responding during one hour from each time of the day, and the rest of which refer 
to that during three hours. RFT: the reinforcement-only condition, TONE: the tone-punishment condition. 
80,240: conc VI 80-s VI 240-s, 90,180: conc VI 90-s VI 180-s, 90,180: conc VI 180-s VI 90-s, 240, 80: conc VI 
240-s VI 80-s. The numbers in the parentheses at the bottom of the figure refer to the order of the 
experimental stage given.

and conc VI 180-s VI 90-s) for Rat 1, whereas response facilitation was obtained 

under the other two schedules (conc VI 90-s VI 180-s and VI 240-s VI 80-s). The 

overall suppression ratio for the time spent responding was .492, which indicates 

slight response suppression. It should be noted that response facilitation in terms 

of time spent responding was observed under conc VI 90-s VI 180-s, under which 

response suppression was seen in terms of the number of responses emitted.

Figure 7.5 shows almost the same pattern for time spent responding as for the 

number of responses (Figure 7.3). Two peak responding periods, and the invariant 

pattern of responding across the reinforcement schedules, or the reinforcement/ 

tone-punishment condition, were consistent with the responses data. One
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difference in responding pattern between the two sets of data was, that the 

distribution of time spent responding was greater than that of the num ber of 

responses during 8 -11  pm  under conc VI 90-s VI 180-s. This was the condition in 

which the inconsistency in terms of suppression ratio was obtained between the two 

response measures.

Rat 2 showed response facilitation in terms of the time spent responding 

under two reinforcement schedules, under both of which the left lever was the 

richer alternative than the right; whereas, response suppression was noted under 

conc VI 180-s VI 90-s, and neither suppression nor facilitation was observed under 

conc VI 240-s VI 80-s. It should be noted that for the two reinforcement schedules 

in which response facilitation was noted in terms of time spent responding, 

response suppression was observed for the number of responses. On the contrary, 

response facilitation or no response changes for time spent responding was 

observed under the other two reinforcement schedules, where response facilitation 

was observed for the number of responses. Overall suppression ratio for time spent 

responding was .501, which indicates neither response facilitation nor suppression 

occurred for Rat 2.

Figure 7.5 shows that almost the same pattern for time spent responding was 

obtained as for the number of responses (Figure 7.3). Three peak-responding 

periods, and the invariant pattern of responding across the reinforcement schedules, 

or the reinforcement/ tone-punishment conditions, were consistent with the number 

of responses data.
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reinforcement-only condition, TONE: the tone-punishment condition.

These data can be summarised as having two aspects; first, there was almost 

no response suppression for time spent responding for either rats; second, a similar 

pattern for time spent responding, in terms of circadian rhythm was noted as for the 

number of responses emitted by each rat.

292



Local response rate

Figure 7.6 shows local response rates (the number of responses divided by 

time spent responding), as a function of time of the day, over the last four sessions, 

for each lever, each reinforcement schedule, each condition, and each rat. The data 

w ere analysed only for periods, during which longer than 1 min was spent 

responding, so that an extreme result caused by a small denominator may be 

avoided.

The left panel of Figure 7.6 shows that the local response rates for each lever 

for Rat 1 were not necessarily equal to each other. Under conc VI 80-s VI 240-s, the 

local response rate for the left lever (VI 80-s) was higher than that for the right lever 

(VI 240-s). On the contrary, under the other three reinforcement schedules, the local 

response rate for the right lever was higher than that for the left lever. Apart from 

that, no systematic tendency of the local response rate was found in terms of 

circadian rhythm or reinforcement schedule.

The right panel of Figure 7.6 shows that Rat 2 had almost the same tendencies 

for local response rate as Rat 1. Under only one reinforcement schedule, conc VI 80- 

s VI 240-s, was the local response rate for the left lever higher than that for the right 

lever. Under conc VI 90-s VI 180-s, the local response rate for the left lever was 

higher than that for the right lever in the tone-punishment condition, however, the 

rate for the left lever was lower than that for the right lever in the reinforcement- 

only condition. Under the other two reinforcement schedules, the rate for the right 

lever was higher than that for the left lever. No other systematic tendency was 

found.

293



RAT1 RAT2

co n c  V 180-s V 1240-840

20

0

- c o n c  V 180-s VI240-S “  “  LEFT(TONQ

-  - A -  -  RIGHT(TONE)

LU 40

LU 40

co n c  VI90-S V 118 0 -s - c o n c  VI90-S VII 8 0 -s

o
Q_
(/)
LUcr

20

c o n c  V II8 0 -s  VI90-S - c o n c  V II8 0 -s  VI90-S

c o n c  VI240-S V 180-s c o n c  VI240-S V 180-s

20

4pm 8 12cm 412cm 4 8 T2 pm 8 12 pm4pm 8

TIME OF THE DAY
Figure 7.6. The local response rate as a function of time of the day averaged over the last four sessions 
for each lever for each condition for each rat. The local response rate refers to the number of responses 
divided by time spent responding for each one hour. Points with no data refer to the periods, either 
during which no response was emitted, or time spent responding was less 1 min. RFT: the reinforcement- 
only condition, TONE: the tone-punishment condition.

Number o f reinforcements

Figure 7.7 depicts total number of reinforcers per session, averaged over the 

last four sessions for each schedule, for each condition, for each rat. Except for the 

first and the last hour (from 4 pm and 2 pm), the hours were divided into seven
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Figure 7.7, The number of reinforcements per session averaged over the last four sessions for each 
condition for each rat. The total number of reinforcements consists of nine blocks, two of which (4 pm and 
2 pm) refer to the number of reinforcements during one hour from each time of the day, and the rest of 
which refer to that during three hours. RFT; the reinforcement-only condition, TONE; the tone-punishment 
condition. 80,240: conc VI 80-s VI 240-s, 90,180: conc VI 90-s VI 180-s, 90,180: conc VI 180-s VI 90-s, 240, 
80: conc VI 240-s VI 80-s. The numbers in the parentheses at the bottom of the figure refer to the order of 
the experimental stage given.

three-hour blocks. The numbers of reinforcements for each block are also shown in 

Figure 7.7.

For Rat 1, the addition of a tone-punishment schedule did not generate a 

decrease in the number of reinforcements obtained, except under conc VI 180-s VI 

90-s. Despite the response suppression in terms of the number of responses made 

under conc VI 80-s VI 240-s, and conc VI 90-s VI 180-s, the number of reinforcements 

obtained was almost the same or even larger in the tone-punishment condition than 

that in the reinforcement-only condition. The overall suppression ratio for the 

number of reinforcements was .500, which indicates that Rat 1 obtained almost the 

same number of reinforcements during both reinforcement conditions.
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Almost the same tendency for Rat 2 was found as that described above for 

Rat 1. Regardless of whether response suppression or facilitation for the number of 

responses was noted, the number of reinforcements obtained was similar for both 

reinforcement-only and tone-punishment conditions. For example, almost the same 

number of reinforcements was obtained for both conditions under conc VI 180-s VI 

90-s, under which the greatest response facilitation was found in terms of the 

number of responses. Overall suppression ratio for the number of reinforcements 

was .508, which indicates that Rat 2 obtained even more reinforcements during the 

tone-punishment condition than during the reinforcement-only condition.

Number o f  responses per reinforcement

Figure 7.8 depicts the number of responses per reinforcement averaged, over 

each block of two sessions, for each reinforcement schedule, for each condition, for 

each rat. The data are shown as a function of the order of the experimental stages.

The number of responses per reinforcement decreased according to the 

experimental phase for Rat 1. In the first experimental stage under conc VI 90-s VI 

180-s, the number of responses per reinforcement was greater than 30, but it 

decreased to 15 at the end of the stage under conc VI 180-s VI 90-s. Comparisons of 

the number during the last two blocks for each condition, during which the other 

aspects of data were mainly analysed, revealed that the num ber of responses per 

reinforcement in the tone-punishment condition (opened triangles) was lower than 

that in the reinforcement-only condition (opened circles) with only one exception 

for block 3 under the conc VI 240-s VI 80-s reinforcement schedule.
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Rat 2 showed a somewhat different pattern of data from Rat 1, although the 

general decreasing trend for the number of the responses per reinforcement 

according to the blocks was observed. The number of the responses per 

reinforcement in the tone-punishment conditions (filled triangles) was lower than 

that in the reinforcement only conditions (filled circles), when the reinforcement rate 

for the left alternative was higher than that for the right alternative. On the 

contrary, the tone-punishment condition was higher than the reinforcement-only 

condition, when the reinforcement rate for the left lever was lower than that for the 

right lever. Generally, the numbers of response per reinforcement for Rat 2 were 

higher than those for Rat 1 throughout most of the conditions.
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S ensitiv ity  to reinforcement allocation: overall results

Figure 7.9 shows all eight regression lines according to the Generalised 

Matching Law for each response measure, each reinforcement/ tone-punishment 

condition, and each rat. Table 7.3 summarises the slope values of these lines, and 

also shows the differences of the slope values for each response measure and each 

rat. All regression lines fitted to each set of data very well, and their %VACs were 

no smaller than 98.0%.

Three aspects of data from the regression analysis are worth mention. First, 

a difference in the slope values between the two response measures was found. For 

response allocation, the slope value or the sensitivity to reinforcement allocation was 

1.213 indicating that overmatching occurred during the reinforcement only 

condition, whereas, for time allocation, it was 0.941 showing undermatching or 

nearly strict matching. The larger sensitivity for response allocation than that for 

time allocation was not affected by the superimposition of a punishment schedule. 

That is, not only under the reinforcement-only condition, but also under the tone- 

punishment condition, the sensitivity for response allocation was higher than that 

for time allocation (1.005 and 0.941, respectively). Second, it was common for both 

response measures that the punishment schedule made the sensitivity higher. For 

response allocation, the slope value increased from 1.213 to 1.309, and it increased 

from 0.941 to 1.005 for time allocation. It is noted that the preference shift for 

response allocation was larger than that for time allocation, and that a larger range 

of the slope values for response allocation than that for time allocation was obtained. 

Finally, a common result observed for both behavioural measures was
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denotes data during the tone-punishment sessions. Solid lines show fitted least squares regression lines 
during the reinforcement-only sessions, broken lines show those during the tone-punishment sessions. 
Diagonal dotted line denotes the strict matching. Equations of the regression analyses are also given with 
the variances of accounted for in parentheses.
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Table 7.3
Summary of the slope values in terms of the Generalised Matching Law.

RFT: during the reinforcement-only condition, PNT: during the tone-punishment 
condition, DIF; the difference in slope values between the two conditions.

Rat RFT PNT DIF

Response allocation
1 1.213 1.309 + .096
2 1.165 1.499 + .334

Time allocation
1 0.941 1.005 + .064
2 1.024 1.138 + .114

that there was a negative value of the intercept of the regression lines, indicating 

response bias towards the right alternative.

All three aspects of the results from the regression analysis for Rat 1 were 

found also for Rat 2: overmatching for response allocation under both conditions; 

nearly strict matching for time allocation under the reinforcement-only condition; 

and overmatching under the tone-punishment condition for time allocation. 

Preference shift towards overmatching was also observed for both response 

measures. The extent of the preference shift for Rat 2 was larger than that for Rat 

1, for both response measures. Furthermore, the negative value of intercept also 

was a common aspect to the results for the two rats.

Sensitiv ity  to reinforcement allocation: changes w ith in  a day

The left panels of Figure 7.10 show slope values of the regression lines based 

on the GML by block of three hours for each response measure for Rat 1. During the 

reinforcement-only condition, the slope was initially high and gradually decreased 

to its lowest at the 8 am block. However, it recovered immediately up to almost the 

same level as during the first block. This tendency was common for
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Figure 7.10. The slope values of the regression lines based on the generalised m atching law as a function 
of blocks of three hours for each response m easure for each condition for each rat. The opened circle and 
solid line refer to the data during the reinforcement-only condition (RFT), and the filled circle and broken 
line refer to those during the tone-punishm ent condition (TONE).

both response measures. On the contrary, there were few systematic changes 

observed in the slope values during the tone-punishment condition, and this kept 

almost the same level throughout the day. Due to the decrease across the blocks 

during the reinforcement-only condition, the slope value during the tone- 

punishm ent condition was almost consistently higher than that during the 

reinforcement-only condition.

The analysis of the slope value per block for Rat 2 revealed two tendencies. 

First, for both measures, the slope value during the tone-punishment condition was 

always higher than that during the reinforcement-only condition. Second, slope 

values gradually increased and then decreased with a peak around 2 am during the 

reinforcement-only condition, and 5 am during the tone-punishment condition.
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However, these changes in the sensitivity according to time of the day were not as 

clear as those noted for Rat 1.

Discussion

The results regarding response suppression can be summarised as showing 

two main features: First, response suppression was not very clearly shown in this 

experiment. Rat 1 showed response suppression in terms of the number of 

responses, however, this was not necessarily true for time spent responding. For 

Rat 2, little suppression was noted, and even the response facilitation was seen for 

the number of responses. Concerning time spent responding. Rat 2 spent almost the 

same length of time for responding in reinforcement-only and tone-punishment 

sessions. It should be noted that both rats showed response suppression in terms 

of the number of responses in an experiment under an open economy (Experiment 

3.1), and the suppression ratios for each rat in this former experiment were .392 and 

.441, respectively.

Second, neither rat lost much reinforcement under punishment condition. 

In other words, they obtained almost the same amount of reinforcement throughout 

the experiment in both the reinforcement-only and the tone-punishment conditions. 

This was the case, even when suppression in terms of the number of responses, was 

observed for both rats under cone VI 80-s VI 240-s and cone VI 90-s VI 180-s 

schedules. In fact, under these conditions the numbers of reinforcement obtained
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under the tone-punishment condition were even higher than those under the 

reinforcement-only condition.

Two reasons why response suppression was not so clear under a closed 

economy, even though the same animals showed clear suppression under an open 

economy with same tone, should be noted: First, a habituation process; and second, 

the effect of type of economy. It is not plausible, however, that a habituation 

process should have weakened the suppressive effect of tone in this study for two 

reasons. First, Rat 1 showed facilitation under a cone VI 240-s VI 80-s reinforcement 

schedule, and showed suppression in the rest of the condition. The condition, under 

which Rat 1 showed facilitation, was given as the third and fourth phases of the 

experiment for that rat. If habituation had happened, response facilitation should 

have been shown in the later experimental stages. Second, Rat 2 also showed 

facilitation under two reinforcement schedules, under which the right lever was the 

richer reinforcement alternative, and showed suppression under the remaining two 

conditions. Exactly the same reasoning can be applied to this case; that is, the order 

of experimental stage did not affect the suppressive effect of the tone. Therefore, it 

is not likely that a habituation was the reason for the lack of clear response 

suppression.

The second explanation concerns the difference in the type of economy. A 

closed economy sometimes generates quite different patterns of responding from 

an open economy (Collier et al., 1972; Foster, Blackman, & Temple, 1997; Hall & 

Lattal, 1990; Hursh, 1978; 1980). The response rate under a closed economy is 

usually higher than that under an open economy when the reinforcement schedule
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is lean (Hall & Lattal, 1990; Hursh, 1978), or when the requirement of responding 

for reinforcement is high (Collier et al., 1972; Foster et al., 1997). Under a closed 

economy, subjects have to respond to some extent to keep their body weight high, 

as a closed economy gives no supplemental feeding outside of the experimental 

session. This requirement may cause responding to be maintained to a much higher 

degree under a closed economy than under an open economy, even though the same 

reinforcement schedule is employed.

This explanation of the relatively higher response rate under a closed 

economy than under an open economy, also suggests that the same positive 

punisher may be less effective under a closed economy than under an open 

economy. Subjects have to obtain enough food to survive, even though they also 

have to receive punishment through their responding. The current result, showing 

not particularly clear response suppression, may be also explained by this process.

This explanation seems to be plausible when it is noted that no reinforcement 

was lost, even when response suppression was observed under two reinforcement 

schedules. This finding and explanation support some previous studies (Collier, 

1981; Fanselow, et al., 1988; Helmestetter, & Fanselow, 1993). The two experimental 

studies employing an electric shock as a punisher showed a change in the rats' meal 

pattern, as well as keeping their body weight unchanged (Fanselow, et al., 1988; 

Helmestetter, & Fanselow, 1993). Collier (1981) claimed that subjects choose 

behaviours and food items to maximize calories and nutritive quality relative to the 

time and energy spent obtaining them. This idea is consistent not only with the 

aversively motivated behaviour observed in the current study, and in the previous
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two experiments employing shock (Fanselow, et al., 1988; Helmestetter, & Fanselow, 

1993), but also for most studies that use reinforcement schedules only (Collier et al., 

1972; Hall & Lattal, 1990; Hursh, 1978; 1980; 1984).

The current data also suggest that each rat developed its own pattern of 

responding that kept the number of reinforcements obtained almost constant across 

the conditions and reinforcement schedules. First of all, the meal pattern for each 

rat was consistently shown across all of the conditions and schedules for each rat. 

Rat 1 had two meals a day, whereas Rat 2 had three meals. Apart from the meal 

frequency. Rat 1 developed a pattern of responding, in which it pressed the lever 

w ith lower local response rate more often under the tone-punishment condition 

than under the reinforcement-only condition. This responding pattern gradually 

developed over exposure to the experimental stages. This could have been achieved 

because the reinforcement contingency was a VI schedule, and the interval between 

reinforcements was not very short, so, even though the local response rate 

decreased, it would not necessarily cause a decrease in obtained reinforcement. On 

the contrary. Rat 2 showed a less effective pattern than Rat 1 in terms of the ratio of 

the num ber of responses per reinforcement. Rat 2 developed two different 

responding patterns according to which lever gave more reinforcement. W hen the 

left lever was the richer alternative, the ratio was lower during the punishment 

conditions than during the reinforcement-only conditions, just as shown for Rat 1. 

In contrast, the opposite behavioural pattern was observed when the right lever was 

the richer alternative.

In total, these considerations reveal that both rats showed quite similar
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behavioural patterns (unless, for Rat 2, the right lever was the richer alternative); 

that is: response suppression in terms of the number of responses, almost the same 

amount of time spent responding for reinforcement-only and tone-punishment 

sessions, almost the same number of obtained reinforcement for both conditions, a 

larger number of responses per reinforcement in the reinforcement-only condition 

than in the tone-punishment condition, and higher local response rates during the 

reinforcement-only condition than during the tone-punishment condition. 

Meanwhile, the suppressive effect of tone-punishment seems to be slightly less 

effective on responding under a closed economy than that under an open economy.

Regarding the regression analyses, three aspects of results are worth mention: 

the sensitivity to reinforcement allocation under the reinforcement-only situation; 

the preference shift caused by the superimposition of the tone-punishment schedule; 

and two behavioural allocation comparisons.

First, the present data confirmed that strict matching or even overmatching 

rather than undermatching is the predominant result under a closed economy. For 

both rats, and for both behaviour allocation measures, the slope value under the 

reinforcement-only condition was around 1.0. It should be noted that very clear 

overmatching was observed for both rats for response allocation, where the slope 

values were 1.213 and 1.165, respectively. These values are quite rare under an 

open economy, and much higher than the value (0.8) usually estimated under such 

an open economy (Baum, 1974a; 1979; Davison, & McCarthy, 1988; Elliffe & Alsop, 

1996; Robinson, 1992).

Considering the present experimental situation employed, there are at least
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three possible reasons why strict matching, or overmatching, was found under a 

closed economy. First, the frequency of the reinforcement schedule was relatively 

low. However, this may be largely discounted as an explanation, because it has 

been demonstrated that the overall reinforcement rate has no effect on the sensitivity 

to reinforcement allocation (Fantino, Squires, Delbriick, & Peterson, 1972). In some 

cases, a leaner reinforcement schedule even detracts from sensitivity to 

reinforcement allocation (Alsop & Elliffe, 1988; Davison, 1988).

Second, it could be that the size of the chamber employed here was larger 

than that of the standard operant chamber. Not simply the size of the chamber but 

changeover requirement should be considered in this context. A COD requirement 

is considered as a basic procedure necessary to generate the matching relation (e.g., 

Baum & Rachlin, 1969; Brownstein & Pliskoff, 1968; Catania, 1966; Herrnstein, 1961). 

Even though there have been controversial findings concerning the effect of the 

length of COD (Baum, 1974a; Davison & McCarthy, 1988; Shull & Pliskoff, 1967), the 

explanation of the higher sensitivity by COD requirements is feasible because other 

studies employing similar procedures of changeover requirement to that in this 

study also reported high sensitivity to reinforcement allocation or overmatching 

(Baum, 1982; Davison, 1991a; Jones, & Davison, 1996; Pliskoff, Cicerone, & Nelson, 

1978; Silberberg & Fantino, 1970; Todorov, 1971). Baum (1982) compared the effect 

of three levels of changeover travel in terms of a block and its height between the 

alternatives. Pigeons had to pass over the block in order to change over the 

alternatives. It was found that the two higher requirement conditions for 

changeover produced strong overmatching, and the low requirement resulted in
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underm atching or strict matching. Todorov (1971) arranged a punishment 

contingency of an electric shock or time-out upon a changeover response, and found 

that higher the intensity of electric shock, the higher the obtained sensitivity, and 

that the contingency of a timeout period also made the sensitivity higher. No 

systematic manipulation was conducted in the current study in terms of changeover 

requirement, however, the larger chamber required rats to take a certain amount of 

time and effort to changeover between the alternatives. Considering the higher 

sensitivities obtained in these studies, it is quite likely that the larger chamber, and, 

therefore, the relatively higher requirement for changeover, produced the higher 

sensitivity to reinforcement allocation in this study.

Finally, the economic context itself may have produced the higher sensitivity 

noted here. Both studies exploring the effect of a closed economy on responding 

maintained by a concurrent schedule demonstrated strict matching (Baum, 1972; 

1974b). Some other studies using a closed economy with a multiple schedule have 

also reported the preference shift towards the richer component and overmatching 

(Elliffe & Davison, 1996; LaFiette & Fantino, 1988). These studies strongly imply 

that the higher sensitivity observed in this study for both rats was caused in part by 

the closed economy.

The second distinctive aspect of the results concerning the regression 

analyses in this experiment is that punishment made the sensitivity to reinforcement 

allocation higher; that is, a preference shift towards the richer alternative was 

observed. The preference shift was obtained not only for response allocation, but 

also for time allocation. This result confirmed that the effect of punishment on
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choice behaviour maintained by a concurrent schedule under a closed economy is 

similar to that under an open economy (de Villiers, 1980; 1982; Davison & 

McCarthy, 1988; Farley, 1980; Yoshino, 1986). It should be noted that the preference 

shift towards overmatching was found even when overmatching has been already 

obtained under the reinforcement-only situation. This may imply that regardless 

of the extent of sensitivity during a reinforcement-only situation, the addition of a 

punishm ent schedule generally produces the preference shift towards the richer 

alternative.

Meanwhile, it should be noted also that for both rats the extent of the 

preference shift for response allocation was larger than that for time allocation: 

overmatching was obtained for response allocation, and almost strict matching was 

obtained for time allocation; and, the shift caused by the addition of tone- 

punishm ent was greater for response allocation than for time allocation. The 

comparison of these two behavioural allocation will be discussed more detail below.

A problem concerning the preference shift remains; that is, the relationship 

between the extent of suppression and the extent of preference shift. If punishment 

produces a preference shift towards overmatching, the preference shift could be 

correlated with suppression. However, the extent of suppression for Rat 1 was 

greater than that for Rat 2, on the contrary, the extent of preference shift for Rat 1 

was smaller than that for Rat 2. This was true for both behavioural allocation 

measures. Contrary to these current data, de Villiers (1980) demonstrated that as 

the intensity of electric shock increases, the preference shift towards overmatching 

becomes greater. Yoshino (1986) examined the relationship between the extent of
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the suppression ratio and the preference shift through data from four rats, and 

found a weak negative correlation between them. Furthermore, the present Chapter 

6 found that the preference shift has a negative correlation with the suppression 

ratio.

One possible explanation of the contradictory data from the present study 

compared to those from the previous studies concerns the difference of the economic 

context in these studies. As discussed above, the same positive punisher may be 

less effective under a closed economy than under an open economy. It is plausible 

that different processes determine the relationship between suppression and 

preference shift under the two types of economy. However, in the absence of 

further data it would be unwise to speculate further.

In total, this study revealed three differences in choice behaviour under a 

closed economy relative to previous studies using an open economy, and also 

demonstrated one common effect of punishment. The suppressive effect of 

punishment may be less pronounced under a closed economy than under an open 

economy, strict matching or overmatching is the predominant result under a closed 

economy instead of undermatching under an open economy, sensitivity to 

reinforcement allocation for response allocation is higher than that for time 

allocation, and the superimposition of a punishment schedule over reinforcement- 

only situation produces the preference shift towards overmatching regardless of the 

type of economy.
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CHAPTER 8

Comparisons of the two models of punishment,

and two behavioural measures

The current thesis is discussing three main issues following the establishment 

of the aversive properties of auditory stimuli. The first was to compare the effects 

of an open economy and a closed economy on choice behaviour in a concurrent 

(cone) schedule (Baum, 1972; 1974b; Davison & McCarthy, 1988), along with the 

effects of motivational level under an open economy (Davison & McCarthy, 1988; 

McSweeny, 1975). The second was to explore which of two behavioural measures 

can be considered as the more fundamental index of choice behaviour: response 

allocation or time allocation (Baum & Rachlin, 1969; Davison, 1991; Davison & 

McCarthy, 1988; Hunter & Davison, 1982). The last main issue was to investigate 

which model of punishment more accurately describes and predicts behaviour in
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aversive choice situations: the additive model (A model) of punishment (Deluty, 

1976; Deluty & Church, 1978), or the subtractive model (S model) of punishm ent (de 

Villiers, 1980; Farley & Fantino, 1978). Concerning the first issue, results of the 

effect of types of economies and deprivation levels on choice behaviour were 

obtained and discussed in the last two chapters. However, the latter two issues so 

far have received little discussion. This chapter will first discuss the models of 

punishm ent, followed by the issue of two behavioural measures, giving 

mathematical consideration and empirical analyses to both issues.

1. Comparison of the two models of punishment

1.1 Three remaining problems

The claim that the S model is an appropriate model of punishment 

concerning choice behaviour under cone VI VI schedules was based on the 

consistency of its prediction with the obtained results (de Villiers, 1980; Farley, 

1980). However, as discussed in Chapter 1, at least three problems remain to be 

resolved concerting this matter: that is, the failure to describe data by the S model; 

the inconsistency of prediction made by de Villiers (1980) and Farley (1980) and the 

description of the data (Yoshino, 1986); and the contradictory results of preference 

shift towards overmatching versus undermatching (Bradshaw, Szabadi, & Bevan, 

1979). Concerning the last issue, a preference shift towards overmatching can be
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considered as the common result under punishment compared to that noted under 

reinforcement-only situations, at least for non-human subjects. Meanwhile, further 

experimental studies are needed to examine if a preference shift towards 

underm atching is the common result for hum an subjects. The other two 

problematic issues directly relate to the estimation of parameter a in the two models 

(Equations 10 and 11). To facilitate discussion on this issue, mathematical 

manipulations of the two models will be conducted in the next section.

1.2 Mathematical properties of the two models

Two mathematical restrictions in Equations 10 (the equation of the A model) 

and 11 (the equation of the S model) may be considered concerning the param eter 

a . First, the parameter a should have a positive value in these equations because 

it was originally introduced as a parameter to show the effect of punishm ent on 

responses relative to that of reinforcement, in other words it was a ''negative food 

unit" (Farley & Fantino, 1978). Furthermore, when a takes a negative value, the 

theoretical background of each model has no meaning. The competing response 

theory, on which the A model is theoretically based, suggests that punishm ent 

indirectly reinforces other responses than the punished response. If a was negative 

in Equation 10 (the A model), the equation means that punishm ent would subtract 

the am ount of punishment from the reinforcing value of the other alternative. 

Similarly, the symmetrical law of effect, on which the S model is based, suggests
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that punishment directly subtracts some reinforcement value from the alternative 

to which the punishment is applied. If a was negative in Equation 11 (the S model), 

the equation suggests that punishment would add some reinforcing value to the 

alternative.

Second, when no suppression was observed, or no punishment schedule was 

employed. Equations 10 and 11 are identical to each other, and, also identical to the 

GML (Equation 7). This requires that the parameter a should not be zero if either 

of the two equations is to be taken as the appropriate model of punishment. On the 

basis of these two restrictions, a should be larger than zero.

To show the mathematical properties of these models, regression analyses 

using the response allocation data from the experiment reported in Chapter 7 were 

conducted. Figure 8.1 depicts the slope values estimated by the two models of 

punishment (Equations 10 and 11), with a in the range, 0 to 1.5. The m iddle and 

bottom  panels of Figure 8.1 display the intercept and the variance accounted for 

(VAC). Figure 8.1 clearly show the completely different results in slope values 

produced by the two models as a function of a . Three aspects of these data should 

be noted. First, the S model failed to describe the data with the range of a between 

0.6 and 0.8. As noted in the discussion by Davison and McCarthy (1988, p. 132), the 

S model described the negative reinforcer ratio, which cannot be given a value by 

a logarithmic function. Second, the range of slope values produced by the A model 

is surprisingly large. With no smaller than 0.2 of a for Rat 1, and 0.1 of a for Rat 

2, the slope value produced by the A model is in excess of 2.0, which, supposedly, 

has not been reported by any study employing cone VIVI schedules. Furthermore,
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Figure 8.1. Slope values, intercept, and variance of accounted for as a function of a  within the range of 
0 to 1.5. The additive model (the left panels) and the subtractive model (the right panels) described the 
data of Rati and Rat2 from a closed economy experiment in Chapter 7.

between 1.0 and 1.1 of a for Rat 1, and between 0.9 and 1.0 of a for Rat 2, the slope 

value predicts by the A model turns negative with a large absolute value. Third, 

and presumably most importantly, is the opposite direction of change in slope 

values produced by the two models. Slope values according to the S model 

decreased as a function of a up to 0.5, whereas those according to the A model
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increased within this range. It is strongly suggested that the S model has a tendency 

to describe a preference shift towards undermatching, whereas the A model 

predicts a shift towards overmatching, as a property of their mathematical 

functions. In the respect of intercept and VAC, the two models did not show such 

large differences as those noted for the slope values.

These analyses revealed that the validity of these two models in terms of 

consistency of prediction and description, critically relies on the estimation of the 

value of a. If it is to be assumed that either or both models are appropriate to 

describe data during punishment, it has to be assumed that the value a is no larger 

than 0.5 for both rats; because above 0.5, the S model failed to describe the data, and 

the A model described extreme slope values.

1.3 Solution of the estim ation of a

Mathematical manipulations may give a plausible solution for the critical 

issue of the estimation of a. When two alternatives are arranged during 

reinforcement, the absolute response rate may be described by Equations 23 and 24,

B (23)

k R ,

where Bi and Bz denote numbers of responses, or the amount of time spent 

responding, to each alternative, and Ri and Rz denote the number of reinforcement
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obtained for each alternative. Re refers to rate of reinforcers from sources other than 

that arranged by an experimenter (Ri and R2), and /c is a constant for a particular 

subject and a particular response type. These equations can be considered as 

variations of Hermstein's hyperbola (Herrnstein, 1970). Simple manipulation of 

adding up these two equations side by side deletes parameters k and Re, which 

cannot be specified empirically or mathematically, and this manipulation produces 

Equation 25,

Equation 25 is arithmetically identical to Equation 5, which is one of the forms of the 

strict matching law (Equation 3).

When a constant / is given to Equation 25,

another two equations referring to the relationship between reinforcer rate and 

response rate for each alternative are obtained.

(27)

^2 = ( ^2- (28)

When these two equations are summed. Equation 29 is obtained.
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B1+B2 = + (29)

Equation 29 can be considered to describe a function between overall reinforcer rate 

and overall response rate in cone VIVI reinforcement schedules.

Interestingly, I refers to the number of responses per reinforcer under cone VI VI

schedules in Equation 30, which is a modified form of Equation 29. Equation 30 

may also refer to how many responses each reinforcer can produce for a particular 

subject under a particular set of cone VIVI schedules. It should be mentioned that 

the value of constant / is mathematically given by this equation when a set of 

empirical data is available.

Similarly, the relationship between overall reinforcer rate, overall response 

rate, and overall punishment rate during punishment under cone VT VI schedules, 

are given by Equations 31 and 32, which are based on the A model and the S model, 

respectively,

Bj + B2 = w [(Ri + R2) + P2)]/ (31)

B1 + B2 = m[(R^+ R2) - a g + P2)]' (32)

where Bi', B2', Ri' and R2' refer to the same variables as those in the above equations, 

but during punishment, pi and p2 denote punishment rates in each alternative, and 

m  is a constant for / in Equation 29. a  a  and a s  are the target parameters to be 

estimated in the A model and S model, which are considered to denote a scale of
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"the effect of a constant-intensity punisher to the effect of a constant-value positive 

reinforcer" (Davison & McCarthy, 1988, p. 130) or 'negative food unit' (Farley & 

Fantino, 1978).

W hen both pi and p i are zero, which means no punishment is arranged. 

Equations 31 and 32 are identical to Equation 29. This implies that the constants / 

and m m ust be identical regardless of the a a  or as value when the set of 

reinforcement schedules is identical in both situations. This also implies that the 

param eter / or m is the empirical constant referring how many responses can be 

m ade by a specified pair of VI VI schedules. As / is obtained by Equation 30, a a  

and as will be also given by Equation 33 or 34 for a set of data during punishment.

I (Pi * Pi) '

(34)

( (P rP ^

It should be noted that a a  and as have the same absolute value, and just the 

opposite sign to each other. It should be noted also that a negative a a  or as does 

not mean response suppression, but rather facilitation because of the reasons 

discussed in the previous section (Section 1.2).

The constants of /, a a , and as in Equations 33 and 34 have theoretical 

meaning, which is shown by Equations 35 and 36,

B^ + B2~ I {Ri + R2) (35)
'

F1 +F2
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' “ s ' -----------J— r ------■ (36)
Pl*P2

According to Equation 30, the product of I and the sum of Ri' and Rz' may denote 

the possible number of responses which are expected under the given num ber of 

reinforcers, with the estimated / under reinforcement. Therefore, the num erator of 

Equations 35 and 36, which are identical, refer to the difference between the sum of 

the number of responses obtained and the expected number of responses by the 

product of these two variables. The product of / and oca , or / and as is considered 

to be the strength of the effect of a punisher on responses because this difference 

(the num erator of Equation 35 or 36) is assumed to be obtained by the effect of 

punishment. This is a parallel interpretation to that for the constant I in Equations 

29 and 30, which suggest that / refers to the strength of the effect of a reinforcer on 

responding. Considered together, the parameters a a  and as denote the ratio of the 

strength of the effect of a punisher against that of a reinforcer. The two models give 

this parameter the same absolute value but the opposite sign. This implication is 

quite consistent with the suggestions of Davison and McCarthy (1988) and also 

Farley and Fantino (1978).

Given the above, it is suggested that a a  and as can be mathematically 

estim ated through Equations 30, 33 and 34 with sets of data obtained under 

reinforcement and punishment. These mathematical manipulations seem to be 

consistent with theoretical implications given by previous studies (e.g., Davison & 

McCarthy, 1988; Farley & Fantino, 1978).
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1.4 Estimation of a and regression analyses

Table 8.1 shows the values estimated by Equations 30, 33, and 34 applied to 

the data obtained in the experiment reported in Chapter 7, and also the results of 

regression analyses according to the two models of punishment using these 

estim ated values of cca and ocs (Equations 10 and 11). These analyses were 

conducted not only for response rate, but also for time spent responding, and for 

local response rate, which will be discussed later.

T a b l e  8 .1
Results of a  estimations, and least square linear regression analyses on the data for each rat from 

Experiment in Chapter 7 according to the Generalised Matching Law (GML), the additive model (A 
model), and the subtractive model (S model). Reinforcement refers to data during reinforcement, 
whereas, GML, A model, and S model refer to data during punishment. SE denotes the standard 

error of estimation. %VAC is the percentage of data variance accounted for by the fitted line. 
Suppression Ratio refers to behavioural suppression for each behavioural measure.

Rati Rat 2

a Slope (SE)
Inter

cept
%

VAC a
Inter-

Slope (SE) cept
%

VAC
Number of Responses

Reinforcement — 1.213 ( .076) -.072 98.9 -- 1.165 ( .071) -.095 99.5

GML -- 1.309 ( .119) -.119 98.0 -- 1.499 ( .126) -.117 99.2
A model .112 1.764 ( .116) -.109 98.1 -.037 1.292 ( .127) -.110 99.2
S model -.112 1.383 ( .122) -.124 97.4 .037 1.486 ( .130) -.118 99.2

Suppression Ratio .458 .525
Time Spent Responding

Reinforcement — .941 ( .058) .013 99.0 -- 1.024 ( .085) -.021 99.2

GML -- 1.005 ( .021) .014 99.9 -- 1.138 ( .037) -.003 99.9
A model .022 1.068 ( .024) .016 99.9 .033 1.281 ( .037) -.006 99.9
S model -.022 1.017 ( .020) .013 99.9 -.033 1.146 ( .035) -.002 99.9

Suppression Ratio .492 .501
Local Response Rate

Reinforcement — .271 ( .106) -.085 70.7 — .144 ( .035) -.072 93.3

GML -- .408 ( .185) -.213 66.0 -- .321 ( .037) -.088 98.5
A model .084 .518 ( .180) -.211 66.6 .045 .375 ( .037) -.089 98.5
S model -.084 .424 ( .187) -.214 63.7 -.045 .324 ( .036) -.088 98.5

Suppression Ratio .469 .497
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These equations estimated oca  values to be 0.112 and 0.022 for response 

allocation and time allocation, respectively, for Rat 1; and, -0.037 and 0.033 for 

response allocation and time allocation, respectively, for Rat 2. Values of ocs were 

estimated in the same way with the opposite sign to the above values. These values 

are well within the range suggested by the analysis based on mathematical 

properties in Section 1.2. Three out of the four values of c ca  were estimated to be 

positive for Equation 33 (the A model), which implies that behavioural suppression 

should occur. The negative c ca  for response rate for Rat 2 was obtained in the case 

of facilitation. A high negative correlation also should be noted between values of 

CCA and the suppression ratio (-.969). On the contrary, just the opposite occurred for 

Equation 34 for the S model. Equation 34 showed three of the four values were 

negative, which implies response facilitation occurred, even though response 

suppression was obtained in these cases. Furthermore, a positive ccs was obtained 

in case of facilitation for response rate for Rat 2. These estimations of a strongly 

implied that the A model is explicitly the appropriate model of punishment.

Both estimations of cca  and ccs fitted well with the regression analyses. First, 

every regression line fitted each data set reasonably accurately. Three models, the 

GML, the A model, and the S model described each set of data virtually identically 

in terms of the VAC. This was expected based on the discussion on mathematical 

properties of these models in the previous section. Second, no clear difference in 

intercept between the three models was found, which was another expectation 

derived from the discussion of the mathematical properties of these models. Third, 

slope values increased due to the addition of punishment in all the four regression
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lines. However, the extent of the increase predicted by each model was different. 

It should be noted that the greater the ocs value estimated, the less the increase in 

slope the S model describes. On the contrary, the greater the c c a  obtained, the more 

the increase in slope the A model describes. This tendency is also determined by 

their arithmetic properties. This may be a critical finding to evaluate these two 

models, because the c c a  and ccs value may be correlated to response suppression. 

If it is true that the greater the response suppression obtained, the larger the c c a  

value estimated, and that the greater the response suppression obtained, the smaller 

the CCS value estimated, then, the A model would be consistent with the fundamental 

assumption, which was discussed in the previous sections.

It is clearly demonstrated that cc can be estimated accurately using these 

procedures, and the estimated values seem to be good enough to employ as the 

param eter in each model. To facilitate comparison of the two models, and to 

examine the generality of this method, in the following section, estimations of cc and 

regression analyses will be done for the data obtained from Chapter 6.

1.5 Generality of the method of the estimation of cc

1.5.1 Estimations of c c a  and c c s

The left panel of Figure 8.2 depicts mean c c a  and ccs values as estimated by 

Equations 30 and 33 for the A model (the top panels), and by Equations 30 and 34 

for the S model (the bottom panels), in terms of response rate data for each different
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Figure 8.2. Estimated a by the additive model (the upper panels) and the subtractive model (the bottom 
panels) for each reinforcement condition (RICH or LEAN), for each deprivation level (80, 90, or 100 % of 
ad lib weight), and for each behavioural measure. Data are from an open economy experiment in Chapter 
6. Error bar denotes standard error of mean.

deprivation level (80, 90, or 100 % of ad lib weight), and reinforcement schedule 

employed (RICH or LEAN) in Chapter 6. The right panel of Figure 8.2 shows the 

mean a a  and as value and SE for time spent responding data for each model.

Mean a  a  values for the all groups for the response rate data were positive, 

on the contrary, those for the time spent responding data were negative. Mean as 

values for the all groups for the response measure were estimated as negative, 

however, those for the time measure were positive. Thus, a a  and as seem to be
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independent of the reinforcement schedule employed, or the deprivation level 

studied. In general, the mean a a values for response rate data for the three groups 

under RICH reinforcement condition were higher than those for the three groups 

under LEAN condition. On the contrary, those for time spent responding for RICH 

groups were lower than those for LEAN groups. For as, just the opposite pattern 

of values were obtained. However, a two-way of analysis of variance (ANOVA) for 

the estimated a a value of response rate data with two between-subjects factors 

(Deprivation and Schedule) revealed that neither main effect nor the interaction was 

significant (ps > .05). An ANOVA conducted on these data for time spent 

responding also showed no significant effect or interactions (ps > .05). Those results 

of the ANOVAs were exactly the same as those of the ANOVAs for the estimated 

as value, as all the values of as have the same absolute value with the opposite sign 

to those of a A .

When the mathematical restrictions for the two models are considered, the 

A models may be more appropriate for response measures, because a positive a a  

was obtained in most cases of response suppression, whereas negative as was 

dominant. On the contrary, the S model may be appropriate for time measures, for 

the same reasons. However, it should be noted that behavioural suppression was 

clear for response rate in this experiment, but it was not as clear for time spent 

responding.

Meanwhile, a a  and as may be correlated to suppression ratio in the opposite 

direction to each other regardless of the two behavioural measures. Figure 8.3 

displays scattergrams between the estimated a a  value (left panel) or a s  value (right
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refer to no suppression. Results of regression analyses are shown as equations and the variance of 
accounted for in the parentheses.

panel) and the suppression ratio for response rate (opened circles) and for time 

spent responding (filled circles). Figure 8.3 also shows the regression lines in terms 

of suppression ratio as a function of cx a  or as value. Both lines for a  a  have a 

negative slope value with intercepts close to each other, and both lines for as have 

a positive slope with the equal absolute value to that for a a .  Even though VAC was 

not high for any of the four lines, the correlation co-efficient was -.476 for the 

response measure {p < .05), whereas, -.250 for the time measure {p > .25). Thus, the 

a A value may be negatively correlated with suppression ratio: that is, the greater the 

response suppression observed, the higher the value of a a  estimated. On the 

contrary, the greater the suppression ratio obtained, the lower the value of as 

estimated.
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Considering the meaning of a a  or as, which denotes the ratio of the strength 

of the effect of a punisher against that of a reinforcer, it can be reasonably assumed 

that the greater the strength of the effect of a punisher against that of a reinforcer, 

the greater the suppression obtained. This difference in the relationship of the value 

of a A or as with the suppression ratio also gives the A model another benefit over 

the S model.

One problem may be considered, that is, the estimated a was not zero in case 

when no suppression was obtained. It had been assumed that a is positive when 

response suppression is found, and a is negative in case of facilitation, and it is zero 

in case of no suppression. However, the regression lines describing the relationship 

between suppression ratio and value of a estimated imply that when the 

suppression ratio is .5 ( no suppression), a a  would be -.103 for response measure, 

and -.063 for time measure; whereas, as would be .103 for response measure, and 

.063 for time measure. This may be caused by another assumption, which suggests 

that the strength of a stimulus to reinforce responding is equal regardless of 

whether reinforcement or punishment is applied, as long as the same subject 

responded for the same reinforcer in the same situation. This assumption may have 

been necessarily true in this study, which caused the controversial result.

The parameter a may be considered as another index of response 

suppression for each subject. This is not simply because of the negative correlation 

between a and suppression ratio observed in the open economy in Chapter 6, but 

also the theoretical implication of a suggested by Davison and McCarthy (1988, p. 

130) or Farley and Fantino (1978). These suggestions were confirmed by the
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estimating method and supported by the empirical data shown in this study. 

Furthermore, theoretically, a is an index of the relative strength of punishment 

affecting on responses to that of reinforcement. If suppression is obvious, it may be 

caused by the higher relative strength of punishment to that of reinforcement. If no 

suppression was observed, it may be because of no strength (i.e. a is zero). These 

considerations imply that a can be another index of response suppression along 

with suppression ratio.

Given the above, the estimations of « a and as suggest that the A model may 

be the more appropriate model as the model of punishment than the S model.

1.5.2 Regression analyses based on estimated a a  and as

Table 8.2 summarises the results of the regression analyses for response 

allocation using the a a  and as estimations for each rat in the open economy 

experiment in Chapter 6. Table 8.3 shows those for the time allocation data. These 

tables demonstrate that the estimation of a a  or as are appropriate enough to apply 

regression analyses, not only against an experiment under a closed economy as 

show n in Table 8.1, but also in an experiment under an open economy. Both the 

models described each set of data very well, and also described the preference shift 

tow ards overmatching in most case. Meanwhile, no systematic difference in the 

intercept and VAC was obtained between the two models and the CML during
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Table 8.2
Results of a estimations, and least square linear regression analyses on the response rate data for each 

rat from Experiment in Chapter 6 according to the Generalised Matching Law (CML), the additive 
model (A model), and the subtractive model (S model). Reinforcement refers to data during 

reinforcement. CML, A model, and S model refer to data during punishment. %VAC is the percentage 
of data variance accounted for by the fitted line. Suppression Ratio refers to behavioural suppression

for each behavioural measure.

Inter % Inter- % Inter- %
a Slope cept VAC a Slope cept VAC a Slope cept VAC

Rat LlOO-1 Rat L90--1 Rat L80--1
Reinforcement --------- .428 -.051 89.9 --------- .778 .192 97.7 --------- .577 .033 93.8

CML .788 .128 93.8 — — .744 .135 99.9 .788 .562 .113 99.8
A model .045 .899 .132 93.3 -.008 .722 .134 99.9 .002 .566 .114 99.8
S model -.045 .857 .127 95.9 .008 .725 .135 99.9 -.002 .565 .113 99.8

Suppression Ratio .412 .490 .498
Rat LI00-2 Rat L90--2 Rat L80--2

Reinforcement --------- .360 .112 89.1 --------- .702 .266 98.9 --------- .371 .136 93.9

CML —------- .620 .112 98.8 --------- .736 .246 94.6 --------- .374 .163 85.0
A model -.005 .609 .112 98.8 .035 .814 .246 94.1 .008 .385 .163 84.9
S model .005 .611 .112 98.8 -.035 .810 .246 95.3 -.008 .384 .163 85.1

Suppression Ratio .488 .455 .485
Rat LlOO-3 Rat L90--3 Rat L80--3

Reinforcement --- .474 -.120 94.4 --- .789 -.172 93.3 --- .335 -.096 96.0

CML ---- .603 -.104 97.1 — .770 -.151 99.1 .788 .408 -.017 99.0
A model .029 .667 -.104 97.1 .013 .810 -.150 99.1 .053 .480 -.011 98.9
S model -.029 .647 -.103 97.2 -.013 .795 -.152 99.0 -.053 .472 -.019 98.9

Suppression Ratio .463 .473 .458
Rat LlOO-4 Rat L90--4 Rat L80--4

Reinforcement --------- .611 .068 96.2 --------- .583 .403 79.6 --------- .422 .211 73.0

CML --------- .552 .046 72.4 --------- .779 .360 98.7 --------- .498 .287 89.0
A model .039 .615 .050 71.2 -.025 .704 .355 98.7 .012 .521 .287 88.6
S model -.039 .612 .042 75.5 .025 .727 .366 9&6 -.012 .514 .286 88.9

Suppression Ratio .442 .501 .468
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Table 8.2 (cont’d)
Results of a estimations, and least square linear regression analyses on the response rate data for each 

rat from Experiment in Chapter 6 according to the Generalised Matching Law (CML), the additive 
model (A model), and the subtractive model (S model). Reinforcement refers to data during 

reinforcement. CML, A model, and S model refer to data during punishment. %VAC is the percentage 
of data variance accounted for by the fitted line. Suppression Ratio refers to behavioural suppression

for each behavioural measure.

Inter % Inter- % Inter- %
a Slope cept VAC a Slope cept VAC a Slope cept VAC

Rat RlOO-1 Rat R90--1 Rat R80--1
Reinforcement --- .599 .089 93.9 --- .425 .179 84.3 --- .424 .003 100.0

CML —-— .678 .117 96.8 .703 .201 96.4 — —- .459 ■-.023 97.5
A model .078 .730 .115 96.5 .054 .734 .202 9&3 .007 .462 •-.023 97.5
S model -.078 .710 .117 97.0 -.054 .728 .201 96.4 -.007 .461 •-.023 97.5

Suppression Ratio .479 .490 .500
Rat RlOO-2 Rat R90--2

Reinforcement --- .891 .085 94.5 --- .540 .066 83.5

CML —-- .845 .107 80.8 --- .736 .056 93.9
A model -.036 .818 .106 81.0 .094 .795 .055 93.4
S model .036 .824 .109 80.8 -.094 .783 .057 93.6

Suppression Ratio .494 .473
Rat RlOO-3 Rat R90 -3 Rat R80--3

Reinforcement — .415 -.030 96.4 --- .383 •-.287 95.0 --- .746 ■-.109 98.5

CML -—— .447 -.028 97.9 -—- .556 ■-.292 91.7 --- .583 ■-.024 81.4
A model -.005 .445 -.028 97.9 -.016 .549 •-.291 91.8 .050 .609 -.023 81.5
S model .005 .445 -.028 97.9 .016 .549 ■-.292 91.7 -.050 .599 -.025 81.2

Suppression Ratio .494 .492 .488
Rat RlOO-4 Rat R90-4 Rat R80-4

Reinforcement --- .796 .198 90.2 --- .491 .057 73.4 --- .974 .175 98.7

CML --- .821 .165 97.3 --- .759 .060 90.8 — — .713 .155 82.4
A model .262 1.016 .177 96.5 .094 .823 .060 90.2 .028 .732 .156 82.6
S model -.262 .947 .159 98.6 -.094 .805 .060 90.6 -.028 .725 .155 82.1

Suppression Ratio .449 .470 .492
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Table 8.3
Results of a estimations, and least square linear regression analyses on the time spent responding 

data for each rat from Experiment in Chapter 6 according to the Generalised Matching Law (CML), 
the additive model (A model), and the subtractive model (S model). Reinforcement refers to data 

during reinforcement. CML, A model, and S model refer to data during punishment. %VAC is the 
percentage of data variance accounted for by the fitted line. Suppression Ratio refers to behavioural

suppression for each behavioural measure.

Inter % Inter- % Inter- %
a Slope cept VAC a Slope cept VAC a Slope cept VAC

Rat LlOO-1 Rat L90- 1 Rat L80--1
Reinforcement --------- .581 -.079 91.0 --------- .645 .289 98.3 --------- .615 .150 99.8

GML ------ — .954 .075 86.2 --------- .635 .258 99.3 .954 .606 .207 94.5
A model -.004 .944 .075 8&3 -.026 .576 .257 99.2 .002 .610 .207 94.5
S model .004 .946 .077 86.1 .026 .585 .259 99.5 -.002 .609 .207 94.5

Suppression Ratio .443 .502 .498
Rat LlOO-2 Rat L90--2 Rat L80-■2

Reinforcement --------- .434 .158 90.9 --------- .545 .083 96.3 --------- .542 .071 98.2

GML --------- .385 .077 82.8 --------- .615 .051 92.0 --------- .352 .042 97.3
A model -.013 .368 .078 82.8 -.017 .583 .051 92.3 -.010 .339 .042 97.3
S model .013 .371 .078 82.6 .017 .584 .051 91.6 .010 .341 .042 97.2

Suppression Ratio .494 .490 .498
Rat LlOO-3 Rat L90--3 Rat L80--3

Reinforcement --------- .675 .225 99.5 --------- .796 .120 95.6 — .459 .151 97.9

GML — —- .722 .241 80.6 — — .843 .126 97.2 .954 .461 .150 95.4
A model -.016 .684 .241 80.8 -.028 .751 .123 97.4 .004 .468 .151 95.4
S model .016 .692 .240 79.9 .028 .781 .127 96.9 -.004 .467 .150 95.4

Suppression Ratio .496 .501 .495
Rat LlOO-4 Rat L90--4 Rat L80--4

Reinforcement --------- .539 .096 90.8 --------- .469 .357 88.1 — .675 .233 95.4

GML .641 .086 89.5 --------- .734 .363 96.4 ——— .547 .213 93.3
A model -.030 .580 .083 90.1 -.019 .680 .360 96.6 -.034 .478 .213 93.8
S model .030 .589 .090 87.8 .019 .696 .368 96.0 .034 .497 .215 92.7

Suppression Ratio .489 .498 .498
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Table 8.3 (cont'd)
Results of a  estimations, and least square linear regression analyses on the time spent responding 

data for each rat from Experiment in Chapter 6 according to the Generalised MatcWng Law (GML), 
the additive model (A model), and the subtractive model (S model). Reinforcement refers to data 

during reinforcement. GML, A model, and S model refer to data during punishment. %VAC is the 
percentage of data variance accounted for by the fitted line. Suppression Ratio refers to behavioural

suppression for each behavioural measure.

Inter % Inter- % Inter- %
a Slope cept VAC a Slope cept VAC a Slope cept VAC

Rat RlOO-1 Rat R90-1 Rat R80--1
Reinforcement --------- .730 -.066 94.7 --------- .537 .102 98.6 --------- .663 ■-.061 94.4

GML --------- .802 -.058 94.3 --------- .580 .128 95.4 --------- .627 ■-.060 95.2
A model -.031 .778 -.057 94.4 -.007 .576 .128 95.4 .001 .628 ■-.060 95.2
S model .031 .787 -.058 94.1 .007 .577 .128 95.4 -.001 .627 ■-.060 95.2

Suppression Ratio .498 .500 .501
Rat RlOO-2 Rat R90--2

Reinforcement — .895 .056 99.9 --------- .576 .028 92.6

GML --------- .881 .118 98.8 --------- .784 .067 97.8
A model -.060 .834 .115 98.9 -.019 .772 .067 97.8
S model .060 .848 .120 98.8 .019 .774 .067 97.8

Suppression Ratio .498 .492
Rat RlOO-3 Rat R90-3 Rat R80--3

Reinforcement --------- .598 .061 98.9 --------- .552 ■-.010 90.8 --------- .688 .072 99.3

GML — — .543 .075 98.4 - — - .710 •-.054 98.7 .643 .083 94.6
A model -.029 .531 .075 98.4 -.055 .678 ■-.052 9 & 8 -.029 .626 .083 94.5
S model .0 2 9 .532 .076 98.4 .055 .680 ■-.055 9 & 6 .029 .632 .084 94.7

Suppression Ratio .497 .498 .500
Rat RlOO-4 Rat R90--4 Rat R80--4

Reinforcement --------- .756 .105 94.5 — .641 .000 76.0 --- .893 .098 99.4

GML — — .900 .137 98.4 --------- .845 .039 8 & 6 .645 .121 97.5
A model -.020 .884 .136 98.4 -.080 .783 .039 89.1 -.018 .635 .121 97.4
S model .020 .889 .138 98.3 .080 .799 .039 88.7 .018 .638 .121 97.5

Suppression Ratio .499 .499 .499
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Figure 8.4. Mean slope value of regression lines for each behavioural allocation during reinforcement as 
a function of the Generalised Matching Law (RFT), and during punishment as a function of the GML, the 
additive model (A), and the subtractive model (S) . Mean values for the A model and the S model are 
based on the a  values estimated by each model. Error bar displays the standard error of estimation.

punishment. Concerning the preference shift, both models and the GML described 

quite similar results. These tendencies are shown clearly in Figure 8.4, which 

depicts averaged preference shift described by each model. Despite the difference 

in the extent of preference shift, all three models clearly described the preference 

shift towards overmatching for both behavioural allocations when punishm ent was 

superimposed over reinforcement. Especially, the A model and the S model 

described almost the same amount of shift for both measures. The similar results
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that the two models and the GML demonstrated in terms of regression analyses, 

may be caused by the schedules employed in the experiment under consideration. 

An equal frequency of punishment in the two alternatives was employed in the 

study reported in Chapter 6. As a a  and as have equal absolute values with the 

opposite sign. Equation 10 (the A model) and Equation 11 (the S model) would be 

the almost the same equation. In other words, the more discrepant the obtained 

number of punishments for both alternatives, the greater would be the difference 

in the regression lines for the two models.

Figure 8.5 depicts the preference shift estimated by each model as a function 

of suppression ratio for each behavioural measure. A negative correlation between 

preference shift and suppression ratio was shown for both behavioural measures by 

every model, which implies that the larger the behavioural suppression obtained, 

the greater the preference shift towards overmatching.

However, it should be noted that the signs of a a  and as are opposite to each 

other in every case. Even though the same tendency in preference shift towards 

overmatching, and the negative correlation between suppression ratio and 

preference shift, were noted for both models, these results were obtained with 

positive values of a a  and with negative values of as. This implies that the analysis 

of the values of a a  and as is the most critical aspect in the evaluation of these two 

m odels because the positive value of a during behaviour suppression is the 

essential requirement to accommodate these models with the theories, which the 

models are based on, as discussed in Section 1.2.
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1.5.3 Conclusion

The above relationships between a  a  and as and the other measures 

discussed can be summarised into three main points: First, both a a  and as were 

independent of reinforcement frequency or deprivation level; second, a a  is 

negatively correlated with suppression ratio, whereas as has a positive correlation 

with suppression ratio; and finally, a a  is positively correlated with the preference 

shift towards overmatching; hence, as is negatively correlated with it. These 

findings imply that the A model describes the greater preference shift with the 

greater value of a a ,  which implies a greater suppression. However, the S model 

describes the greater preference shift with the smaller or negative value of as, which 

means little suppression or even facilitation.

In conclusion, the A model is the more appropriate model by which to 

predict and describe choice behaviour during cone VIVI reinforcement schedules 

with punishment regardless the economic context. However, it should be noted that 

some critical differences between the two behavioural measures were found in 

term s of mean estimated value of a , the correlation between a and suppression 

ratio, and the correlation between a and preference shift. These issues may relate 

to the comparison of two behavioural measures, which will be discussed in the 

following section.
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2. Comparisons of two behavioural measures

The comparison between response and time allocation is controversial. This 

section will consider this issue theoretically, and empirically using the data from the 

experiment in Chapter 7.

2.1 Theoretical and empirical considerations

Since Catania (1966) and Baum and Rachlin (1969) claimed that time 

allocation is the basic process of choice behaviour, several experiments have 

compared these two behavioural measures. Some studies have demonstrated that 

response allocation is the fundamental process, and others have shown that time 

allocation is the basic process. For example, Davison (1991b) employed time- and 

response-allocation constraints, where pigeons' behavioural allocation was 

restricted within a programmed range, and found that the response-allocation 

constraints also strictly determined the range of time allocation, but the time- 

allocation constrains did not determine response allocation. On the contrary, 

Dreyfus (1991) manipulated the relative reinforcement ratio within sessions, and 

demonstrated that time allocation followed more closely to the changes in reinforcer 

allocation within session than did response allocation. Aldiss and Davison (1985) 

suggested that when some appropriate procedure is taken, these two behavioural 

allocation measures would be almost consistent with each other.

These considerations may lead to the view that time allocation is the basic
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process of choice behaviour in a concurrent reinforcement situation, as time 

allocation is closer to strict matching than response allocation. It is the general result 

that the sensitivity to reinforcement allocation for time allocation is higher than that 

for response allocation under an open economy. From another view point, time 

allocation is closer to strict matching than response allocation because 

undermatching is also the common result under an open economy. In the current 

study reported in Chapter 7, instead of undermatching, strict matching or 

overmatching was found under a closed economy for both behavioural measures. 

Comparing these sensitivities for each behavioural measure reveals that time 

allocation was always closer to strict matching than response allocation for all cases.

The above assumption also gives a plausible interpretation of the opposite 

claim by Davison (1991b), who employed time- and response-allocation constraints, 

and found that the response-allocation constraints also strictly determined the range 

of time allocation, but the time-allocation constrains did not determine response 

allocation. This may have been caused, not by the constraint itself, but since time 

allocation may be a more solid phenomenon than response allocation. In other 

words, regardless of the constraints, time allocation may fall within some small 

range, whereas response allocation may vary over much greater range. This 

consideration requires more experimental examination in order to be confirmed.
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2.2 Local response rate and two behavioural measures

Discussions regarding these two measures leads to another problem of 

assessing response measures, that is, the local response rate. The difference in the 

local response rate under each alternative may generate inconsistencies between the 

two behavioural allocations (Catania, 1966; Silberberg & Fantino, 1970). When the 

local response rate in each alternative is equal, the relative time spent responding 

(i.e. accumulated inter-response time [IRT)]) must be equal to the relative response 

rate, because time spent responding is given by a product of response rate and the 

mean IRT. The local response rates for two alternatives under a cone VI VI 

reinforcement schedule are usually equal to each other and, therefore, the relative 

local response rate is around 0.5 regardless of the reinforcement frequencies for two 

alternatives (Catania, 1966; Todorov, 1971). This is the reason why these two 

behavioural allocation measures usually match reinforcer allocation even though a 

small difference between them is found.

However, some situations generate unequal local response rate for each 

alternative. For example, Todorov (1971) demonstrated that the relative local 

response rate varied as a function of the relative reinforcer rate when a punishment 

contingency upon a change-over response was employed. The local response rate 

for the richer reinforcement alternative was higher than that for the leaner 

reinforcement alternative, while the number of changeover responses decreased 

according to the changeover response contingent manipulation such as an electric 

shock, or timeout. Due to the difference in the local response rate between the two
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alternatives, the sensitivity to reinforcer allocation for response allocation was 

higher than that for time allocation. This experiment demonstrated that the 

difference in sensitivity to reinforcer allocation for the two behavioural measures 

may be caused by the difference in the local response rate between two alternatives.

In conclusion, time allocation may be the more fundamental process than 

response allocation in terms of the small variability across various conditions. In 

several conditions, time allocation is always closer to strict matching than response 

allocation. This causes the opposite results observed under the two types of 

economies. That is, the slope value for time allocation is usually higher than that 

for response allocation under an open economy, during which undermatching is the 

dominate result; whereas, the slope value for response allocation is higher than that 

for time allocation under a closed economy, during which overmatching or strict 

matching is the common result.

2.3 Mathematical foundations of the relationships between local response rate 

and two behavioural measures

These considerations may also be supported by mathematical manipulations. 

To make the discussion simple, the relative form of the matching law is taken here 

to show these relationships. Equation 5 gives Equation 37
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where Bi and B2 denote numbers of responses, or amount of time spent responding 

to each alternative, and Ri and R2 denote numbers of reinforcement obtained for 

each alternative. The constant k denotes the difference in behavioural allocation 

between response allocation and time allocation. Slope value for response allocation 

is usually smaller than that for time allocation during reinforcement under an open 

economy, therefore, when Bi is greater than B2, that is, the richer reinforcement is 

arranged in alternative 1, k is smaller than 1, on the contrary, when B2 is greater than 

Bi, k is bigger than 1.

Let local response rate for each alternative be h {i denotes two alternatives) 

and Equations 38 and 39 are obtained.

B.
h = ip / (38)

B,. = T..

To take Equation 39 in place of Equation 37 predicts the difference in local response 

rate according to the relative reinforcer rate. When the richer reinforcement rate is 

arranged in alternative 1, because k is smaller than 1, therefore, h is smaller than L. 

On the contrary, when the richer is alternative 2, li is bigger than h. This implies 

that local response rate for the richer alternative is always smaller than that for the 

leaner alternative. This is a mathematical solution for the observation that the slope 

value for response allocation is usually smaller than that for time allocation under 

an open economy.

If this is true, then local response rate would determine the relativity of slope
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value for the two behavioural allocations. That is, when the local response rate ratio 

is described as a function of the reinforcer rate ratio, the slope value should be 

negative during reinforcement because time allocation tended to show higher 

sensitivity to reinforcer allocation than response allocation. It is also predicted that 

the slope value of this function during punishment should be higher than that 

during reinforcement, because the preference shift towards overmatching is usually 

found. Furthermore, the slope value of this function under a closed economy 

should be higher than that under an open economy, because the present study 

found that a closed economy makes the sensitivity to reinforcer allocation higher.

2.4 Empirical support

Figure 8.6 shows the mean slope value in terms of local response rate ratio 

as a function of reinforcer rate ratio. The shown data are averaged over 23 rats 

obtained in the open economy experiment in Chapter 6. Figure 8.6 clearly shows 

a negative mean slope value during reinforcement, and also during punishment, 

and it shows increases in slope value due to the addition of a punishment schedule. 

The negative slope values are consistent with the finding that the slope value for 

time allocation is higher than that for response allocation during reinforcement and 

punishment in this study. The difference in slope values in these two situations is 

consistent with the finding that the preference shift towards overmatching was 

generated by the addition of punishment schedule.
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Figure 8,6. Mean slope value of regression lines for local response rate ratio during reinforcement as a 
function of the Generalised Matching Law (RFT), and during punishment as a function of the GML, the 
additive model (A), and the subtractive model (S). Mean values for the A model and the S model are based 
on the a  values estimated by each model. Data are from an open economy experiment in Chapter 6. Error 
bar displays standard error of estimation.

The same relationship among these three variables is also found in the closed 

economy experiment. As the slope value for response allocation was higher than 

that for time allocation under a closed economy, the slope value for local response 

rate should be positive. The bottom panel of Table 8.1 (p. 319) clearly shows a 

positive slope value for local response rate for both rats under both situations. 

Furthermore, the increase in slope value for local response rate caused by the 

addition of punishment demonstrates another example of the direct correlation of 

this increase with the preference shift towards overmatching. Meanwhile, it is 

noted that the local response rate during punishment was lower than that during 

reinforcement, which is demonstrated by the suppression ratio in terms of local 

response rate, which was .469 and .497 for Rat 1 and Rat 2, respectively.
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The correspondence of empirical data and arithmetic manipulation also 

implies that the relativity of the slope value for the two behaviour allocation 

measures may be a by-product of another aspect of behaviour, that is, animals 

respond more slowly during exposure to the richer alternative than they do during 

exposure to the leaner alternative under an open economy. This behavioural change 

generates the difference in slope values in terms of the GML or the two models of 

punishment.

Three findings concerning choice behaviour in the current study, that is, the 

difference in slope values for time allocation and response allocation, the preference 

shift caused by the addition of a punishment schedule, and the higher sensitivity to 

reinforcer allocation under a closed economy than that under an open economy, can 

be explained only in terms of the local response rate. This is because all the other 

aspects of data may be by-products of change in local response rate. Under an open 

economy, slope values for time allocation are usually higher than that for response 

allocation, because the local response rate for the richer reinforcement alternative 

is lower than that for the leaner alternative. Punishment produces the preference 

shift towards overmatching, because the relative local response rate ratio increases 

during punishment. A closed economy also makes the sensitivity higher, because 

the local response rate for richer alternative is higher than that for leaner alternative, 

or the local response rate ratio under a closed economy is higher than that under an 

open economy. As these three variables are also mathematically related to each 

other, some other dimensions of behaviour, such as interresponse time, should be 

collected to facilitate these discussions.
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CHAPTER 9

Summary and future directions

1. Summary of results on response suppression: A tone works as a positive 

punisher

The first half of the present thesis was devoted to finding an alternative 

stimulus to an electric shock, which can be used as a positive punisher in an operant 

experiment. This investigation was not simply to approve the intrinsic properties 

of such a stimulus, although these do have implications for other work (see Section 

4), but it was also to address the issues concerned with animal ethics, especially 

concerning the use of an electric shock (Pierce & Epling, 1995). The major findings 

from the eight experiments reported in Chapters 2, 3 and 4 on this matter can be
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sum m arised into five points, and another point arises from the experiment that 

employed a closed economy in Chapter 7.

First of all, almost all experiments demonstrated that a loud auditory 

stimulus had a suppressive effect on responding maintained by concurrent (cone) 

variable-interval (VI) VI schedules. Response rate during tone presentation 

conditions was lower than that during reinforcement-only conditions. Obtained 

suppression ratio data of below 0.5 also demonstrated that a loud auditory stimulus 

had a suppressive effect on responding under cone VI VI schedules. Second, one 

aspect of the findings that should be noted as an exception to, or reservation 

regarding, the above conclusion is that the type of auditory stimulus may alter its 

effect. A loud click stimulus may not have a suppressive effect on responding, even 

though the intensity of stimulus is loud enough to suppress responding when a tone 

is presented. Experiment 2.1 showed response facilitation under a situation where 

both reinforcement schedule and click presentation schedule were effective. Third, 

the suppressive effect of a tone is enhanced under a lean reinforcement schedule. 

This may be because the suppressive effect of a tone is not strong enough to 

suppress responding when a rich reinforcement schedule is employed. Fourth, the 

suppressive effect of a tone is enhanced when a brief tone is employed. This is very 

likely to be due to an incidental escape contingency, which may contribute to the 

maintenance of responding as such responding may coincide with the termination 

of the tone presentation. This is more likely when the tone is long. It is interesting 

that this finding is just the opposite that noted when an electric shock is used, 

because it is usually found that the longer the electric shock is, the more the
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suppressive effect on responding observed (Church, 1969).

It should be noted that these four aspects of results combined, confirmed the 

critical factors, which may have caused divergent results in studies of the intrinsic 

property of auditory cues (Andronico & Forgays, 1962; McAdie, Foster, & Temple, 

1996; McAdie, Foster, Temple, & Matthews, 1993; Reed, Collinson, & Nokes, 1995; 

Reed, Mitchel, & Nokes, 1996; Symmes & Leaton, 1962). That is, the result of a 

facilitative effect of a tone (Andronico & Forgays, 1962) may well have been caused 

partly by the use of a continuous reinforcement schedule, and partly by the tone 

presentation contingency, in which a tone lasted as long as a rat pressed down a 

lever. The report by Reed et al. (1996), which showed a facilitative effect of a tone 

on responding under a cone VI VI schedule, and a suppressive effect of the same 

tone on responding under a cone VI extinction (EXT) schedule, may have been the 

results of an elevating effect of a rich reinforcement schedule on responding 

overriding the weak tone-punishment. The findings on the opposite effect of a tone 

and a click on responding were also supported by the findings noted by McAdie et 

al. (1993) and Reed et al. (1996).

Fifth, the suppressive effect of a tone may be easier to detect using a within- 

subjects design than employing a between-subjects design. Three out of four 

experiments in Chapter 4 employing a between-subjects design failed to show a 

significant effect of tone on response rate, whereas all the four experiments 

employing a within-subjects design demonstrated the effect. The suppressive effect 

of a tone might have been overwhelmed by different levels of responding by the 

subjects. However, the findings mentioned above, the effect of frequency of
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reinforcement and that of duration of tone, also have been shown in these four 

between-subjects experiments.

Finally, another finding from the closed economy experiment should be 

noted. The suppressive effect of a tone may be less effective under a closed 

economy than under an open economy. Even though the two rats who served in the 

closed economy experiment clearly showed response suppression under an open 

economy experiment (Experiment 3.1), one of the two showed suppression also 

under a closed economy, but the other did not. This may be because rats must 

obtain enough food to maintain their body weight under a closed economy, but do 

not need so under an open economy because of supplemental feeding by an 

experimenter.

In conclusion, a loud auditory stimulus works as a positive punisher. 

Especially, when the type of stimulus is well chosen, and a lean reinforcement 

schedule is employed under an open economy.

2. Summary of results on the effect of tone-punishment on choice behaviour

2.1 Punishment generates higher sensitivity to reinforcer allocation

It has been demonstrated that the addition of punishment schedules under 

an open economy generates higher sensitivity to reinforcer allocation (de Villiers, 

1980; 1982; Farley, 1980; Yoshino, 1986). The present study also demonstrated this
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effect of punishment under both open and closed economies. Thus, this effect of 

punishment on preference shift is confirmed as a common effect of punishm ent on 

choice behaviour regardless of the type of economy used.

The open economy experiment in Chapter 6 demonstrated that the extent of 

preference shift towards overmatching may vary as a function of the level of 

deprivation. That is, the greater the suppression, the larger the preference shift. As 

long as the effect of punishment is taken to generate a preference shift towards 

overmatching, and noting some experiments that show no effect of deprivation level 

on the sensitivity to reinforcement allocation (e.g., McSweeney, 1975), it may be 

plausible to conclude that the difference in the extent of preference shift may have 

been caused by the suppression level in the experiment in Chapter 6 of the present 

study. However, this finding needs further experimental study in order to be 

confirmed, because it was demonstrated that the suppression level may also be 

correlated with deprivation level, and reinforcement frequency, which both affect 

suppression level. Furthermore, the current study found only a weak negative 

correlation between the preference shift and the suppression level, and no other 

experimental study has tackled this issue.

2.2 A closed economy generates higher sensitivity to reinforcer allocation

One critical difference in performance under the two types of economy is that 

the sensitivity to reinforcer allocation under a closed economy was higher than that
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under an open economy. That is, instead of undermatching, which is the dominant 

result under an open economy, strict matching or overmatching may be the 

common result under a closed economy. This was observed for both behavioural 

measures employed. This result supports the finding noted by Baum (1972).

The difference in slope value under the two types of economy for response 

allocation was larger than that for time allocation. The sensitivity to reinforcer 

allocation for time allocation is usually higher than that for response allocation 

under an open economy (e.g., Elliffe & Alsop, 1996). However, both rats in Chapter 

7 showed the opposite result to this under a closed economy. This aspect of result 

will be summarised in a later section that compares the two behavioural allocation 

measures.

W ith respect to the finding of overmatching, or strict matching, under a 

closed economy, two explanations are possible. The size of the chamber employed 

in the experiment may have contributed to the result, as the large chamber provided 

a relatively higher response requirement to changeover alternatives than a standard 

chamber (Baum, 1982; Davison, 1991a; Jones, & Davison, 1996; Pliskoff, Cicerone, 

& Nelson, 1978; Silberberg & Fantino, 1970; Todorov, 1971). Along with this 

explanation, the economic context itself may have contributed to the higher 

sensitivity to reinforcer allocation. It is not known whether both factors combine 

and generate strict matching or overmatching, or if either of these factors alone is 

critical. However, comparing the overmatching result in the present study with the 

strict matching reported by Baum (1972), it seems that both factors may contribute 

to produce overmatching result.
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2.3 The additive model is the more appropriate model of punishment

This thesis gave a plausible answer to the issue of comparison between the 

two models of punishment, the additive model (A model) of punishm ent (Deluty, 

1976; Deluty & Church, 1978), and the subtractive model (S model) of punishm ent 

(de Villiers, 1980; Farley & Fantino, 1978). To address this issue, a method of 

estimating the parameter a was considered. Theoretically, the parameter has been 

recognised referring to a scale of "the effect of a constant-intensity punisher to the 

effect of a constant-value positive reinforcer" (Davison & McCarthy, 1988, p. 130) or 

'negative food unit' (Farley & Fantino, 1978). However, no practical method of 

estimating this parameter had been yet shown.

The method of a estimation was obtained from mathematical manipulations 

based on the basic assumption of the matching relation. It needs two sets of data, 

one of which is under a set of reinforcement schedules, and another is under 

punishment with the same set of reinforcement schedules. Prior to the estimation 

of a, a parameter (/) during reinforcement should be estimated (Equation 29), which 

refers to the strength of the effect of a reinforcer on responding. The method was 

not only derived from mathematical manipulations, but also was supported by 

applying it to empirical data from the experiments under an open economy, and a 

closed economy of the present thesis. Furthermore, the mathematical implication 

of the equations to estimate parameter a (Equation 29, 33 and 34) is consistent with 

the theoretical consideration suggested by Davison and McCarthy (1988) and Farley 

and Fantino (1978). The parameter a denotes the ratio of the strength of the effect
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of a punisher against that of a reinforcer.

The A model is considered to be the more appropriate model of punishment 

under both types of economies. Under the estimation of oc, both models of 

punishm ent described the data obtained in the two experiments very well. Both 

models described the preference shift towards overmatching. For the data under 

an open economy, the extent of preference shift was almost the same regardless the 

m odel employed. However, one critical aspect determined the superiority of the 

A model over the S model. The A model describes overmatching with a positive a 

estimated, on the contrary, the S model described overmatching with a negative a 

estimated. The positive a means that behavioural suppression should occur, and 

the negative a suggests behavioural facilitation, because of the theoretical 

foundations on which each model is based.

These results also implied that neither the method of predicting preference 

shift during punishment employed by Farley (1980) and de Villiers (1980), nor that 

suggested by Yoshino (1986), was appropriate. Both models described 

overmatching, although Farley (1980) and de Villiers (1980) predicted overmatching 

by the S model, and undermatching by the A model during punishment. On the 

contrary, Yoshino (1986) predicted overmatching by the A model, and 

underm atching by the S model.

The parameter a may be considered as another index of response 

suppression for each subject because of two reasons. First, the negative correlation 

between a estimated and suppression ratio obtained was observed under the open 

economy in Chapter 6. The greater suppression observed, the greater the value of
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a estimated. Second, the theoretical implication of a has been argued as referring 

to a scale of "the effect of a constant-intensity punisher to the effect of a 

constant-value positive reinforcer" (Davison & McCarthy, 1988, p. 130) or 'negative 

food unit' (Farley & Fantino, 1978).

In summary, the A model is more valid than the S model, on the basis of the 

consistency of prediction and description among the two models of punishment 

under cone VI VI reinforcement schedules.

2.4 Time allocation may be the more fundamental process of choice behaviour

Two behavioural measures, response allocation and time allocation, were 

compared in terms of which is the more fundamental process of behaviour under 

cone VI VI schedules. Some researchers claimed that time allocation is the basic 

process and response allocation is the secondary process (e.g., Baum & Rachlin, 

1969; Dreyfus, 1991). Others have suggested that the opposite is the case (e.g., 

Davison, 1991b).

One aspect of the relationship between the two measures was considered as 

critical to determining in this issue. As noted above, it has been demonstrated that 

the sensitivity to reinforcer allocation for time allocation is usually higher than that 

for response allocation (Elliffe & Alsop, 1996). However, the present thesis showed 

the opposite result under a closed economy, that is, regardless of whether 

reinforcement or punishment was applied, the slope value for response allocation
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was higher than that for time allocation. The range of the obtained slope for 

response allocation is larger than that for time allocation(Waid & Cheney, 1975). 

Taken together, these findings suggest that time allocation is usually closer to strict 

m atching than response allocation. It may be possible to take a criteria for this 

issue, that is, the closer to strict matching, the more fundamental is the behavioural 

process. As long as this criteria is taken, it could be said that time allocation is the 

fundamental process of choice behaviour under cone VIVI schedules.

2.5 Local response rate may be the fundamental aspect of choice behaviour

Local response rate may be a critical factor determining behavioural 

allocation in terms of the matching law because the difference in the local response 

rate under each alternative may generate inconsistencies between two behavioural 

allocations (Catania, 1966; Silberberg & Fantino, 1970). When animals have equal 

local response rates on two alternatives, strict matching is obtained. When animals 

respond slower during the richer reinforcement alternative than during the leaner 

reinforcement alternative, undermatching will be the result. On the contrary, when 

the faster responding, that is, the higher local response rate is observed in the richer 

alternative, overmatching will be obtained. These predictions are supported by 

simple arithmetic manipulations of matching equations.

The current study confirmed these predictions clearly. Under an open 

economy, undermatching was obtained, and the negative slope value of regression
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lines of local response rate as a function of reinforcer allocation also was observed. 

When preference shift was obtained due to the addition of a punishm ent schedule, 

the local response rate between alternatives also varied, and the slope value of 

regression lines increased. The same shift was observed in the closed economy 

experiment. The closed economy experiment confirmed strict matching or 

overmatching is the dominant result, meanwhile, regression analyses of local 

response rate as a function of reinforcer rate ratio described positive slope value. 

Furthermore, when the preference shift towards overmatching was observed under 

a closed economy, just as that under an open economy, the slope value for 

regression line increased.

These results may imply that local response rate may be the critical factor 

determining behavioural allocation. Meanwhile, it could be said that animals 

change responding speed according to the economic situation or risk of punishment, 

along with keeping time allocation relatively constant.

Even though the local response rate may be critical in determining choice 

behaviour under cone VI VI schedules, further analyses regarding interresponse 

time (IRT) is needed to facilitate the discussion on local response rate. As local 

response rate is simply obtained by number of responses divided by time spent 

responding, or accumulated IRT, these three variables are always closely correlated 

to one another. Even though IRT analyses may correlate with these variables, 

distributions of IRT may inform some other aspects of behaviour on this matter.
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3. Punishment from the view point of behaviour system theory

3.1 Reconsideration on the definition of closed economy

Recent studies have shown interactions of the type of economy, body weight, 

and session length, whose effects have not been confirmed (e.g.. Collier, Johnson, 

& Morgan, 1992; Elliffe & Davison, 1996; Foster, Blackman, & Temple, 1997; LaFiette 

& Fantino, 1988). For example. Collier et al. (1992) employed three experimental 

conditions, a closed economy, a closed economy with a restriction of food 

consumption up to 85% body weight, and an open economy (85% body weight). 

They found a similarity in response rates under a Fixed-Ratio (PR) schedule 

between the first two groups, which imply the type of economy is the critical factor 

determining FR performance regardless the deprivation level. However, Foster et 

al. (1997) demonstrated a difference of FR performance under a closed economy 

w ith and without a restriction of food consumption during the sessions, whereas 

they also showed a similarity of performance under an open economy (80% body 

weight) and under a closed economy with short duration sessions, which restricted 

the total amount of food during the sessions without any particular criterion of body 

weight.

Findings regarding performance under multiple schedules are also 

controversial. LaFiette and Fantino (1988) reported a preference shift towards 

overmatching under a closed economy when the duration of the components 

increased, whereas no changes in preference under an open economy were noted
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according to the duration of component. Elliffe and Davison (1985) also reported 

a preference shift towards overmatching under a closed economy. However, Elliffe 

and Davison (1996) examined the effect of session length and deprivation level 

under a closed economy, on choice behaviour under a multiple schedule. They 

found a preference shift towards undermatching when the deprivation level was 

elevated through a short session length being employed. In contrast, they found no 

changes in preference when the deprivation level was elevated through increasing 

a requirement for reinforcement. However, they found also a preference shift 

towards overmatching when the deprivation level was kept constant though a 

longer session length and a higher requirement for reinforcement.

These results imply not only the type of economy, but also other factors, such 

as session length, deprivation level, body weight, or reinforcement frequency, may 

play a critical role in determining performance under a single reinforcement 

schedule or a multiple schedule. These factors are closely correlated to each other 

because body weight may vary as a function of the total amount of food, which is 

determined by a combination of session length, reinforcement frequency, along with 

supplemental feeding. The current definitions of two types of economies are only 

based on the availability of food outside of experimental situation (Catania, 1991, 

p. G6, G25). However, those studies questioned if only the availability of 

supplemental feeding has an effect on behaviour (Collier et al., 1992; Elliffe & 

Davison, 1996; Foster et al., 1997; LaFiette & Fantino, 1988). Further studies 

exploring the effects of these factors on performance may be required to reconsider 

the current definition of the type of economy.
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Although the present study did not argue this issue empirically, the findings 

on the choice behaviour under a closed economy would give a set of data and 

implications with which this issue will be discussed.

3.2 Punishment from the view point of behaviour system theory

Along with uncertainty about the definition of the two types of economy 

discussed above, the finding, that punishment did not suppress responses so clearly 

under a closed economy as it did under an open economy, may require a broader 

perspective concerning the effect of punishment on behaviour. According to the 

definition of punishment, the effect of punishment is estimated only in terms of 

suppression of response rate (e.g., Catania, 1991). However, when punishm ent is 

effective in a closed economy experiment, a conflict may occur; animals need to 

obtain enough food to maintain their body weight but also need to avoid or 

minimize an aversive event through their responding.

Strategies that animals may take under a risky situation, may be categorised 

into three types. As long as the intensity or magnitude of punishment is not too 

strong, animals could achieve the requirement to maximize calories and nutritive 

quality relative to the time and energy spent performing or obtaining them, or to 

minimize any risk experienced during responding. In this case, no clear 

suppression may be found, as in the closed economy experiment in Chapter 7. 

According to the reinforcement schedule, the suppression level may vary. For
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example, when a ratio schedule is employed, the number of reinforcements, by 

which animals maintain their body weight, is a function of the number of responses 

emitted. If animals need the same number of reinforcements during a punishm ent 

situation as they do during a reinforcement-only situation, they also need to emit 

the same number of responses during the punishment situation. However, when 

an interval schedule is effective, the same number of reinforcers may be obtained 

even though the number of responses decreased during the punishment situation. 

These considerations may be supported not only by the current study, but also by 

previous studies showing sustaining of responses under a high requirement for 

reinforcement (Cohen, Furman, Crouse, and Kroner, 1990; Collier, Hirsch, & 

Hamlin, 1972; Hall & Lattal, 1990; Hursh, 1978; 1980; 1984; Peden & Timberlake, 

1984).

In addition to the above, animals may employ other strategies such as 

nocturnal hypothermia (Ostheim, 1992; Rashotte, & Henderson, 1988). Nocturnal 

hypothermia, which is related to substantial loss of body weight, happens at a very 

high requirement of responding for food. Both Ostheim (1992) and Rashotte and 

Henderson (1988) demonstrated nocturnal hypothermia of pigeons under a closed 

economy with high response-requirement conditions. Suppression, in terms of 

response rate, may be found in this case, because the number of response would 

decrease substantially. In an extreme situation, such that the requirement of 

responding for food, or the risk during responding becomes too high, animals may 

become helpless, even though no empirical report on this effect has been done 

under a closed economy.
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The three categories of strategy given above, ordinal suppression, nocturnal 

hypothermia, and helplessness, may be determined by biological constraints, which 

is suggested by behaviour system theory, or the ecological view of learning (Davey, 

1989; Timberlake, 1984; Timberlake & Lucas, 1989). Behaviour systems are assumed 

to be a hierarchical structure of behaviour in each organism, that are activated in a 

particular situation by motivation, such as hunger or defence. When animals face 

to an aversive situation, the defensive behaviour system is activated. Within the 

context facing them, animals may try to avoid the aversive situation. The responses 

shown by the animals to this situation may be to escape, to show aggression, or to 

freeze (Bolles, 1970; Davey, 1989). This theory realises that learning is not only the 

change of likelihood of a particular response, but also the change of behavioural 

structure, which is defined by behavioural repertoire and hierarchy for each 

organism. In these theories, behaviour suppression may not necessarily be an 

im portant aspect of behaviour because the behaviour suppression should be the 

result of one of strategies, which animal may take according to each situation.

The conclusion supporting the A model in the present study may support 

this view. The A model suggests that punishment works to indirectly reinforce any 

other responses than the punished response. In concurrent situations, the response 

indirectly reinforced by punishing responding to one alternative may be responding 

to the other alternative. What animals do in an aversive situation may be to change 

their behavioural structure according to the behavioural contingency available in 

that situation. From this view point, punishment is not a process of response 

suppression itself, but a process of changing the behavioural structure of an
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organism.

4. W ider implications

When it has been confirmed that a loud auditory stimulus has a suppressive 

effect on responding, this conclusion may be related to findings from other 

behavioural studies. As discussed briefly in the first chapter, behaviour analysis is 

based on assumptions such as generalities of response, stimulus, or species, which 

establish the foundation of research not only in behaviour analysis, but also most 

of the associative learning field. Some experiments that have explored phenomena 

in associative learning and have used these assumptions may be draw n into 

question if these assumption are violated. In this section, those experimental 

findings and implications from the present study for those findings will be 

discussed briefly.

4.1 Signalled reinforcement

It is usually assumed that an auditory or visual stimulus does not possess 

properties of reinforcement or punishment in itself. This forms the basis of a claim 

that a stimulus, which is assumed to have a reinforcing property, is conceived of as 

'biological relevant' or 'drive-related' (e.g., Bolles, 1979). The finding of a
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suppressive effect of a tone does not support this assumption. The finding, 

therefore, may have implications for experiments concerning signalled 

reinforcement, most of which have been conducted based on the assumption of 

putatively neutral stimuli signalling the delivery of a reinforcer.

Some experiments have shown that a signal during delays for reinforcement 

facilitate the acquisition of a required response sequence (Reed, 1989a; 1989b; Reed 

& Hall, 1988; 1989; Reed, Schachtman, & Hall, 1988a; 1988b; 1991; Reed, 

Schachtman, & Rawlins, 1992). On the contrary, some other experiments have 

shown the opposite effect of a signal (Pearce & Hall, 1978; St. Claire-Smith, 1979; 

Tarpy, Lea, & Midgley, 1983; Tarpy, Roberts, Lea, & Midgley, 1984). It has been 

suggested that these contradictory results are caused by the difference of the 

reinforcement schedule (interval or ratio), length of the delay, or saliency or 

localisability of the signalling stimulus. Those results have been explained by 

several hypotheses such as the overshadowing hypothesis (e.g., Pearce & Hall, 

1978), an efficiency hypothesis (Roberts, Tarpy, & Lea, 1984; Tarpy & Roberts, 1985), 

a burst hypothesis (Lattal & Ziegler, 1982; Richards, 1981; Williams, 1982; Williams 

& Heyneman, 1982), or a tracking hypothesis (Reed, 1992; Robert, Tarpy, & Cooney, 

1985; Williams, 1982; Williams & Heyneman, 1982).

However, it may also be important to pay attention to the intrinsic property 

of the reinforcement signals. Nakajima and Kitaguchi (1996) compared the effect 

on responding of a diffuse auditory tone or a localised light signalling a 

reinforcement delivery during a 500-ms delay under FI reinforcement schedules. 

They demonstrated that the tone elevated the response rate, whereas the light

362



attenuated the response rate. Meanwhile, they also reported that during the early 

sessions the tone suppressed responding. Whichever is the most appropriate among 

the hypotheses listed above, the finding of the aversiveness of an auditory stimulus 

should be noted when experimental results exploring the signalled reinforcement 

effect on responding are discussed.

4.2 Occasion setting

Since Brown and Jenkins (1968) demonstrated that a Pavlovian stimulus- 

stimulus contingency may control an operant, that is, autoshaping, and Rescorla and 

Wagner (1972) addressed a model of the associative strength through respondent 

conditioning, several researchers have tried to show similar learning processes 

between operant conditioning and respondent conditioning. For example, as a 

discriminative stimulus sets an occasion for a behaviour contingency, during which 

a particular consequence is contingent upon an operant (i.e. the three-term 

contingency), a stimulus may set an occasion for a stimulus-stimulus contingency, 

during which a conditioned stimulus (CS) is followed by an unconditioned stimulus 

(US), in respondent conditioning (Rescorla, Grau, & Durlach, 1985; Ross, 1983; Ross 

& Holland, 1981; 1982).

Rescorla et al. (1985) demonstrated that a noise controlled the likelihood of 

pigeon's key pecking maintained by an autoshaping procedure. During the noise 

presentation, a key-light was followed by a food, whereas a key-light without a
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preceding noise presentation was not followed by a food. In a few sessions of 

training, pigeons' pecking was under the control of noise presentation; that is, much 

higher response rate towards the illuminated key during the noise presentation than 

that during w ithout noise presentation was obtained. In this case, the noise, as an 

occasion setter, controls the likelihood of key pecking, just like a discriminative 

stimulus controls the likelihood of an operant followed by a reinforcer.

It has been noted that the effectiveness of an occasion setter may vary as a 

function of such factors as the duration of an occasion setter and a CS, the temporal 

relationship between these two stimuli (Holland, 1986; 1995; Holland & Morell, 

1996), or saliencies of the two stimuli (Holland, 1989; Rescorla, 1986a; 1986b; 1988). 

For example, Holland (1989) demonstrated that rats adopted different strategies 

w hen an auditory CS accompanied by a visual occasion setter was followed by a 

food US, whereas the CS alone was not followed by the US. When the intensity of 

the CS was moderate (78 dB), rats ignored the CS and associated the occasion setter 

with the US, whereas when a loud CS (88 dB) was employed, rats associated the CS 

and the US along with using the visual stimulus as an occasion setter.

The finding of the aversiveness of a tone may have implications for such 

experimental studies on occasion setting as shown above. The study by Holland 

(1989) clearly showed that the strategy which rats take, was determined by the 

intensity of an auditory stimulus. The difference in the intensity used in this study, 

however, was not large. Compared to the intensity of the tone (105 dB), which was 

employed in the present experiments, the loud noise (88 dB) used in the experiment 

by Holland (1989) was not necessarily loud enough to make the difference in

364



intensity clear from the quiet noise (78 dB). This may imply that when a much 

louder CS is employed in an occasion setting experiment, a different result would 

be obtained.

4.3 Selective association

Since Garcia and Koelling (1966) demonstrated the 'Garcia effect', it has been 

shown that an association between a stimulus and a consequence may be selective 

according to a pairing of one stimulus and another (LoLordo, 1979). For example, 

Domjan and Wilson (1972) demonstrated that saccharin was easy to associate with 

lithium  chloride (LiCl), but that it was not easy to associate with shock, whereas 

buzzer was easy to associate with a shock, but that it was not easy to associate with 

LiCl. This result is usually explained in terms of biological constraints suggested 

by Garcia and Koelling (1966): that is, "natural selection may have favoured 

mechanisms which associate gustatory and olfactory cues with internal discomfort 

since the chemical receptors sample the materials on to be incorporated into the 

internal environment (p. 124)." This hypothesis is strongly supported by 

Gemberling and Domjan (1982), who demonstrated that the selective association 

was obtained even in rats on the day following birth. It should be noted that the 

phenomenon of selective association may not be rigid, because it has shown that 

even association of audio-visual stimulus with LiCl can be achieved in a several 

studies (Best, Best, & Henggeler, 1977; Krane & Wagner, 1975). Meanwhile, it
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should be also noted that there is a difference in associability in parings of stimuli.

A selective association has been reported not only for the superiority of 

association of illness with a gustatory or olfactory cue over a visual or auditory cue, 

but also within visual and auditory cues. For example, Foree and LoLordo (1975) 

demonstrated that aversive consequences may be easier to associate with an 

auditory stimulus than a visual stimulus, whereas an aspect of learning about food 

was controlled by the visual element, even though a compound auditory-visual 

stimulus was used. Harsh, Badia, and Ryan (1984) also showed that signal modality 

critically determines choice between signalled and unsignalled food presentations.

However, these results may be explained by a simpler process, in which the 

aversiveness of a loud tone contributes. The lower responding observed for an 

auditory stimulus than for a visual stimulus may be caused by the aversiveness of 

the auditory stimulus instead of the selective association. That is, when an auditory 

stimulus is used as a CS, the CS may suppress responding because of its 

aversiveness, which the current study found.
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