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Abstract 

There are few studies with horses that examine either their food preferences or the 

use of increasing work requirements to assess their demand for food. The first 

experiment used Multiple-Stimulus-Without-Replacement procedure to measure 

six horses’ preferences for four different feeds. From these, a high- (Yearling mix) 

and a low- (Rice) preference feed were selected. The horses were then exposed to 

two series of increasing fixed ratio (FR) schedules with each of two feeds, in 

fixed-length sessions. The overall response rates were bitonic, running response 

rates decreased and average post-reinforcement pauses increased with increases in 

fixed-ratio value, typical of previous research. Yearling mix maintained faster 

responding to higher fixed-ratio values for most horses than did Rice. The demand 

functions (i.e., the numbers of reinforcers obtained in a session as functions of the 

ratio size on double logarithmic coordinates) showed mixed elasticity for both 

Yearling mix and Rice (where there were enough data that a function could be 

sensibly fitted). There were lower levels of demand (i.e., number of reinforcers 

obtained) for Rice than Yearling mix at small fixed ratio values, the reverse of the 

findings reported previously for reinforcer size and preference value. It is 

suggested that this difference could have been the result of the open economic 

conditions of this study. However, the equation suggested by Hursh and 

Silberberg (2008) provided a good description of the data in this study, with Rice 

having a lower essential value that Yearling mix. 
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Pearson (2006) reports that horses have been domesticated and selectively bred by 

humans for about 5000 years. She says that in the past they were utilised by 

humans for transport, food and work but more commonly, now, they are used as 

companion animals and for competitive sports (Pearson, 2006). She also points 

out that horses are kept under a variety of conditions, but predominantly in 

intensive housing, in individual stables (Pearson, 2006).  

The welfare of horses is an important concern. Pearson (2006) notes that 

food and water must be readily accessible to them, that they must have the 

freedom to stand, stretch or lie down, have regular exercise, and they should be 

able to have social contact with other horses (Pearson, 2006). Horses need food 

that will maintain their health, vitality and welfare, and will meet their individual 

requirements (Pearson, 2006), for example, broodmares should be fed in 

accordance to the nutrients they need for pregnancy and lactation. In addition to 

these needs, it has been suggested that horses may have needs for other events and 

activities and that they should have access to things they prefer. Dawkins (1978) 

suggests that both needs and preferences of animals can be explored 

experimentally. Surprisingly however, there are few experimental studies with 

horses. It is important to find out more about horses’ abilities, needs and 

preferences to help inform decisions about their husbandry. Thus, more research 

is needed in this field.  

Horses play a major role in sport and recreation, especially in New 

Zealand, where there is a large performance horse population. Equine learning 

behaviour has received only limited investigation, specifically there is little 

research on horses’ preferences and on ways to assess what they need. Operant 

conditioning methods have been used to assess these in other species (e.g. hens, 
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possums, rats and pigeons), but there are limited studies on this in horses. Operant 

conditioning is a term used to describe the procedure of delivering a consequence 

when a particular behaviour occurs which affects the future occurrence of that 

behaviour. When a behaviour is followed by a consequence which increases the 

likelihood of that behaviour occurring again in the future, this is called positive 

reinforcement. Negative reinforcement is when the removal of an aversive 

stimulus increases the likelihood of the behaviour occurring again in the future. 

Positive reinforcers (e.g., food) are commonly used to increase the frequency of 

desired behaviours. 

Dawkins (1978) points out that data on animals’ needs is important for 

welfare decisions. Physiological needs, such as food, water and oxygen are 

relatively easy to assess, as lack of any of these will result in physical 

deterioration. Dawkins (1978) has proposed that animals also have needs such as 

the need to perform particular behaviours even though these may not be 

physiologically required for survival. Such behaviours have been termed 

ethological needs (Dawkins, 1988).  

Dawkins (1978) also points out that it is possible to use experimental 

methods to assess animals’ preferences and that this information can also help 

when making welfare decisions. Preference can be assessed by presenting the 

animals with the opportunity of choosing between different environments 

(Dawkins, 1978). Dawkins (1978) says that ... “by establishing the animal’s own 

preference for one environment over another, the problem of animal welfare is 

approached from an animal-centred rather than a human-centred point of view” 

(p. 19). Preference assessment allows insight into an animal’s world, and can be 

used for determining what an animal likes. Discovering what an animal prefers 
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can help in making decisions relevant to providing the animal with a good quality 

of life, for example, appropriate housing and feeding regimes.  

It should be noted that the term preference, in the experimental analysis of 

behaviour, refers to something an organism “does” as opposed to something they 

“possess” or “have” (Sumpter, Foster, & Temple, 2002). “Does”, in this view, 

depends on the assessment method used. It translates to the relative amount of 

time spent performing a particular task or activity, or the relative number of 

responses made by the subject (Sumpter et al., 2002). For example, it can be the 

number of times an outcome is selected first, over a number of trials. 

Preference assessment procedures offer the animal a choice between two 

or more environments, activities or objects (Sumpter et al., 2002).  Choice is 

defined as the process of selecting an item or activity from an assortment of 

alternatives at a particular moment in time (Cannella, O'Reilly, & Lancioni, 

2005). If one item is selected over others or has more time allocated to it then it is 

said to be preferred and it is often assumed that it will function as a reinforcer. A 

reinforcer is a stimulus (food, item or activity) or an environmental consequence 

that occurs following a behaviour, which increases the probability that the 

behaviour will occur again in the future (Carlson, Buskist, & Martin, 2000).  

There are many issues to consider when examining preference assessments 

and their results. Some issues are relevant to virtually any method of preference 

assessment; some are specific to the particular method used. The next section will 

consider general issues; specific issues will be covered later under the specific 

methods.  
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There are several general issues that need to be considered in this area. 

First, the outcome of a preference assessment is relative. That is it has to be 

interpreted considering the set of choices (item, environment and moment in time) 

available in the preference assessment. The outcome may alter if other stimuli 

were offered (Catania & Sagvolden, 1980). Second, a choice of one item over 

another does not necessarily mean the animal ‘likes’ or ‘dislikes’ the item in an 

absolute sense (Sumpter et al., 2002). The animal may like or dislike both. Third, 

as Duncan (1981) points out, animals do not always choose in their best long term 

interests e.g. they may select a smaller immediate reward over a large delayed 

consequence, as shown by Rachlin and Green (1972) . Also animals will self 

administer drugs which may be detrimental in the long term. Thus, showing a 

preference for one thing over another thing doesn’t mean the item selected is 

good. Fourth, as Dumont and Petit (1995) point out, the degree of deprivation and 

environmental stress can affect preference assessment results, therefore, the 

degree of fasting or feeding before a procedure needs to be controlled in food 

choice procedures in order to reduce these confounding factors. Finally, novelty 

may also have an effect on preference so it is important to ensure that subjects 

have had prior experience with all potential reinforcers prior to any preference 

assessment.  

Preference assessment procedures vary in regard to the length of time they 

take and number of trials offered, and the resulting preferences may depend on the 

exact procedure used. When being used for the assessment of potential 

reinforcers, some procedures may take too long to be practical. Preference 

assessments have been extensively researched and have been shown to be able to 

predict reinforcer effectiveness accurately in both children and adults with severe 
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disabilities (Piazza, Fisher, Hagopian, Bowman, & Toole, 1996). The limited 

research conducted with animals has usually involved only a few of the wide 

range of preference assessments available.  

Preference assessment 

Preference can be assessed by presenting single, paired or multiple sets of 

stimuli.  The simplest method of preference assessment, single stimulus (Pace, 

Ivancic, Edwards, Iwata, & Page, 1985), involves each stimulus being presented 

individually. The subject can approach it and possibly momentarily consume it. 

The approach can be recorded as moving towards the stimulus, eye contact with 

the stimulus for a predetermined period of time, or vocalisation following 

presentation of the stimulus. Avoidance is usually recorded as the subject moving 

away from the stimulus or pushing it away. The number of times the subject 

approaches each particular stimulus is counted. “Preference ratings are based on 

the percentage of trials in which each stimulus was approached or consumed” 

(Hagopian, Long, & Rush, 2004, p. 671). Items that are approached 80% (or 

more) of the time are seen as potential reinforcers (Hagopian et al., 2004). 

Hagopian et al. (2004) suggest limitations of single stimulus preference 

assessment include in over-estimation of preference for some items and that this 

method is time consuming as all potential reinforcers must be presented several 

times. 

The simplest choice method used is free-access. This involves offering the 

subject simultaneous free-access to two or more alternatives. The time spent in or 

interacting with each option (dwell time) is used as the measure of preference 

(Sumpter et al., 2002). Free access has been used to determine an animal’s 

preference for environmental features, such as, cage flooring type (Hughes & 
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Black, 1973) or cage size (Dawkins, 1978), as well as food type with horses and 

cows (Hawkes, Hedges, Daniluk, Hintz, & Schryver, 1985; Matthews, 1983). 

Müller and Udén (2007) used this method of preference to determine the 

preference of horses for grass conserved as hay, haylage or silage. Preference was 

determined by the horse’s first choice, eating time and forage consumption. Silage 

was chosen first 85% of the time and had the longest eating time. Consequently, 

the authors concluded that silage was a highly preferred food of horses relative to 

other items offered. 

Another choice method involves the use of a T-maze in which the animal 

is given a choice between two alternatives, usually a left or right turn. The animal 

is required to enter one of the two environments, usually for a pre-determined 

period of time, once selected. The relative number of times the subject selects 

either side, or the relative latency to choose, is used as a measure of the preference 

for either reinforcer. Often the animal is initially given a forced choice of each 

environment to make sure the animal has experience of both environments before 

the experimental procedure begins (Sumpter et al., 2002). Although most T-maze 

studies involve laboratory animals other species are occasionally used. For 

example, although it is not strictly a study of preference, Kratzer, Netherland, 

Pulse and Baker (1977) investigated maze learning in horses. A two-partitioned 

maze with a single left or right side choice was used to test learning ability in 37 

horses. The entry of the maze was the door of the barn and then horses were 

released from their stables individually every morning to reach the outside pens. 

The reward was the horse choosing the correct side to allow them to exit the maze 

where water and the other horses were located. 
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Free-access and T-maze preference assessments require the subject to 

make only simple responses, are easy to implement and are useful indicators of 

preference (Sumpter et al., 2002). However, these procedures are not always truly 

reflective of the importance of the environment to the organism and present some 

problems.  

One important problem with both free-access and T-maze experimental 

procedures is that if one object, environment or activity is highly preferred it is 

likely the animal will choose the same option on most or all trials as in the Kratzer 

et al (1977) study (Sumpter et al., 2002). This results in 100% preference or 

exclusive choice and therefore fails to provide any information on the degree of 

preference (Sumpter et al., 2002). Exclusivity of choice means that it is difficult to 

get a quantitative measure of preference (how much one alternative is preferred 

over the other) from either T-maze or free access procedures especially when 

there is a significant difference between the choice alternatives (Sumpter et al., 

2002). This is illustrated in Matthews’ (1983) assessment of dairy cows’ food 

preferences, using a free choice procedure. He measured the relative amounts of 

each feed consumed and the food first eaten. Matthews (1983) found that when he 

presented a highly preferred feed (determined using concurrent schedules) with 

another alternative feed the animal consumed all of the ‘preferred’ food and none 

of the alternative on 34 out of 35 instances. This resulted in exclusive choice and 

gave relative intake measures of 1.00 or 100%. However, when there was no 

preference or when there was a small preference (determined by concurrent 

schedules) for one food over the other, the cows commonly consumed all of one 

food, then all of the other (Sumpter et al., 2002). This produced relative intake 

measures of 0.5 or 50%, which suggested indifference. Consequently, the results 
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provided no information on which food was preferred over the other, and “did not 

yield graded (or quantitative) measures of preference” (Sumpter et al., 2002). 

Another common choice procedure involves concurrent schedules. 

Concurrent schedules are used to present two (or very occasionally more) 

schedules to an animal. Responding on these alternatives provide access to a 

reinforcer associated with that alternative. Concurrent schedules require an animal 

to make an arbitrary response, such as a lever press, and the animal can choose to 

respond to either of two commonly available levers but cannot respond on both at 

once, to gain the associated reinforcer.  Access to the consequence is achieved 

when the schedule requirements are met for the particular alternative. The 

measure of preference for one alternative over another is derived from the relative 

amount of time spent and/or responses made by the animal on each alternative to 

gain access to each outcome (Matthews & Temple, 1979). The schedule may be 

time based or response based, but typically time-based schedules are used. The 

schedules most commonly used are variable interval (concurrent VI VI). Sumpter 

et al. (2002) report that concurrent schedule performance is usually quantified 

using the generalised matching law (GML) in which the ratios of behaviour or 

time are directly related to the rates of reinforcement, size, quality and other 

variables (Baum, 1974). The GML expressed mathematically is: 

 

Log (B1/B2) = a log (r1/r2) + log c           (1) 

 

In this equation B refers to the behaviour including the time spent responding or 

number of responses made.  The number of reinforcers obtained is represented by 
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r, and the subscripts (1 and 2) denote the two alternatives. The parameter a, 

describes the sensitivity of behaviour to reinforcement rate differences, log c, is 

referred to as bias and measures the magnitude of the preference for one 

alternative relative to another, over and above reinforcement-rate differences 

(Baum, 1974). Concurrent schedules allow precise measurement of preference in 

that it can vary from minus infinity to plus infinity and it can be quantified with 

precision. Concurrent schedules, although providing qualitative measures of 

preference, are not appropriate for quick assessments as they are very time 

consuming.  

Paired-stimulus (PS) preference assessment methods are often used to 

establish preferences with humans. In a paired-stimulus procedure two items (or 

stimuli) are presented simultaneously (presented in pairs) and the subject is given 

the opportunity to select one. Each item is paired with every other item, a certain 

number of times (Fisher, 1992). The number of times each stimulus is chosen is 

recorded. When every combination has been presented, researchers then 

determined preference by calculating the percentage of trials on which each 

stimulus was selected, across the trials in which it was presented (Fernandez, 

Dorey, & Rosales-Ruiz, 2004; Hagopian et al., 2004). Highly preferred stimuli are 

classified as those chosen on 80% or more trials. Moderate preference stimuli are 

those chosen on 50-80% of trials, and low preference those selected on fewer than 

50% of trials. 

In an animal experiment, Hudson et al. (1999) assessed possums’ food 

preferences with the aim of selecting a reinforcer that could be used to maintain 

possums’ behaviour in a learning experiment. A paired stimulus method was used 

with nine different foods, which gave 72 possible pairings. This was repeated four 
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times and gave 288 pairings which were presented randomly. The preferred food 

was found to function as a reinforcer. Clearly the procedure was quite time 

consuming. Similarly, Fernandez et al. (2004) assessed preference of five cotton-

top tamarins across seven different feeds. Each subject participated in 42 trials, in 

which the feeds were presented in all possible paired combinations and on both 

left and right sides. This again was time consuming. A disadvantage of this 

method is that it requires a large number of trials and is therefore also time 

consuming (Hagopian et al., 2004) 

Two alternative preference assessment procedures commonly used with 

humans are multiple stimulus with replacement (MSW) and multiple stimulus 

without replacement (MSWO). A MSW procedure involves two or more stimuli 

being presented simultaneously (every stimulus is presented on every trial). The 

subject is instructed (human) or allowed (animal) to select one of the stimuli in the 

array (Hagopian et al., 2004). An advantage of this method is that it is quick and 

so less affected by extraneous variables that change over time. A problem with 

this is that it often results in exclusive choice. Some stimuli may never be chosen 

and therefore potential reinforcers could be missed (Hagopian et al., 2004). There 

is also a risk of the human or animal choosing the most preferred item on every 

trial, therefore giving no graded measure of preference across the stimulus set. 

In a MSWO procedure the subject is initially offered a number of stimuli 

(usually 4 or 5) which have been selected as potential reinforcers from previous 

observations. When one of these has been selected the subject is allowed to 

consume or interact with it and this stimulus is then removed from the next 

offering. The remaining stimuli are shuffled and reoffered, and another choice 

takes place (DeLeon & Iwata, 1996). This procedure continues until only one 
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stimulus remains. For example, Deleon and Iwata (1996) employed a preference 

test in which four foods were presented to seven participants with profound 

developmental disabilities. The food chosen first was not replaced until the other 

three had been chosen and the next trial had begun. The procedure was repeated 

until all items were selected or until the criterion was met, indicating no more 

selections could be made. The procedure allowed the subject to make a selection 

across less preferred items that PS and MSW methods of preference assessment 

may not indicate as preferred.  

Carr, Nicolson and Higbee (2000) describe the brief MSWO procedure as 

being an accurate, efficient identifier and predictor of reinforcers.  An advantage 

of the MSWO procedure, compared with other choice procedures, is that the 

process takes less time than the paired choice procedures, making it more 

practical. MSWO procedures usually identify more possible reinforcers than free 

access procedures (DeLeon & Iwata, 1996; Oritz & Carr, 2000). 

The previous overview shows there are a range of preference assessment 

methods each with its own advantages and disadvantages. Free access, T- maze 

and concurrent schedules have been used primarily with animals (Fernandez et al., 

2004; Hawkes et al., 1985; Hughes & Black, 1973; Matthews, 1983; Matthews & 

Ladewig, 1994; Matthews & Temple, 1979; Müller & Udén, 2007; Sumpter et al., 

2002). While single stimulus, MSW and MSWO have been used predominantly 

with humans (DeLeon & Iwata, 1996; Fisher, 1992; Hagopian et al., 2004; 

Higbee, Carr, & Harrison, 2000; Pace et al., 1985; Piazza et al., 1996). The 

MSWO procedure has proven to be efficient and reliable in the assessment of 

human preferences, and could also provide a means for assessing preferences with 

animals. 



12 

 
Demand assessment  

As pointed out earlier, Dawkins (1983) suggests it is essential to assess 

and measure the needs and priorities of animals. She suggests using operant 

methods derived from consumer demand theory, otherwise known as behavioural 

economics.  Such experiments may offer important information about the 

physiological and ethological needs of domestic animals (Dawkins, 1983). 

  Demand is referred to in economics as “...the amount of a commodity 

purchased at a given price” (Green & Freed, 1998, p 277). The “price” is 

identified as the amount of money necessary to purchase a given amount of a 

commodity (Green & Freed, 1998). In behavioural economics, with animals, the 

animal is the consumer and generally the price is the number of responses 

(schedule of reinforcement) required to gain access to the commodity (Green & 

Freed, 1998), for example, a horse may have to make a certain number of 

responses on a lever in order to gain a set amount of food. 

Fixed Ratio (FR) schedules are often used in animal studies to study 

demand (Hursh, 1980). Increasing the schedule or response required is analogous 

to increasing the price. An FR schedule requires a fixed number of responses to be 

made before a reinforcer is presented (Ferster & Skinner, 1957). For example, on 

an FR 8 schedule, the animal must respond eight times on the lever or key in order 

to gain access to the reinforcer. It is seen as a price of eight. In animal 

experiments food reinforcement is commonly used as the commodity being 

offered. Consumer demand theory requires the study of changes in the amount of 

commodity consumed with changes in the amount of work required (analogued to 

changing price). Generally in animal experiments, commodities used are items 

that function as reinforcers, such as food or access to a preferred environment. 
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Dawkins (1988) suggested that the importance of different commodities to a 

subject may be measured by comparing the demand or the way in which 

consumption changes with the changes in price for each commodity.  

In economics, obeying the ‘law of demand’ means that changes in 

consumers’ consumption rates are inversely related to changes in price (Green & 

Freed, 1998). For example, as the price or number of responses required increases, 

consumption of that commodity should decrease. The relation between 

consumption (number of reinforcers obtained) and price can be shown on a 

demand function and the amount consumed is normally graphed on a logarithmic 

y-axis against the logarithm of the schedule size, or “price” on the x-axis (Lea, 

1978). Demand functions typically slope downward (from left to right) for most 

commodities, which demonstrates that as price increases the amount of 

commodity consumed decreases (Hursh, Raslear, Bauman, & Black, 1989). 

The degree to which the consumption changes with changes in price in 

demand assessment is called the elasticity of the demand function. Dawkins 

(1988) suggested that elasticity is important in the study of animal welfare as it 

may show the significance of a particular commodity to an animal. There are three 

main types of demand elasticity; inelastic demand, elastic demand and demand 

with unit elasticity. Inelastic demand is reflected by a shallow demand function or 

one with a slope less steep than -1.0. As the price increases, so does the response 

rate showing that the subject will work harder in order to maintain a slowly 

decreasing rate of consumption. Dawkins (1983) points out that with inelastic 

demand for a commodity the consumption is relatively unaffected by changes in 

price and so the consumption could be deemed a ‘need’ or necessity (reinforcer). 
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Elastic demand is seen when changes in consumption are large in relation 

to changes in price and the slope of the demand function is steeper than -1.0. In 

these cases response rate decreases as the price to obtain the commodity is 

increased. In other words the subject does not work harder in order to maintain the 

rate of consumption and the commodity could be deemed a luxury (reinforcer), or 

non essential item.  

The third type of elasticity, unit elasticity, occurs when the subject’s level 

of responding for a commodity remains constant across price changes, and so 

consumption decreases proportionally to price increases (Hursh, 1984). This 

responding creates a demand function with a slope equal to -1.0.  

Green and Freed (1998) point out that the elasticity of demand for a 

commodity may not always remain the same across all prices and so a demand 

function may show mixed elasticity. Hursh (1980) also noted that it is not unusual 

for commodities to have mixed elasticity (i.e. to have curvilinear demand 

function), where the slope of the demand function changes from being less steep 

than -1.0 to being steeper than 1.0 as price increases. That is, the demand changes 

from being inelastic to being elastic as the price increases (Hursh, 1984). This is a 

common finding in many animal experiments. For example, Foltin (1991) used 

FR schedules and studied the demand of baboons for food. Foltin (1991) showed 

that demand for food was mostly inelastic at the smaller response requirements 

with increases in the price resulting in small decreases in food consumption. Only 

at the highest response requirements was the demand for food elastic, with 

increases in price resulting in large decreases in food consumption.  
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Hursh, Raslear, Shurtleff, Bauman and Simmons (1988) suggested the 

following equation be used to describe mixed-elasticity functions quantitatively. 

In natural logarithms the equation is: 

ln Q = ln L + b (ln P) – a P                                            (2) 

 

This equation describes both the price and consumption in logarithmic terms. Q 

represents the total consumption per session (e.g., amount consumed or 

reinforcers obtained), P is the price (FR size) and ln L is the estimated level of 

consumption at a minimal price (e.g., FR 1). Parameter b represents the initial 

elasticity (slope) at minimal price, whereas parameter a reflects the rate of change 

in consumption with increases in price (Hursh et al., 1989). 

Pmax, as defined by Hursh et al., (1988) refers to the point at which demand 

changes from inelastic to elastic, or the price (FR) which generates the maximal 

response output. This is shown in the following equation which presumes that 

demand elasticity is a linear increasing function of total price:  

 

 Pmax = (1 + b) / a (3) 

 

Parameters a and b are the same as identified previously (Equation 2).  

The shape of the demand function is related to the way the behaviour 

changes as the FR changes. Ferster and Skinner (1957) identified distinct 

characteristic patterns of behaviour and responding rates produced by different 

schedules when the food was the consequence. Subjects responding on FR 
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schedules generally pause after each reinforcer and then abruptly change to a 

rapid constant rate of responding until the next reinforcement (Ferster & Skinner, 

1957). A post-reinforcement pause (PRP) is defined as the time following a 

reinforcer in which no responding occurs (Ferster & Skinner, 1957). It is the time 

from the end of the reinforcer delivery until the first response on the subsequent 

ratio. The duration of the PRP usually increases as the FR increases, but the 

amount of time spent not responding after reinforcement is extremely varied 

(Felton & Lyon, 1966; Ferster & Skinner, 1957). 

In experiments involving animals the length of the PRP, along with 

running response rates (responses per minute, excluding the PRP and 

reinforcement time) and overall response rates (responses per minute, excluding 

the reinforcement time), are usually calculated (Mazur, 1983). These are the three 

most common measures of performance under ratio schedules (Mazur, 1983). 

Generally the running response rate decreases as FR increases (Felton & Lyon, 

1966; Foster, Blackman, & Temple, 1997; Mazur, 1983), but other studies looking 

at the relation between response rates and ratio requirements have found mixed 

results (Crossman, Bonem, & Phelps, 1987). Previous studies (Crossman et al., 

1987; Mazur, 1983) have reported that overall response rates typically show an initial 

increase over low FRs and then decrease as the FR increases further. This produces 

bitonic overall response rate functions. 

There are a number of variables that have been proposed to influence 

responding under FR schedules and hence the shape of the demand functions. 

Hursh (1984) suggested that one variable is the type of economic system (open or 

closed). In a closed economy, no food is available outside the session and so the 

subject has to obtain its entire consumption of the commodity (e.g., food) in the 
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experimental sessions. In an open economy the subject has access to the 

commodity outside of the session (Hursh, 1980). In open economies, the subjects 

are usually kept at a fixed body weight, usually 80% of ad lib feeding weight, and 

given supplementary feed to keep body weight constant.  

Hursh (1980) states that generally, demand for food has been found to be 

elastic under open economic conditions, and inelastic under closed economic 

conditions. However, experimental sessions in an open economy are usually short, 

while closed economy sessions are usually long in order for the subject to obtain 

all of the food that it requires (Foster et al., 1997). Thus session length tends to 

co-vary with the type of economy. 

Foster et al. (1997) examined the performance of hens under FR schedules 

in both closed and open economies, varying the session length in the closed 

economies. In the closed economy sessions, the hens had to obtain their entire 

daily food intake. In the open economy the hens received supplementary food 

outside of the experimental sessions, in order to maintain their 80% of free-

feeding body weights. Foster et al. (1997) found that demand for food was elastic 

during open economy sessions and inelastic during the long 24-hour closed 

economy sessions. These results are similar to previous findings but Foster et al. 

(1997) found that demand for food during the short (40-min) closed-economy 

sessions, was also elastic. The authors argue that these findings show that the 

length of the session may be more important in determining demand than the type 

of economic system.  

There are three free parameters in Equation 2, L, a, and b. Making 

comparisons between demand curves for different commodities is complicated,  

as each of the parameters may vary for reasons that are result of the demand itself. 
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For example, log L may vary with (e.g.) reinforcer size. Comparisons of demand 

for different commodities is also difficult as the consumption measures may have 

quite different scales, that is one “unit” of commodity A may be of quite a 

different “value” to one “unit” of commodity B. To address this Hursh and 

Winger (1995) proposed rescaling consumption so that the initial consumption 

level is set to 100 (%) and all other consumption rates are expressed as 

percentages of this initial amount. They termed this “normalized” consumption. 

They also suggested rescaling price by dividing each price by initial consumption 

and multiplying by 100 to get a normalized price. They argue this rescaling allows 

direct comparison of demand for the different drugs they used. Hursh and Winger 

(1995) suggested that fitting curves in this way resulted in different functions for 

the different drugs used which had the same initial consumption but varied in 

elasticity. They suggested that as a result, the demand for the drugs could be 

compared using parameter a, from Equation 2, which essentially reflects the 

degree of elasticity. Such a comparison relies on b being small and close to zero 

(Hursh & Winger, 1995), which it may not always be. 

However, more recently Hursh and Silberberg (2008) have suggested an 

alternative (the exponential equation) to Equation 2. They argue this new equation 

can give a single parameter defining changes in elasticity. The Hursh and 

Silberberg (2008) model takes the following form:  

 

 Ln Q = Q0 + k (e-αQ0C – 1) (4) 

Q0, which is comparable to L in Equation 2, specifies the highest level of demand. 

Parameter k, which Hursh and Silberberg (2008) suggest should be set to a 
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common constant across comparisons, specifies the range over which 

consumption changes, and Q0 × C is termed the standard price, where C is the FR 

value. The shape of the demand function is a product of both parameter k and α. If 

k is fixed, changes in elasticity are determined by α (termed by Hursh and 

Silberberg essential value). 

 This exponential equation has important advantages over Equation 2. 

Firstly, it provides only one parameter for comparison, but is still reported by 

Hursh and Silberberg (2008) to be descriptively adequate. Secondly, Hursh and 

Silberberg (2008) also report that the fit to the data they tried was better than that 

of Equation 2 and the data at the lower prices fitted better with the exponential 

equation, giving more accurate descriptions of the consumption (Hursh & 

Silberberg, 2008).  

Hursh and Silberberg (2008) suggest that when k  is the same across 

comparisons then the rate constant, α, reflects the “essential value” of the 

reinforcer. If α is large then the essential value will be low and if α is small the 

essential value will be high. If two commodities have the same level of α then 

Hursh and Silberberg (2008) suggest they have the same essential value. 

Christensen, Kohut, Handler, Silberberg, and Riley (2009) and 

Christensen, Silberberg, Hursh, Huntsberry and Riley (2008) tested Hursh and 

Silberberg’s (2008) exponential-demand equation. These two studies found that 

the model worked well when applied to the data from rats working on increasing 

FR schedules and for comparing demand for food and cocaine. 

In an earlier study, Flevill (2002) demonstrated the difficulty of comparing 

demand for qualitatively different feeds. She examined hens demand for three 
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foods, using FR schedules and found that the hens worked to higher response 

requirements (large Pmax value) for the food they preferred most (determined by 

concurrent schedules). However, they worked faster at low FR values for the less 

preferred food resulting in larger numbers of reinforcers (and so higher 

consumption) with the less preferred food. In a later study, also with hens, Grant 

(2005) assessed preference between two different durations of reinforcement. She 

measured demand for each using FR schedules. She found similar results to 

Flevill (2002), in that the larger reinforcer was preferred and that the smaller 

reinforcer maintained higher response rates at low FR schedules. Also the larger 

reinforcer resulted in larger Pmax values. Grant (2005) was able to show that the 

differences in the demand functions for the different durations of reinforcement 

were reduced when the actual amounts of food consumed were used to assess 

consumption. However, when the two foods differ both qualitatively and 

(probably) quantitatively as in Flevill (2002) it is not possible to rescale 

consumption of the foods to allow comparison, thus some other method needs to 

be used in order to be able to do this, such as those proposed by Hursh and 

Winger (1995) or Hursh and Silberberg (2008) . Flevill (2002)  and Grant (2005) 

did not examine the fits of either Hursh and Winger (1995) or Hursh and 

Silberberg’s (2008) model to their data. It is possible that such analyses would 

allow comparisons of the demand for the different foods. Therefore it would be 

interesting to further examine the fit of Hursh and Silberberg’s (2008) model to 

such situations. 

Horses 

The limited operant research that has been carried out with horses 

(Dougherty & Lewis, 1991, 1992; Gardner, 1933; Myers & Mesker, 1960) clearly 
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indicates horses are sensitive to contingencies of reinforcement like other well 

researched species. A study conducted by Myers and Mesker (1960) studied FR 

performance in one horse. The researchers taught the horse to push a lever 

(operant response) with its muzzle in order to gain half a cup of grain as 

reinforcer. The horse responded on FR1, FR3 and FR11 schedules. The results 

showed stable rates of responding, especially at FR11 (highest response 

requirement), which reflected behaviour patterns seen in other species, under the 

same schedules of reinforcement. 

The first aim of the present study was to find two feeds of different 

“values” to the horses that would function as suitable reinforcers for the horses to 

allow maintenance of an operant response. Given the earlier discussion on 

preference assessment the method of MSWO, with four feeds, was selected as 

being a fast method to find the horses’ preferences one of which has been shown 

to predict reinforcers with humans . The second aim was to extend the research of 

Myers and Mesker (1960) by examining the performance of horses under a wider 

range of FR schedules and for two different feeds. The last aim was to use the 

procedure developed by Hursh et al. (1988) in which the FR schedule was 

increased each session, to produce stable demand functions for both feeds. Using 

two feeds could allow an examination of horses performances under these 

schedules and also provide data to further examine the model put forward by 

Hursh and Silberberg (2008). If the horses responded similarly to Flevill’s (2002)  

and Grant’s (2005) hens then, when the number of reinforcers is used as the 

measure of consumption, this might result in separated demand functions. The 

Hursh and Silberberg (2008) analysis should unify these functions and give 

measures of the essential value of each of the feeds to the horses. 
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Experiment 1: Preference Assessment. 

Method 

Subjects 

Six experimentally naive horses, ranging in age from 1 to 10 years old, 

served as subjects in the experiment. Of the six horses, three (Nina, Stevie and 

Zara) were warmblood thoroughbred cross, two (Petra and Rocky) were 

Hanoverian thoroughbred cross and one (Dolly) was a riding pony thoroughbred 

cross. Experiments were carried out at the stud farm where all the animals lived; 

therefore they were familiar with both the environment and the handlers used in 

the procedures. The horses had all been previously stabled (4 x 4m wooden room 

with fine sawdust on the floor).  Standard management at the stud farm included 

the horses being stabled for approximately 12 hours and turned out to pasture for 

approximately 12 hours in a typical 24 hour period. The horses always had water 

and a commercial salt block available while in the stable. 

Apparatus 

The experimental apparatus was located in a 4 x 4 m stable at the stud 

complex. The layout within the stable is shown pictured from the door in Figure 1. 

The apparatus consisted of a flat table with two 550mm x 280mm mounted 

plywood structures, as shown in Figure 2, each with circles cut out in which 20cm 

pie dishes were placed. The four feeds used were selected from those in the 

horses’ usual diets. These were Cambridge Grain Yearling mix TM, which will be 

referred to as Yearling mix, Dunstan Coolfeed Extra TM (Coolfeed), Mitavite 

Economix TM (Economix) and Dunstan Extruded Rice TM (Rice). Two were grain 

based which included considerable amounts of molasses (Yearling mix and 
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Figure 1. View of stable from entry door. Start point is seen on right side of 

photo. It consisted of a wooden cradle which would later be used for the barrier 

for Experiment 2. 
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Figure 2.Preference experiment apparatus. Four baking tins slotted into the four 

cut out circles in the plywood. 
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 Coolfeed), so were likely to be preferred and two were dry grain based with little  

Molasses (Economix and Rice), so were likely to be preferred less than the 

molasses products. All feeds were compatible with the equipment needed in 

Experiment 2. The ingredients in the four feeds are given in Table 1. When the 

feeds were presented in the array on the table each dish contained 1/3 cup of feed 

(see Figure 3).  

Procedure 

General Procedure. Preference for the four feeds was assessed using a multiple 

stimulus without replacement (MSWO) procedure. All four food items chosen had 

been consumed by the subjects prior to this study, as part of their daily feeding 

regime, so no food was novel. The horses completed the preference assessment 

individually. Each horse was stabled and food deprived for approximately five 

hours, prior to any session.  

 At the start of a session, once the feeds were in place, a horse was led into 

the experimental stable. The handler (who was standing at the horses left 

shoulder) using a rope approximately 2 m long clipped onto a head collar (which 

the horse was wearing) and led the horse around the stable. At a start point (as 

seen in Figure 1) the rope was released so the handler was only holding the end of 

the rope, allowing the horse unrestricted access to the feed table.  When the horse 

had made its selection it was led out of the stable. A second person recorded 

which feed was selected and the latency (the time it took horse to get from the 

start point until it started to eat a feed from the array). The readiness with which 

the horse ate the selected feed was scored as follows: 1, highly preferred (horse 

ate all of the  
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Table 1. 

Ingredients of feeds used in the preference assessment (Experiment 1). 

 

Feeds        Ingredients 

 

Cambridge Grain Yearling mix TM  Barley, Maize, Soya Bean 

Meal, Peas, Linseed, Lucerne 

chaff, Skim Milk Powder, 

Molasses, Bran, Limestone, 

Salt, Vitamins, Trace 

Minerals. 

Dunstan Coolfeed Extra TM Extruded Cereal, Maize, 

Wheat By-products, Soya 

bean Meal, Molassed Sugar 

Beet Feed, Lucerne Pellets, 

Coconut Meal, Crushed Peas, 

Limestone, Salt, Molasses, 

Minerals, Vitamins. 

Mitavite Economix TM  Soybean, Barley, Bran, 

Molasses, Pollard, Copra, 

Salt, minerals, vitamins, 

Vegetable oils. 

Dunstan Extruded Rice TM Rice, Rice bran oil.
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Figure 3. Feeds from left to right are as follows: position 1, Economix, position 2, 

Yearling mix, position 3, Rice and position 4, Coolfeed. 
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feed quickly), 2, moderately preferred (the horse ate feed but didn’t finish), 3, low 

preference (the horse selected feed and ate very little) and 4, (the horse did not eat 

any of the feed). 

Training. Over the first few training sessions the four feeds were placed in dishes 

in the four spaces on the table (one feed in each tray). The trays were placed in the 

equipment in the order shown in Figure 3. Each horse was then led by a handler 

(who kept hold of the rope at all times) into the stable as previously described. 

The horse was allowed to approach the table and sample any of the feeds. Once it 

had eaten at least one feed the horse was led out of the stable and this procedure 

was repeated approximately six times (so that the horses experienced each feed in 

every position on the table). The feed order was changed on every trial. The 

procedure was repeated with each horse. The horse was then trained with only two 

feeds (Yearling mix and Coolfeed) selected as the two likely preferred, which 

were alternated into all four positions (on the table) until the horse had eaten from 

each position. The other two positions remained empty (without the dishes).When 

the horse had successfully chosen either of the feeds from each position, the 

preference assessment began.  

At the start of each set in the preference assessment, all of the four feeds 

were arranged in the predetermined order (see Table 2).  The horse was led into 

the stable (as outlined previously) and when the horse’s nose went beyond the 

start point the person recording the data began to time. The timing continued until 

the horse began to consume one of the feeds. If the horse simply nosed a feed for 

less than 2 s but did not eat, timing continued until a feed was selected and eaten. 

If no feed was chosen and there was more than one feed present then the trial 
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Table 2. 

The pre-determined feed order in Experiment 1. 

 

Sets Presentation Order 

  

1 CRYE 

2 RYEC 

3 YECR 

4 ECRY 

5 CREY 

6 RCYE 

7 YERC 

8 ECYR 

9 CYER 

10 RECY 

11 YREC 

12 ERYC 

13 CEYR 

14 RCEY 

15 YRCE 

16 ERCY 

17 CERY 

18 RYCE 

19 YCRE 

20 EYRC 

21 CYRE 

22 REYC 

23 YCER 

24 EYCR 

  

Note. Feed C = Dunstan Coolfeed Extra TM, E = Mitavite Economix TM,  

R = Dunstan Extruded Rice TM, Y = Cambridge Grain Yearling mix TM.   
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would have been aborted. If there was only one feed remaining and this was not 

consumed within 30s at all, then the preference score was documented as four and 

the feed was recorded as “chosen” last for data analysis purposes, even though not 

actually selected. When the horse had started to eat one of the feeds the person 

recording stopped the timer. The handler shortened (gathered up) the lead rope to 

prevent the horse changing to non-selected feeds in the array. As soon as the horse 

finished eating or moved away from the selected feed or after approximately 30 s 

had elapsed the handler led the horse out of the stable. Outside of the stable, 

approximately 3m away from the stable opening was a bucket of water, which the 

horses were allowed to drink between trials.  

The latency, preference level and feed chosen were recorded (as described 

in the general procedure). The feed chosen was removed from the array and the 

remaining three feeds were then moved from right to left (clockwise, with the feed 

in position 4 moving to position 1) into the spaces on the table, an empty space 

remained on the table. The horse was then led back into the stable and presented 

with the three feeds. The procedures were as before. The next trial was with two 

feeds, and the final trial was with one feed. At this point a new set was started 

with all four feeds in different locations, as shown in Table 2 . The feeds were 

presented in different orders, allowing all sets of starting positions (see Table 2). 

In total each horse completed 24 sets, with 12 sets in each session, over two 

sessions, making 96 trials in total for each horse.   
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Results 

The data collected for all subjects from Experiment 1 are presented in 

Figures 4 to 9. 

Figure 4 shows the number of times each feed was chosen first, second, 

third and fourth, over all 24 sets, grouped by choice order and feed order 

{Yearling mix (Y), Coolfeed (C), Economix (E) and Rice (R)}, for all subjects. 

From this figure it can be clearly seen that Y was chosen first most frequently by 

4 out of the 6 subjects and R last by all 6 subjects. Figure 4 shows that there is 

strong similarity in results from four out of the 6 subjects. Petra selected Y first 

11/24 times, Stevie 13/24, Rocky 14/24 and Zara 13/24. The exceptions for the 

similarity in results are with Nina and Dolly. Nina chose C first most often 

(13/24) and Dolly chose E first most frequently (12/24) over all sets. R was 

chosen fourth (19/24) most frequently, by all 6 subjects. 

Figure 5 shows the data in Figure 4 averaged for all subjects. The average 

graph is a reasonable summary of individual data and clearly shows that Y was 

the most frequent first-chosen feed (11 times) on average. Examination of Figure 

4 and Figure 5 reveals no clear pattern of choices across the two intermediate 

feeds (C) and (E). 

Figure 6 re-presents the data in Figure 4, to group the data for each feed 

and subject. Figure 7 presents the average data from Figure 5. Again, as in Figure 

4 and Figure 5, it can be seen that Y was most frequently chosen first and R was 

most frequently chosen fourth. Second and third choices (centre two feeds  
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Figure 4. The number of times each feed was chosen first, second, third and 

fourth, over all 24 sets, grouped by choice order and feed order (Y, C, E, R), for 

all subjects. 
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Figure 5.  Average number of times each feed was chosen first, second, third and 

fourth, grouped by choice order and feed order (Y, C, E, R), for all subjects. 
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Figure 6. The number of times each feed was chosen first, second, third and 

fourth, for each subject. 
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Figure 7. Average number of times each feed was chosen first, second, third and 

fourth by all six subjects. 
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in Figure 4) show no clear pattern across the four feeds. R was seldom chosen first 

across all 6 subjects. 

Figure 8 shows the average latency or time to choice from the release 

point for each subject as well as the average across all six subjects. R produced 

the longest latency to feed (average 5.5s) for all 6 subjects. All subjects had 

similar latencies for the other three feeds Y, C and E (average 3.8s). The latencies 

for the other three feeds (Y, C and E) were very similar for any subject. Across 

subjects the latencies varied slightly in that Rocky’s latencies were generally the 

shortest for Y, C and E (3.2s, 3.3s and 3.3s respectively), and Zara’s latencies 

were generally the longest (4.9s, 4.8s and 4.1s). 

Figure 9 shows the frequency with which a feed position was selected by 

each subject (A, B, C, and D) and the average frequency across subjects. These 

data provide no evidence for systematic bias across any position for all subjects 

but position A was selected least on average. The following horses had slight bias 

for one or more positions: Nina position D (right) bias, Stevie position B and C 

(middle) bias, Rocky position D (right) bias, Dolly position B and C (middle) bias 

and Zara position B (middle left) bias. Petra had no clear bias to any side or 

middle position, although she chose from position A the least. All positions were 

chosen first at least three times.  

The average frequency any one position was selected, over all 6 subjects, 

shows no clear evidence of a position bias. It could be said, however, that position 

A was the least chosen and therefore least preferred by all 6 subjects. 
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Figure 8. The average latencies from release to contact of each feed, for 

individual subjects and the group average. 
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Figure 9. The number of times that the feeds were chosen from each 

position for each subject and the group average. 



39 

 
Discussion 

Feed preference of horses was assessed in Experiment 1. A MSWO 

assessment procedure was used to find a highly-preferred feed and a slightly less-

preferred feed. The procedure was successful, although feed rankings were not the 

same for all horses. Rice was clearly ranked last in all cases and Yearling mix was 

ranked above Rice by all six horses. Similar findings can occur in humans who 

generally rank sweet things higher than those that are sour, but humans do not 

rank all foods in the same order.  

Previous MSWO research (Carr et al., 2000; DeLeon & Iwata, 1996; 

Paramore & Higbee, 2005) with humans determined that this preference 

assessment method was an accurate and efficient identifier and predictor of 

reinforcers. They concluded that the reinforcer chosen as the most preferred 

option was also recorded generally as the most effective reinforcer  

DeLeon and Iwata (1996) found that the MSWO procedure took half the 

duration of a paired-stimulus procedure and had good predictive validity. 

Similarly, Carr et al (2000) state that the MSWO preference assessment was more 

practical in classroom settings, due to the limited time it takes compared to other 

preference procedures.  

The current experiments results, similar to previous research (Carr et al., 2000; 

DeLeon & Iwata, 1996; Paramore & Higbee, 2005), found that a MSWO 

preference assessment was a practical method for determining preferences of 

horses, specifically in determining the most preferred and least preferred feed, 

from the four feeds presented.  
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The current study, along with previous researchers’ results (Carr et al., 2000; 

DeLeon & Iwata, 1996; Paramore & Higbee, 2005), established that an advantage 

of the MSWO procedure used in Experiment 1 was that the MSWO procedure 

forces the organism, at some stage, to select the least preferred item, whereas the 

paired-stimulus and multiple stimulus with replacement methods of preference 

assessment do not. This was very important in Experiment 1, as the aim was to 

find a low preferred feed, as well as a highly preferred feed.  

A problem arising from the MSWO procedures arrangement used here was 

that it was labour intensive, as two people had to be present at all times during the 

experiment, one to lead the horse and one to record approach time and record the 

data. The method was also labour intensive in that the horse had to be led in and 

out of the stable on every run, so the feed presentations could be rotated to change 

the presentation order of the feeds.  This was labour intensive but appeared to be 

the most practical way using the equipment and resources available. Each set of 

trials took place over two days as the MSWO preference assessment conducted 

consisted of 24 sets per horse. The sets were spread over two days in order to 

reduce satiation. This appeared to be effective for all six horses used. 

As a result of the MSWO assessment procedure Yearling mix and Rice, the 

generally more preferred and least preferred feeds, were chosen for use in 

Experiment 2.  
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Experiment 2: Demand 

Method 

Subjects 

Subjects used in Experiment 2 were four (Petra, Nina, Dolly and Rocky) 

of the six horses, previously described in Experiment 1. Two of the horses from 

Experiment 1, Stevie and Zara, were unable to adapt to the automatic feeder and 

therefore two different horses were used in Experiment 2. Snake (Thoroughbred) 

and Lily (Thoroughbred Arab cross).  

Apparatus 

The experimental apparatus was situated in the same stable as in 

Experiment 1. The stable was lit with a 100 W light bulb, positioned high up 

(approximately 4m above the floor of the stable) and in the centre of the room, 

and was attached to a beam. The experimental apparatus (see Figure 10) consisted 

of a plywood table (130cm x 60cm) with a 138 cm wide x 100 cm high back 

board. A bowl (28 cm WiltshireTM non-stick wok) was recessed into the table, an 

infra red beam sensor was added to the bowl to detect nose in the bowl. The bowl 

was positioned central and to the back of the table. Directly in front of the bowl 

was a TelemacaniqueTM multi-directional spring rod limit switch (termed here 

lever), which protruded approximately 8 cm high (Figure 10). The lever required a 

force of 0.44N to push in any direction. Each operation of the lever was 

accompanied by a brief, 0.05s, auditory signal (beep). A button mounted behind 

and to the side of the table allowed the experimenter to start the experimental 

session. The button was also for use during shaping. A yellow light (70mm 

diameter) was mounted on the upright ply (see Figure 10) and was a 12V, 20W  
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Figure 10. Demand equipment consisting of a light, food chute, bowl and 

lever. 
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halogen lamp which was back projected onto a small circular screen, which 

comprised of yellow plastic (67mm diameter spray-paint can lid) behind a 4mm 

thick bronze tinted, transparent Perspex slide (AN-584). This produced a bright 

but not glaring yellow stimulus light, which appeared dark when unlit. Behind the 

plywood back board was an automatic feeder (see Figure 11).  The automatic 

feeder consisted of a 590mm long, 110mm diameter tube which narrowed slightly 

in a funnel shape to 65mm diameter at the lower end.  

A Perspex slide, 95mm, positioned in a slot in the funnel was lifted by a 

general purpose pull action solenoid (24Vdc, manufactures number 42-120-610-

720) for a controlled period of time in order to release a small amount of food for 

each reinforcement. This was controlled by the experimental software.  A piece of 

elastic (32 cm long and 2cm wide) was attached by both ends to the moving slide 

and passed under the tube. This had the effect of assisting the slide to return to its 

original position to close the tube rapidly. When the slide lifted the food went 

down an aluminium chute (140mm) into the bowl.  The slide was operated for 0.8 

s with Yearling mix and 0.05s with Rice, as these times released approximately 

8gms of each food on average. Food delivery was accompanied by the sound of 

the slide opening to release the food. 

From time to time the dispensing period (the time the slide was operated 

for) was adjusted as the amount of food dispensed seemed to vary over an 

extended period of time.  This may have been due to seasonal changes in the feed, 

e.g. increased/reduced humidity causing the feed to flow differently, changes in 

the feed itself, e.g. the yearling mix seemed to vary slightly in “stickiness” from 

batch to batch, and also possibly due to changes in the stretch of the elastic (times 

were changed from 0.8s to 0.2s for Yearling mix and from 0.1s to 0.15 for Rice). 
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Figure 11. Measurements of the back of the demand equipment:  a = feed tube,    

b = Perspex slide length, c = small end of feed tube, d = length of lower tapered 

feed tube, e = width of feed tube. 
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One batch of Yearling mix was too sticky to flow down the tube, when 

this happened the funnel end of the tube was lined with baking paper to facilitate 

flow and each reinforcer was placed behind the slide manually (as measured using 

a small plastic spoon which coincided with the 8gms reinforcer size).  The lift 

time of the slide was then increased to 1 to ensure all the measured amount of 

food was delivered. 

Procedure 

Before a session began the hopper of the feeder was filled to the top (7L 

capacity) with the food being used that session. A radio was then turned on to a 

music station (easy listening) to create a background noise; this was the general 

procedure in the horse’s normal housing. The music served to mask the noise of 

the other horses and yard activity.  

Shaping.  The method of successive approximations (in which an existing 

response is gradually changed across successive trials towards the desired target 

behavior of moving the lever, using differential reinforcement) was used to shape 

all horses to operate the lever. The hopper was operated, during shaping by use of 

the button. At the start of shaping each horse was led into stable by a handler and 

the horse was unclipped from the lead rope. The wooden barrier was then 

positioned onto a bolt, which was through a post, and screwed on confining the 

horse to the area just in front of the experimental table. 

Reinforcement was delivered when the horse approached the lever, turned 

or stepped towards it, moved it or touched it. All of the behaviours listed 

previously were reinforced at first and then, as training progressed, the response 

being reinforced had to be closer to the desired behaviour of moving the lever.  
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Once the horse moved the lever reinforcers were delivered automatically. 

Shaping, to operate the lever independently, took the horses up to three sessions 

(approximately 30 to 80 mins in total).  The computer recorded the following 

data: FR, time to first response, number of responses, number of reinforcements, 

PRP, eat time (time horses nose in bowl), key time (amount of time the lever was 

active), total session time and the amount of times the button was manually 

pushed (shaping). 

 FR Schedules. Once a horse was readily operating the lever the first series of FR 

schedules began. In the first session of a series each response resulted in food (FR 

1). On the FR1 schedule, each response resulted in the light being turned off, and 

the food being released into the bowl (Yearling Mix). The lever was inoperative 

for 5s, indicated by light off, following food delivery to allow the horse to eat the 

food before the next schedule began. This was repeated until the session 

terminated after 1800 seconds (30 mins) key time with the lever available (light 

on, lever active). In the next session FR 2 was in effect with every second 

response resulting in food. The ratio was then doubled each session until no 

reinforcers were received in a session or until the horse became restless and was 

in danger of damaging (or actually did damage) the equipment or itself. This FR 

series was then run with Rice. Each of the six horses worked on identical series of 

FR schedules. When changing between the two feeds the horse completed three 

days at FR10 with the next feed before starting the increasing ratio series. 
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Results 

The raw data obtained during the demand assessment (Experiment 2) are 

given for all horses in Appendix C. The FR schedule values at which each horse 

completed each series are presented for all horses in Table 3. Some data points 

were discarded (Petra FR 2 and FR 32, Series 1, Rice condition) as the horse’s 

behaviour was disturbed by the blacksmith and the vet outside the experimental 

stable.  

Cumulative graphs (responses vs. session time) were plotted for all horses 

and are presented in Appendix B. Some examples are given in Figures 12, 13, 14 

and 15. These show the cumulative graphs for Petra and Rocky, respectively. The 

data from these two horses were chosen since Petra’s records are similar to those 

from most of the other horses (Nina, Dolly, Snake and Lily) for both the Yearling 

mix and Rice conditions, and Rocky’s data were chosen since his data are 

different from those of the other horses as he, unusually, had similar responding 

for both feeds.  

Figure 12 shows Petra’s cumulative responding during Series 1 of the 

Yearling mix condition across all FR values. Responding was slower at small FRs 

than at large FRs, rising to the fastest rates during FR 16 and FR 32. Following 

FR 32 response rate slowed down. Figure 13 shows Petra’s responding on Series 2 

of the Rice condition. There was very little responding and response rates were 

very slow across all FRs. Appendix B shows that Snake, Nina and Dolly also 

made very few responses at all in the Rice condition, while Lily did respond. 
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Table 3.  

The FR schedule value at which each horse completed each series with each feed. 

Where table a blank space, there were no data recorded for that horse for Series 2 

on the Rice condition. 

                  
Horses 

Feed Series Petra  Nina Rocky Dolly Snake Lily 
                  

Yearling 
Mix 1 512 128 512 128 128 64 

2 512 128 256 256 128 256 

Rice 1 64 32 128 2 16 128 

2 16 16 256 4 32
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Figure 12. Cumulative records for Petra from Series 1 of the Yearling mix 

condition. 
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Figure 13. Cumulative records for Petra from Series 2 of the Rice condition. 
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Figure 14 shows that Rocky’s cumulative response data for Series 1 of the 

Yearling mix condition were similar to all the other horses, except that the rates 

were higher between FR 8 and FR 32 than for those other horses. In the Yearling 

mix Series 2, FR 16 session Rocky paused half way through. The same pause in 

responding can be seen in the Yearling mix Series 1, FR16 session also (Appendix 

B). In Series 2 of the Rice condition (Figure 15) Rocky’s responding was faster 

than in the Yearling mix conditions and there were high rates of responding under 

FR 16 and FR 32 and FR 64.  

Figure 16 shows the overall response rates, per minute, plotted as 

functions of the natural logarithm of FR schedule values, for each horse and both 

series with Yearling mix (left panel) and with Rice (right panel). The overall 

response rates were calculated as the total number of responses divided by the 

session time excluding the reinforcement time. Figure 16 shows that for all horses 

in the Yearling mix condition, as the FR value increased the overall response rate 

generally increased and then decreased over the last four FR values completed. 

Thus, all of the overall response rates in the Yearling mix condition changed 

bitonically (inverted U-shaped functions).  

In the Rice condition response rates for all horses, with the exception of 

Lily in Series 1 (o) and Rocky in Series 2 (x), were generally flat and were less 

than 50 responses per minute. Rocky’s overall response rates in the Rice condition 

changed bitonically. His overall response rates reached their highest values in the 

second series with Rice (over 120 responses per min). In Series 1 of the Rice 

condition Lily’s response rates also changed bitonically. Thus, Yearling mix gave 

bitonic response rates that reached their highest values around FR 16, but Rice did  
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Figure 14. Cumulative records for Rocky from Series 1 of the Yearling mix 

condition. 
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Figure 15. Cumulative records for Rocky from Series 2 of the Rice condition. 
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Figure 16. Overall response rate (per min) as a function of the natural logarithm 

of FR schedule value, for each horse, on both series of Yearling mix and Rice.  
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not do so for four of the horses. Overall, both series in the Yearling mix condition 

gave similar response rates for most horses as did both series in the Rice condition 

(with the exception of Rocky’s response rates on Series 2, with Rice). Generally 

the overall response rates were the highest when the feed was Yearling mix and 

the lowest when the feed was Rice (with the exception of Rocky). 

Figure 17 shows the running response rates, per minute, plotted as a 

function of the natural logarithm of FR schedule value, for each horse under the 

Yearling mix and Rice conditions. The running response rates were calculated by 

dividing the total number of responses by the Key time [that is, session time 

minus post- reinforcement pause (PRP) time and reinforcement time]. It is not 

possible to calculate running response rates for FR 1.  

For the Yearling mix, all horses’ running response rates decreased as FR 

value increased. Running response rates were initially between 100 and 200 

responses per min and they then decreased to below 50 responses per min. The 

Rice condition resulted in variable running response rates. Nina and Snake’s 

running response rates for both series with Rice were level. There is only one data 

point for Dolly working for Rice as she completed only up to FR 2 in Series 1, 

and no sessions at all in Series 2 for Rice. Rocky’s running response rates in 

Series 2 with the Rice increased with FRs up to FR 64 and then decreased sharply. 

In Series 1 of Rice Petra’s and Lily’s running response rates were more variable 

than their Series 2 running response rates.  While similar running response rates 

were found with Yearling mix for both Series 1 and 2 for all horses, for Rice the 

response rates were generally lower than for Yearling mix and were more variable 

over the series.  
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Figure 17. Running response rate (per min) as a function of the natural logarithm 

of FR schedule value, for each horse, on both series of Yearling mix and Rice.  
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Figure 18 shows the average PRP durations, in seconds, plotted as a 

function of the natural logarithms of the FR schedule value, for each horse with 

Yearling mix and Rice. The average PRP durations were calculated by dividing 

the total PRP time (time to first response following a reinforcer) by the total 

number of reinforcers received within the session. The Yearling mix condition 

data show short mean PRPs (between 0 and 100s) which increased slightly as the 

FR value increased. As the cumulative records (Figure 1 to 4 and Appendix B) 

show there was sometimes so little responding in the Rice condition that mean 

PRPs were very large (as some of the long pauses started right after a reinforcer 

was delivered) and thus some values do not appear on graphs within the scale 

used. Asterisks on the graphs indicate values higher than the scale, where the data 

are not shown. The mean PRP durations with Rice tended to either be very 

variable (probably also a result of so little responding in the session) or increased 

as the FR increased. Rocky’s low average PRP durations were similar for both 

Yearling mix and Rice conditions. Series 1 and 2 with Yearling mix show very 

similar results for all other horses, whereas average PRP durations for Series 1 

and 2 with Rice are inconsistent. 

Figure 19 presents the natural logarithms of the consumption data (i.e. 

number of reinforcers obtained at each FR) for both feed conditions, plotted as 

functions of the ln FR schedule value, for all horses. The lines shown were fitted 

to the data by the method of least squares using the Hursh et al. (1988) non-linear 

equation (Equation 2) and the parameters of the lines (a, b, ln L and L) are 

presented in Table 4. This table also includes the standard errors of the estimates 

(se), the percentage of the variance accounted for by the lines (%VAC) and the FR  
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Figure 18. Average PRP durations, in seconds, as a function of the natural 

logarithm of FR schedule value, for each horse, on both series of Yearling mix 

and Rice. 
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Figure 19. The natural logarithms of the consumption data (i.e. number of 

reinforcers obtained at each FR) for both feed conditions, plotted as 

functions of the ln FR schedule value, for each horse. 
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Table 4. 

The parameters a, b, and ln L for the functions fitted to Equation 2 using the log 

consumption rate versus ln FR (for Series 1 and 2) for demand. Also shown are 

the standard errors of the estimates (se), the percentages of variance accounted 

for by the lines (%VAC) and the FR value at which the fitted functions predict 

maximal responding (Pmax). Asterisks indicate cases in which Pmax 
was not 

meaningful due to negative a value.  

                  

Horse 
Food & 
Series a b ln L L Pmax se %VAC 

                  

Petra YM1 0.003 -0.67 6.48 651 123.71 0.30 97 
YM2 0.001 -1.01 6.67 785 -22.08 0.72 89 
R1 0.003 -0.60 4.81 122 143.64 0.38 84 
R2 -0.126 -1.45 1.98 7 * 0.41 80 

Nina YM1 0.009 -0.77 6.47 645 24.64 0.26 97 
YM2 0.019 -0.68 6.38 592 16.29 0.58 91 
R1 0.051 -0.62 5.22 185 7.50 0.10 99 
R2 -0.124 -2.27 4.30 73 * 0.43 93 

Rocky YM1 0.013 -0.71 7.08 1192 21.53 0.40 97 
YM2 0.013 -0.63 6.51 670 28.96 0.28 98 
R1 0.023 -0.51 6.03 416 21.26 0.38 95 
R2 0.020 -0.26 6.18 483 36.34 0.48 95 

Dolly YM1 0.012 -0.97 6.61 743 2.41 0.43 95 
YM2 0.011 -0.54 5.81 334 42.16 0.34 96 
R1 - - - - - - - 

Snake YM1 0.026 -0.62 5.74 311 14.62 0.65 90 
YM2 0.024 -0.51 6.01 406 20.86 0.25 98 
R1 0.116 -0.57 3.54 34 3.66 0.28 95 
R2 1.427 1.80 3.22 25 1.96 0.00 100 

Lily YM1 0.049 -0.25 5.52 249 15.25 0.19 98 
YM2 0.013 -0.63 6.51 670 28.96 0.28 98 
R1 0.034 0.29 3.31 27 37.60 1.18 44 
R2 0.023 -0.10 5.99 400 39.25 0.12 96  
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value predicted to generate maximum responding (Pmax) as calculated by Equation 

3. 

In all cases the fitted lines describe the data well for the Yearling mix 

condition (Figure 19). All (left panel) show mixed elasticity. From Table 4 it can 

be seen that the functions all start with negative slopes (b) and then curve 

downward steeply (a positive) with increasing FR value (Figure 19). The %VAC 

values are between 89% and 98% for all horses and both series. As seen in Table 

4, all values of parameter a for the Yearling mix condition are between 0.001 and 

0.051 and are similar across series. The b parameter (initial slope) for Yearling 

mix is between -0.25 and -1.01, for all horses. All cases, except for Series 2 for 

Petra (b = -1.01), show the initial demand as inelastic and then functions move 

through unit elasticity to become elastic at high FR values. For Petra in Series 2 

with Yearling mix the result was an almost linear function. The Pmax data for Petra 

for this series is negative, because b is steeper than -1.0 (i.e., the function is elastic 

throughout the range shown). The Pmax values ranged from 14.6 to 123 across all 

horses (except for Dolly whose Pmax values were 2.41 and 42.16). The ln L values 

for Yearling mix range between 5.54 and 7.08, showing high initial rates of 

consumption, and the corresponding L values range between 249 and 1192.  

When Rice (right panel) was the reinforcer and when there are a 

reasonable number of data points, the data show similar shaped demand functions 

to those obtained for Yearling mix. Two exceptions to this are Petra’s and Nina’s 

Series 2 data where the fitted lines are u- shaped as a result of the best fit a values 

being negative.  Dolly’s data are shown on the graph but there were only two data 

points and the function necessarily passes through both of these and so the 

parameter values are not presented in Table 4.  
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 All other data (7 of the remaining 8) generally show a degree of mixed 

elasticity. The a values for these range between 0.001 and 1.427. In the Rice 

condition the b parameter values are between -0.62 and 1.80, showing mixed 

results. Rocky’s data show initial inelastic demand (b) on the Rice condition over 

both series, whereas Petra and Nina’s Series 2 demand functions and Snake and 

Lily’s Series 1 and 2 demand functions, are elastic. The variance accounted 

(%VAC) for the Rice functions range between 44 and 100.  The ln L values on the 

Rice condition range between 3.22 and 6.18, showing mixed initial rates of 

responding, but generally low rates. The L values for all horses range between 25 

and 483, reflecting the number of reinforcers obtained over all. 

 Comparisons of the demand functions for both feeds show that Yearling 

mix functions were generally a better fit. In general the Rice data were more 

variable than the Yearling mix data and while the %VAC is over 90% in18 out of 

23 cases over both series and feeds, the range of %VAC for the Rice condition is 

larger (44% -100%) than the range for Yearling mix. The a values for Yearling 

mix are generally larger than those for Rice while the b values are similar. 

Yearling mix gave higher initial rates of consumption (ln L) than did Rice. The 

Pmax values were higher in the Yearling mix condition than the Rice condition for 

2 horses (Nina and Snake) and the other 3 horses (Petra, Rocky and Lily) had 

higher Pmax values for the Rice condition.   

Figure 20 presents the same data as Figure 19, but with the lines fitted to 

the data using the Hursh and Silberberg (2009) exponential equation (Equation 4). 

To select the k value for the fits the functions were first fitted leaving all three 

parameters (Q0, α, and k) free to vary. The range of consumption was greater for  
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Figure 20. The natural logarithms of the consumption data (i.e. number of 

reinforcers obtained at each FR) for both feed conditions, plotted as 

functions of the ln FR schedule value, for each horse. 
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Yearling mix and this was reflected in the best-fit k values which ranged from 3.9 

to 6.7 and averaged 5.5. For Rice the k values were generally smaller than this 

(where there were enough data points to make fitting a function sensible) as the 

range of consumption was less. Thus, since to allow comparisons the same k value 

was needed for both data sets, a k of 6.0 was selected for the fits as it covered 

almost the full range of the Yearling mix consumption ranges. The parameters of 

the function found when k was constant to be 6.0 the degree of fit (ln Q0, Q0, α) 

are displayed in Table 3. This table also includes the standard errors of the 

estimates (se), the percentage of the variance accounted for by the line (%VAC) 

and the FR value predicted to generate maximum responding (Pmax) for this 

function in units of the cost (C (Equation X) or FR value) and in units of Hursh 

and Silberberg’s standard normalised price ((C x Q0)/100). 

In the Yearling mix condition the percentages of variance accounted for 

lines of fit are greater than 91% in all cases and reach 99%, which reflects 

generally very good fits. Alpha (α) values for the Yearling mix conditions range 

from 0.000017 to 0.000088. Ln Q0, the initial elasticity, is high for the both series 

in the Yearling mix condition (between 5.33 and 6.55) and show little variation. 

The corresponding Q0 values range from 206 to 702. The standard normalized 

Pmax values, in the Yearling mix condition for all horses, ranged from 23 to123. 

In the Rice condition the α values range from 0.000015 and 0.008957. The 

percentage of variance accounted for (%VAC) are smaller for Petra Rice Series 1 

& 2, and Lily Rice Series 1 (70%, 53% and 46%, respectively), but for three 

horses (Nina, Rocky and Snake) the Rice condition fits for both series are good, as 

they are all over 91%. Dolly’s data for Series 1 on the Rice condition has been  
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Table 5. 

The parameters α, ln Q0 and Q0 for the functions fitted to Equation 3 using the log 

consumption rate versus ln FR (for Series 1 and 2) for demand. Also shown are 

the standard errors of the estimates (se), the percentages of variance accounted 

for by the lines (%VAC) and the FR value at which the fitted functions predict 

maximal responding (Pmax) in units of the cost (C (Equation X)) and in units of 

standard normalised price (Norm or (C x Q0 )/100).  

                  
Pmax 

Food &      
Horse Series Ln Q0 Q0 α se %VAC C Norm 

                  

Petra YM1 5.84 343 0.000017 0.52 91 36 123 
YM2 6.04 420 0.000037 0.32 98 13 55 
R1 4.23 69 0.000114 0.54 70 26 18 
R2 1.62 5 0.005339 0.63 53 8 0 

Nina YM1 5.93 375 0.000037 0.46 91 15 55 
YM2 6.24 513 0.000044 0.35 97 9 46 
R1 5.05 156 0.000197 0.24 96 7 10 
R2 6.03 417 0.000795 0.37 95 1 3 

Rocky YM1 6.55 702 0.000022 0.26 99 13 92 
YM2 6.05 422 0.000030 0.16 99 16 68 
R1 5.77 321 0.000047 0.36 96 14 44 
R2 6.05 422 0.000023 0.45 95 21 90 

Dolly YM1 6.33 560 0.000058 0.26 98 6 35 
YM2 5.33 206 0.000041 0.43 94 24 50 
R1 - - - - - - - 

Snake YM1 5.55 258 0.000088 0.43 96 9 23 
YM2 5.77 320 0.000048 0.17 99 13 42 
R1 3.59 36 0.001539 0.32 93 4 1 
R2 2.78 16 0.008957 0.24 91 1 0 

Lily YM1 5.49 241 0.000073 0.17 99 12 28 
YM2 6.05 422 0.000030 0.16 99 16 68 
R1 3.89 49 0.000134 1.17 46 31 15 
R2 5.93 376 0.000015 0.12 96 35 133 
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removed from Table 3 as it is un- interpretable due to only two data points. The ln 

Q0 values for the Rice condition were between 1.62 and 6.05 and the Q0 values 

were between 5 and 422, showing large variation.The standard normalized Pmax 

data for Rice, excluding Rocky’s values of 44 and 90 and Lily’s value of 133 

(Series 2), were low and ranged from 0 to 18. 

When comparing Series 1 and 2 over both the Yearling mix and Rice 

conditions all horses, except Rocky, had higher initial rates of responding and 

worked to higher FRs in the Yearling mix condition. Rocky’s α and Pmax values 

for both series on both Yearling mix and Rice are similar. Nina and Rocky’s data 

for ln Q0 has very similar values for Yearling mix and Rice conditions. Rocky’s 

Yearling mix Series 2 and Rice Series 2 data are identical (see Table 5). In 

comparing essential value (α) the possible comparisons are: Yearling mix Series 1 

versus Rice Series1, Yearling mix Series1 versus Rice Series 2, Yearling mix 

Series 2 versus Rice Series 1, and Yearling mix Series 2 versus Rice Series 2, 

making 4 comparisons per horse and so 20 possible (excluding Dolly’s data).  

Petra, Nina and Snake have lower α values for Yearling mix for both series, than 

for both series with Rice. Rocky’s data show lower α values for Yearling mix 

Series 1 and 2 than for Rice Series 1, but the value for Rice Series 2 is between 

those two Yearling mix series. Lily’s α value from Rice Series 1 is larger than 

those from Yearling mix Series 1 and 2 and Rice Series 2, but her Rice Series 2 α 

value is smallest of all. Thus of all possible combinations the Yearling mix has 

greater essential value (smaller α values) than the Rice condition in 17 out of 20 

comparisons.  
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Discussion 

One aim of this experiment was to examine the performance of horses 

under a wider range of FR schedules than used in previous research with horses 

(Myers & Mesker, 1960; Walker, 1991). A further aim was to see whether 

response patterns differed when two different feeds (a high and low preferred feed 

obtained through Experiment 1, the preference assessment) were used.  

The first aim was achieved.  The horses’ performance on FR schedules 

was generally as expected from previous research (Myers & Mesker, 1960; 

Walker, 1991). It was also similar to that found with other species, for example, 

with pigeons (Felton & Lyon, 1966), hens (Bruce, 2007; Flevill, 2002; Grant, 

2005), possums (Hudson et al., 1999) and rats (Mazur, 1983). The similarities and 

differences are discussed next. 

Overall response rates in the current study showed a distinctive pattern for 

all horses in the Yearling mix (the highly preferred food) condition. Response 

rates increased with increasing FR and then they decreased over the last four FR 

values completed by each horse. Thus the response rates functions were bitonic 

(i.e., inverted U shapes).  The initial increase in rate was similar to that found by 

Myers and Mesker (1960) up to FR 11. The current results are similar to the 

bitonic overall response rate functions reported for pigeons (Felton & Lyon, 1966) 

and hens (Bruce, 2007; Grant, 2005). The overall response rates recorded with 

Rice (the least preferred food) were generally low compared to those from the 

Yearling mix condition, with no evidence of bitonicity for some horses. These 

results differ from those of Flevill (2002) who found that the overall response 

rates were highest on the puffed wheat condition (the less preferred food) 

compared to the wheat. Maybe the Rice was of so low value, given it maintained 
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so little behaviour, that it could possibly mean that it was only a weak reinforcer. 

Future studies are needed covering a wider range of foods to clarify these two 

different findings further.  

Hursh (1978) stated that bitonic relations between response requirements 

and overall response rates were more likely to occur under closed economic 

conditions. The functions in the current study are similar to those from Barofsky 

and Hurwitz (1968) and Flevill (2002), and like these, the present experiment was 

conducted under open economic conditions, as discussed later. 

Previous studies conducted with horses have limited their highest FR value 

to 11 (Myers & Mesker, 1960) and to 180 (Walker, 1991). Thus there are no data 

on higher FR requirements in horses and so comparisons at these higher FR 

values can be made only with the performance of other species. In the current 

study the horses obtained reinforcers up to FR 512. This is similar to FR 

performance in hens (Bruce, 2007; Flevill, 2002). In the current study the horses 

generally responded to higher FRs under the Yearling mix condition than under 

the Rice condition. Again this suggests that Rice is a “weaker” reinforcer. 

Previous research e.g.,(Foltin, 1992), has shown that responding for a low 

preferred feed (Flevill, 2002) or smaller amount of food (Grant, 2005) was faster 

at low FRs than for the highly preferred feed. The differences in response rates in 

both studies disappeared at high FR values. The present study did not find this. 

All horses responded faster at all FR values for Yearling mix than for Rice. It is 

possible that Rice just did not maintain enough behaviour for any effect to have 

been seen. Certainly previous data showing high response rates with smaller 

reinforcers with low FR values, termed the magnitude of reinforcer effect (e.g., 

Perone & Courtney, 1992), suggest that there should have been an effect if Rice 
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was simply a “smaller” reinforcer than Yearling mix. Possibly Rice was simply 

too different and of so low a value that it did not show the previously reported 

effect. This again needs further investigation. 

The running response rates for both feeds (Yearling mix and Rice) 

generally decreased with increases in FR. These results were similar to those 

reported by Felton and Lyon (1966), Foster et al. (1997) and Flevill (2002). In the 

current study the running response rates differed across feeds. Horses responding 

under the Yearling mix condition had faster rates of responding at the small FR 

values than the horses responding under the Rice condition and generally Rice 

gave lower responding at all FRs. The findings from the Rice condition differ 

from Flevill (2002) and Grant (2005) who found that as FR increased running 

response rates generally decreased similarly for both foods. 

Pauses within ratios affect the running response rates within the ratios. The 

cumulative records show that there were few pauses within the ratio under small 

FRs and for Yearling mix. Pauses in most FRs in the Rice condition reduced the 

running response rates and hence the overall response rates. Within-ratio pausing 

can be seen for higher FRs for Yearling mix but Rice did not maintain any 

behaviour at high FRs for most horses. The Yearling mix data are similar to those 

of  Felton and Lyon (1966), Foster et al. (1997) and Flevill (2002) who all found 

within-ratio pausing reduced running response rates at high FRs for the 

reinforcers they studied. 

When animals work on FR schedules they typically pause after each 

reinforcer. Most studies report that the FR value increases the PRP lengthens, e.g. 

Felton and Lyon (1966), Ferster and Skinner (1957), Foster et al. (1997), Mazur 

(1983) and Schlinger (2008). The present results are as expected and are similar to 
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those other findings.  The current study found that the PRP durations were short 

but increased slightly as FR increased for the Yearling mix condition. PRP 

durations for the Rice condition were generally very long and were variable over 

both series and with increasing FR values. This may be because of the low value 

of this reinforcer. Flevill (2002) found PRP durations were longer for the most 

preferred feed (wheat) and were shortest for a less preferred feed (puffed wheat). 

Additionally the magnitude of reinforcer effect (Perone & Courtney, 1992) is 

normally seen as decreased PRP for smaller reinforcers. As mentioned earlier it is 

not clear why Rice did not give rise to shorter PRPs. 

Another aim of the current study was to produce demand functions using 

two different feeds. When Equation 2 was used to describe these data, demand for 

access to Yearling mix showed mixed elasticity [i.e., demand functions show an 

initial inelastic demand followed by large decreases in consumption (elastic 

demand) over high FR values]. Demand functions were stable across series and 

very similar across horses under the Yearling mix condition. The mixed elasticity 

functions are similar to those found by Grant (2005), Bruce (2007) and Flevill 

(2002) with hens. As mentioned earlier, these studies found higher consumption 

(measured as number of reinforcers) at small FR values for the less preferred 

food. This was not found here. The Rice condition results, when there was a 

sensible amount of data, generally illustrated mixed elasticity but showed lower 

consumption than Yearling mix at all FRs.  However, most of the Rice data were 

very variable and had too few data points for sensible interpretation.  In spite of 

this the demand functions generated showed mixed elasticity.  Thus both 

conditions gave mixed elasticity and the horses responded to higher FR values 
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with Yearling mix compared to Rice. Thus Yearling mix seems to be a stronger 

reinforcer.  

Economic conditions under which demand studies are carried out can 

affect the shape of the demand functions (Hursh, 1980). Hursh (1980) states that 

in a closed economy, the consumption should continue to higher FR values than in 

an open economy, where the consumption should decrease sooner. These horses 

had alternative sources of food (grass, hay, chaff, Yearling mix, Maximize, Show 

conditioner and vitamins and minerals) so the economy was open in Hursh’s 

terms. Thus the data need to be interpreted taking this into account. If the current 

study had been run under a closed economy then it is likely that responding under 

the Yearling mix condition, and possibly under the Rice condition, may have been 

faster and to higher FR values. Foster et al. (1997) have suggested that the effect 

of the “openness” of the economy may be a result of session length. In their terms 

the sessions in this experiment were short. It maybe that had the horses been 

allowed to “respond” for these supplements all day in their stables responding 

may have continued to even higher FR values and  they may have responded for 

Rice. Further research is needed to see if the availability of other feeds was the 

reason the horses did not respond well to obtain the Rice. 

Demand functions were fitted through non-linear regression using both 

Equation 2 and Equation 4. The fitted functions found using Equation 2 (Hursh et 

al., 1988) were good descriptions of the data for the Yearling mix condition but, 

due to variable data and lack of data in the Rice condition, the functions were not 

all “sensible”. The %VAC, when using Equation 2, ranged from 44% to 100% 

under the Rice condition and from 89% to 98% under the Yearling mix condition. 

The L values (consumption at minimal price) were higher under the Yearling mix 
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condition than the Rice condition, reflecting the low response rates for rice and 

low FR value. The parameter values, a and b, were not systematically different 

over either series or conditions and so were not affected by the degree of 

preference for the food in any orderly way.  

Pmax values for Yearling mix were much higher than for the Rice. This 

indicates that the ‘price’ at which responding for Yearling mix shifted from 

inelastic to elastic was higher than for Rice. Therefore, the horses worked harder 

to higher FR values for Yearling mix than for Rice. The findings for Pmax are 

similar to those of Bruce (2007) and Flevill (2002) where there were larger 

average Pmax values for the most preferred food Thus, while a and b did not differ 

over the two foods both L and Pmax did. It seems that the two elasticity parameters 

were not affected by the food preference.  

The Pmax values Flevill (2002)  found with hens were higher than those 

found in this experiment for horses. Flevill’s (2002) high Pmax values are reflected 

in the higher maximum FR values reached, with hens continuing to respond to 

FRs of 1024, whereas, while Petra reached FR 512, most of the other horses 

stopped responding at around FR 128. This may be a result of the open economic 

conditions, for example, the horses may have experienced satiation or may suffer 

from fatigue, more than hens.  

The fitted functions found using Equation 4 (Hursh & Silberberg, 2008) 

generally show good fits for both feeds over both series. The %VAC ranged from 

91% and 99% for Yearling mix and 46% and 96% for the Rice condition. These 

high values are seen when k, in this case 6, is chosen close to the best-fitting k 

value (i.e., that found when k was left free to vary).   Using a fixed value for k 

then reduces the fits for some of the data sets but still gives good fits.  Also fixing 
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the value of k reduces the number of free parameters in Equation 4 from three to 

two, α and Q0. Generally the more free parameters the better the fit of a function. 

Thus, it is surprising that Equation 4 fits as well as (and sometimes better than) 

Equation 2 which has three free parameters.  

The Q0 values were generally larger for Yearling mix than for Rice, again 

reflecting the lower response rates for the Rice.  The α values range from 

0.000017 to 0.000088 for Yearling mix and range from 0.000015 to 0.005339 for 

the Rice. The α values were generally consistently different over conditions (but 

not over series within a condition), with Yearling mix giving small α values, 

suggesting less elastic demand for Yearling mix. The α values for Rice suggest 

greater elasticity of the demand functions and that the food was of less “value”. 

Hursh and Silberberg (2008) suggest that such a difference in α values implies 

that Yearling mix has higher essential value than Rice, a finding consistent with 

the preference data.  

Using Hursh and Silberberg’s (2008) standardized price and then 

normalizing these values (as they do by dividing by 100),  gives normalized Pmax 

values ranging from 23 to 123 for the Yearling mix condition and from 0 to 133 

for the Rice condition.  Generally the Rice gave smaller normalized Pmax values 

than Yearling mix with two exceptions (one for Rocky and one for Lily).  Lower α 

values are associated with the lower Pmax values in this study. This in general both 

the normalized Pmax values and the α values seem to reflect the lower preference 

for Rice. 

Comparing the %VAC for the fits of Equation 2 (Table 4) and of Equation 

4 (Table 5) to these data shows that both gave good fits for Yearling mix.  The 

%VAC was similar for Rice with good and poor fits to the same data sets. As 
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mentioned above, this is surprising given the different number of free parameters. 

Equation 4 functions visually describe some of the Rice condition data better than 

Equation 2 and there are no u-shaped functions for the Rice condition.  It seems 

that Equation 4 maybe better suited to describe the current study’s data than 

Equation 2. 

The initial consumption values generated by the two equations, L and Q0, 

can also be compared. The Q0 values (Equation 4) are more often than not the 

closest to the actual reinforcers obtained by the horses at FR 1 than are the L 

values (Equation 2) (as can be seen by examination of the data files in Appendix 

C). This is a result of the fact that the L values tend to be higher than actual 

consumption found as a result of the steep initial slopes (b values).  On the other 

hand Equation 4 asymptotes at ln Q0 and so the functions tend to cross the Y-axis 

closer to the actual consumption level found.  Thus again Equation 4 may be the 

better description of the present data. 

The initial slope (b) and rate of change of elasticity (a) parameters 

(Equation 2) were not systemically affected by the type of food. However, the α 

values (Equation 4) were systemically affected – the less preferred food had the 

lesser essential value.  
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Overview and General Discussion 

In the first experiment, the preference of six horses for several foods was 

assessed using a MSWO procedure. The procedure gave preference rankings for 

each food. Based on these, the most highly preferred food (Yearling mix) and the 

lowest preferred feed (Rice) across all six horses were identified and these were 

used in Experiment 2 to study the behaviour of these animals under FR schedules 

of reinforcement. 

Experiment 2 examined horses’ performance under FR schedules. There 

were generally bitonic relations between changes in FR sizes and overall response 

rates, while running response rates decreased and PRPs increased as FR increased. 

These results are similar to those of previous studies of FR performance with 

other species. The cumulative graphs of responding under each FR also show 

response patterns similar to those found for many other species under FR 

schedules. The Yearling mix and Rice data produced curvilinear demand 

functions, showing mixed elasticity, but the horses worked to higher FR values for 

Yearling mix than for the Rice. The Rice condition had limited data, due to the 

lack of responding at higher FR values by some horses. 

The current study failed to get enough data across all horses in the Rice 

condition, but the data that was obtained suggested that Rice was less “valued” by 

the horses in this experiment. Further evidence of the low value of Rice as a 

reinforcer comes from the observation that during the Rice condition although 

most of the horses would respond on the FR schedule, they frequently did not 

always consume the food but would spread it all over the table and flick it onto 

the floor. It is not clear what might be done about this but maybe selecting a 

(slightly) more preferred reinforcer might have helped. It is possible that the open 
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economic conditions gave rise to this problem and maybe using different 

economic conditions, rather than just depriving the horses of food prior to the 

experimental session would have given different results. Therefore, the use of a 

more highly preferred food or using more closed economic condition with regard 

to supplementary food is recommended in any replication of this study.  

Equation 2 (Hursh et al., 1988) and Equation 4 (Hursh & Silberberg, 2008) 

were used to fit demand functions to the data obtained in Experiment 2. The fitted 

functions found using Equation 4 (Hursh & Silberberg, 2008) show good fits for 

both the Yearling mix and Rice data. The functions obtained using this equation 

are better description of more of the data for those found with Equation 2, which 

produced u-shaped functions for some of the Rice data. In addition, as previously 

mentioned, the parameter α (Equation 4) reflected the relative preference found 

(and seen) for the two foods while a and b from Equation 2 did not. Also the 

consumption found FR 1 was closer to that of Equation 4 than that of Equation 2.  

These findings suggest, as mentioned earlier, that Equation 4 provided better 

descriptions of the current study’s data. 

Limitations 

There are some issues that need to be taken into account when interpreting 

these results. For example, one problem that arose during the experiment was the 

consistency of the feed being used. As the Yearling mix was a mixture of different 

grains and molasses it became very sticky during the summer months which often 

made it stick when moving through the equipment and so it was not always 

delivered consistently into the bowl. This may have altered responding during 

these times, as the time the feeder operated had to be changed to help with this 

problem and sometimes the food had to be hand delivered. On the other hand the 
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Rice was dry and flowed very easily and so sometimes delivered more than the 

planned 8gms of feed. These problems with the amount of food delivered may 

have affected the results. 

In addition, horses are large and strong animals. Although every attempt 

was made to make the equipment robust sometimes there were equipment 

problems resulting from their interactions with the equipment which meant some 

unreliability in operation, e.g., the lever ceasing operation. When this happened 

the session was stopped and the data were not used and the equipment was fixed 

as soon as possible before another session was run. It is possible that these 

problems may have affected horses’ behaviour.   

Another problem that occurred during the present experiment was that 

sometimes the horses turned around in the stall and, as already mentioned, did not 

eat the food during the Rice condition. To minimize the likelihood of this 

occurring in the future the stall could have been made slightly narrower to 

eliminate the opportunity to turn around during the experiment. Also, as suggested 

above, the use a more closed economy may have helped here and maybe the 

horses would have responded differently on the Rice. 

After the preference assessment (Experiment 1) two horses did not adapt 

to the automatic feeder within a sensible time, therefore two new horses were used 

in Experiment 2. This adaptation problem may have been because one of the 

horses was young and had had limited handling, and so was sensitive to the noise 

of the automatic feeder and the food being delivered down the chute into the 

bowl. The other horse that did not adapt was a stallion. Stallions are known to be 

sensitive to different smells and so this may have been a reason to the lack of 

adaptability exhibited by this horse.  
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Before the experiment was conducted previous response manipulanda used 

with horses were studied to see what kind of levers or presses were available. The 

plate that was nose pressed in a previous horse study (Walker, 1991) had multiple 

problems. For example, one subject “blew raspberries” on the plate and was able 

to produce very high rates of operation with very little effort, while other subjects 

made discrete responses. With this in mind a lever was chosen for the current 

experiment as this had been successful with other species and produced little or no 

problems and had been successfully used  by Foster et al. (1997) with horses. Two 

of the horses in the current study broke the lever on several occasions by grabbing 

it in their mouths and pulling it upward. This could be minimized by using a more 

robust lever. However, the lever used had been designed for use in hostile 

industrial environments. Future research should examine other manipulanda that 

could be operated by horses.  

Conclusion 

This study is the first to use a MSWO assessment procedure to determine 

horses’ preference over four different feeds. This was successful in selecting two 

foods of different ‘value’ to the horses. Responding under FR schedules 

maintained by access to Yearling mix was very similar to that of other species. 

However, the Rice did not continue to maintain all horses’ behaviour as FR was 

increased. 

The current study’s data show, then, that the exact reinforcer used 

certainly affects the FR performance of horses. However, the results were not as 

found by others, in that the low preference food resulted in low response rates and 

maintained little behaviour when the FR was larger than 2 for several horses. 

Some of the possible reasons for this difference have been discussed. It is 
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suggested that the availability of food outside of the session (i.e., type of 

economy) might be one reason for this finding.  Further research on foods with 

different preference rankings and their effects on FR responding is needed as it is 

not clear why the current study’s results were different to those of Flevill (2002). 

This research could include a wider range of foods and also a wider range of 

deprivation conditions related to those foods. 

The current study is the first to examine demand for different feeds in 

horses and is the first to try and examine the effects of preference for the food on 

the shape of the demand function for horses. The results show that Hursh and 

Silberberg’s (2008) analysis provides a good description of these data suggesting 

that Rice has a lower ‘essential value’ than Yearling mix. They also show that it is 

possible to use operant methods to study horse learning and to study the schedule 

control of their behaviour. The present data add to the very limited information 

available on the learning abilities of horses, a domesticated species in New 

Zealand.  
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Appendix A 

The raw data from Experiment 1. The horse, date, trial, presentation order, order, 

food type chosen, position chosen from, latency and preference level are 

presented.  

PETRA Trial Presentation Order Order Food Type Chosen Position Latency Preference level

23/11/2007 1 CRYE 1 Y 3 3.5 1 

  1 RXEC 2 E 3 3.78 2 

  1 XXCR 3 C 3 3.75 1 

  1 XXRX 4 R 3 3.46 2 

  2 RYEC 1 Y 2 3.32 1 

  2 XECR 2 E 2 3.84 1 

  2 XCRX 3 C 2 3 1 

  2 XRXX 4 R 2 2.93 3 

  3 YECR 1 C 3 3.62 1 

  3 EXRY 2 R 3 3.25 3 

  3 XXYE 3 Y 3 3.28 1 

  3 XXEX 4 E 3 3.57 2 

  4 ECRY 1 Y 4 4.41 1 

  4 CRXE 2 C 1 3.13 1 

  4 RXEX 3 E 3   1 

  4 XXXR 4 R 4 3.88 3 

  5 CREY 1 Y 4 10.59 1 

  5 REXC 2 C 4 4.75 1 

  5 EXXR 3 E 1 6.44 1 

  5 XXRX 4 R 3 12.16 4 

  6 RCYE 1 C 2 3.9 1 

  6 XYER 2 Y 2 4.38 1 

  6 XERX 3 E 2 3.75 1 

  6 XRXX 4 R 2 4.25 3 

  7 YERC 1 C 1 3.37 1 

  7 ERCX 2 E 1 3.88 3 

  7 XERX 3 Y 2 3.57 1 

  7 XXXR 4 R 4   4 

  8 ECYR 1 E 1 3.84 3 

  8 CYRX 2 Y 2 4.03 1 

  8 XRXC 3 C 4 11.37 1 

  8 RXXX 4 R 1 10.91 4 

  9 CYER 1 Y 2 4 1 

  9 XERC 2 C 4 6 1 

  9 ERXX 3 E 1 5.04 2 

  9 RXXX 4 R 1 13.5 4 

  10 RECY 1 C 3 3.9 1 

  10 EXYR 2 Y 3 3.5 1 

  10 XXRE 3 E 4 5.03 2 

  10 XRXX 4 R 2 5.16 3 

  11 YREC 1 C 4 3.97 2 

  11 REXY 2 E 2 3.97 1 

  11 XXYR 3 Y 3 3.72 2 
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  11 XXRX 4 R 3 5 4 

  12 ERYC 1 E 1 3.56 1 

  12 RYCX 2 Y 2 3.09 1 

  12 XCXR 3 C 2 2.91 1 

  12 XXRX 4 R 3 4.2 3 

  13 CEYR 1 C 1 3.38 1 

  13 EYRX 2 Y 2 3.31 1 

  13 XRXE 3 R 2 9.87 2 

  13 XXEX 4 E 3 4.5 1 

  14 RCEY 1 C 2 3.21 1 

  14 XEYR 2 Y 3 3.47 1 

  14 EXRX 3 E 1 4.44 1 

  14 XRXX 4 R 2 4.03 3 

26/11/2007 15 YRCE 1 Y 1 3.37 1 

  15 XRCE 2 C 3 3.44 1 

  15 RXEX 3 E 3 4.03 1 

  15 XXRX 4 R 3 20+ 4 

  16 ERCY 1 Y 4 3.62 1 

  16 RCXE 2 E 4 3.53 1 

  16 CXXR 3 C 1 3.34 1 

  16 XXRX 4 R 3 8.19 4 

  17 CERY 1 E 2 4.09 2 

  17 XRYC 2 Y 3 3.62 1 

  17 RXCX 3 C 3 3.72 1 

  17 XXXR 4 R 4 22+ 4 

  18 RYCE 1 C 3 3.63 1 

  18 YXER 2 Y 1 2.97 1 

  18 XERX 3 E 2 3.71 1 

  18 XRXX 4 R 2 4.91 3 

  19 YCRE 1 Y 1 3.03 1 

  19 CREX 2 E 3 3.84 2 

  19 RXXC 3 C 4 6.1 1 

  19 XXXR 4 R 4 4.03 4 

  20 EYRC 1 C 4 3.47 1 

  20 YRXE 2 E 4 3.37 1 

  20 RXXY 3 Y 4 3.18 1 

  20 XXXR 4 R 4 13 + 4 

  21 CYRE 1 Y 2 3.34 1 

  21 XREC 2 C 4 3.71 1 

  21 REXX 3 E 2 4.53 1 

  21 XXXR 4 R 4 8.63 3 

  22 REYC 1 Y 3 3.9 1 

  22 EXCR 2 C 3 3.72 1 

  22 XXRE 3 E 4 5.12 2 

  22 XRXX 4 R 4   4 

  23 YCER 1 E 3 4.03 1 

  23 CXRY 2 Y 4 3.06 2 

  23 XRXC 3 C 4 4.82 1 

  23 RXXX 4 R 4   4 

  24 EYCR 1 Y 2 3.19 1 

  24 XCRE 2 E 4 3.59 1 

  24 CRXX 3 C 1 5.34 1 



89 

 
  24 RXXX 4 R 4   4 

NINA 1 CRYE 1 Y 3 3.25 1 

 14/12/2007 1 RXYC 2 C 4 6.18 2 

  1 XEXR 3 E 2 3.88 2 

  1 XXRX 4 R 3 3.57 2 

  2 RYEC 1 R 1 3.15 2 

  2 YECX 2 E 2 3.05 3 

  2 XCXY 3 Y 4 3.25 1 

  2 CXXX 4 C 1 3.75 1 

  3 YECR 1 C 3 3.22 2 

  3 EXRY 2 R 3 3.47 3 

  3 XXYE 3 E 4 3.19 2 

  3 XYXX 4 Y 2 3.75 1 

  4 ECRY 1 C 2 3.58 1 

  4 XRYE 2 Y 3 3.84 1 

  4 RXEX 3 E 3 2.15 2 

  4 XXXX 4 R 4 2.38 4 

  5 CREY 1 C 1 3.25 1 

  5 REYX 2 E 2 5.25 2 

  5 XYXR 3 Y 2 3.63 1 

  5 XXXX 4 R 3 12.19 4 

  6 RCYE 1 C 2 2.85 1 

  6 XYER 2 E 3 2.75 3 

  6 YXRX 3 Y 1 3.34 2 

  6 XRXX 4 R 2 4.25 1 

  7 YERC 1 C 4 3.25 1 

  7 ERXY 2 Y 4 3.56 2 

  7 RXXE 3 E 4 3.82 1 

  7 XXXR 4 R 4 3.7 2 

  8 ECYR 1 Y 3 3.19 2 

  8 CXRE 2 E 4 2.93 1 

  8 XRXC 3 C 4 3.09 1 

  8 RXXX 4 R 1 4.78 3 

  9 CYER 1 R 4 3.47 3 

  9 YEXC 2 C 4 3.67 1 

  9 EXXY 3 Y 4 3.31 1 

  9 XXRX 4 E 4 3.44 1 

17/12/2007 10 RECY 1 Y 4 4.12 2 

  10 ECXR 2 R 4 2.82 3 

  10 CXXE 3 C 1 2.51 1 

  10 XXEX 4 E 3 2.56 1 

  11 YREC 1 C 4 2.85 1 

  11 REXY 2 E 2 2.93 1 

  11 XXYR 3 R 4 2.81 3 

  11 XYXX 4 Y 2 3.81 2 

  12 ERYC 1 Y 3 3.4 2 

  12 RXCE 2 E 4 3.34 2 

  12 XCXR 3 C 2 4.47 1 

  12 XXXX 4 R 3 20.22 4 

  13 CEYR 1 C 1 3.23 1 

  13 EYRX 2 Y 2 3.17 1 

  13 XRXE 3 E 4 3.47 2 
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  13 RXXX 4 R 1 5.09 3 

  14 RCEY 1 Y 4 3.92 2 

  14 CEXR 2 C 1 3.02 1 

  14 EXRX 3 E 1 4.18 2 

  14 XRXX 4 R 2 4.92 3 

  15 YRCE 1 C 3 3.41 1 

  15 RXEY 2 E 3 3.92 2 

  15 XXYR 3 Y 3 2.88 1 

  15 XXRX 4 R 3 4.69 2 

  16 ERCY 1 C 3 3.25 1 

  16 RXEY 2 E 4 4.09 2 

  16 XYXR 3 Y 2 3.25 1 

  16 XXRX 4 R 3 5.16 3 

  17 CERY 1 C 1 3.16 1 

  17 ERYX 2 E 1 4.05 1 

  17 RYXX 3 Y 2 3.26 1 

  17 XXXR 4 R 4 5.15 3 

  18 RYCE 1 Y 2 3.78 1 

  18 XCER 2 E 3 4.22 2 

  18 CEXX 3 C 1 3.01 1 

  18 XRXX 4 R 2 6.95 3 

  19 YCRE 1 C 2 3.89 2 

  19 XREY 2 E 3 4.66 2 

  19 RXYX 3 Y 3 2.98 1 

  19 XXXR 4 R 4 9.44 3 

  20 EYRC 1 Y 2 3.88 1 

  20 XRCE 2 C 3 3.21 1 

  20 RXEX 3 E 3 4.87 3 

  20 XXXR 4 R 4 9.05 3 

  21 CYRE 1 E 4 4.26 1 

  21 YRXC 2 C 4 3.77 1 

  21 RXXY 3 Y 4 3.81 1 

  21 XXXX 4 R 4 9.66 4 

  22 REYC 1 C 4 3.07 1 

  22 EYXR 2 Y 2 2.98 1 

  22 XXRE 3 R 3 8.2 4 

  22 XXXX 4 E 3 3.85 2 

  23 YCER 1 E 3 3.83 2 

  23 CXRY 2 C 1 3.13 1 

  23 XRYX 3 Y 3 3.24 1 

  23 RXXX 4 R 1 10.21 3 

  24 EYCR 1 C 3 3.16 1 

  24 YXRE 2 E 4 4.09 2 

  24 XRXY 3 Y 4 3.63 1 

  24 RXXX 4 R 1 6.88 2 

ROCKY 1 CRYE 1 R 2 3.38 1 

23/11/2007 1 XYEC  2 E 3 3.28 1 

  1 YXCX 3 Y 1 3.37 1 

  1 XCXX 4 C 2 3.04 1 

  2 RYEC 1 E 3 3.12 1 

  2 YXCR 2 C 3   1 

  2 XXRY 3 R 3 5.18 1 
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  2 XXYX 4 Y 3 4.46 1 

  3 YECR 1 R 4   1 

  3 ECXY 2 Y 4 3.31 1 

  3 CXXE 3 E 4 3.19 2 

  3 XXXC 4 C 4 3.18 1 

  4 ECRY 1 Y 4 3.15 1 

  4 CRXE 2 R 2 3.41 1 

  4 XXEC 3 E 3 3.16 1 

  4 XXCX 4 C 3 4 1 

  5 CREY 1 Y 4   1 

  5 REXC 2 C 4 3.84 1 

  5 EXXR 3 R 4 3.44 1 

  5 XXXE 4 E 4 3.35 1 

  6 RCYE 1 E 4 3.25 1 

  6 CYXR 2 R 4 2.88 1 

  6 YXXC 3 C 4 3.88 1 

  6 XXXC 4 Y 4 3.61 1 

  7 YERC 1 C 4 3.5 1 

  7 ERXY 2 Y 4 3.34 1 

  7 RXXE 3 E 4 2.59 1 

  7 XXXR 4 R 4 2.72 1 

  8 ECYR 1 C 2 3.19 2 

  8 XYRE 2 E 4 3.37 1 

  8 YRXX 3 Y 1 3.03 1 

  8 RXXX 4 R 1 5.31 3 

  9 CYER 1 C 1 3.31 1 

  9 YERX 2 Y 1 2.85 1 

  9 ERXX 3 E 1 3.07 1 

  9 RXXX 4 R 1 3.22 2 

  10 RECY 1 E 2 2.93 2 

  10 XCYR 2 C 2 3 1 

  10 XYRX 3 Y 2 3.54 1 

  10 XRXX 4 R 2 3.19 1 

  11 YREC 1 Y 1 3.19 1 

  11 RECX 2 E 2 3.91 1 

  11 XCXR 3 C 2 3.22 1 

  11 XXRX 4 R 3 4.09 2 

  12 ERYC 1 Y 3 2.94 1 

  12 RXCE 2 E 4 2.97 1 

  12 XCXR 3 C 2 3.1 1 

  12 XXRX 4 R 3 2.78 1 

  13 CEYR 1 Y 3 2.68 1 

  13 EXRC 2 C 4 3.16 1 

  13 XRXE 3 E 4 3.02 2 

  13 RXXX 4 R 1 6.2 2 

  14 RCEY 1 E 3 3.41 2 

  14 CXYR 2 Y 3 2.72 1 

  14 XXRC 3 C 4 3.22 1 

  14 XRXX 4 R 2 3.62 2 

  15 YRCE 1 C 3 3.66 1 

  15 RXEY 2 Y 4 3.25 1 

  15 XEXR 3 R 4 3.28 1 
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  15 EXXX 4 E 1 4 1 

  16 ERCY 1 Y 4 2.69 1 

  16 RCXE 2 C 2 3.21 1 

  16 XXER 3 E 3 3.62 2 

  16 XXRX 4 R 3 4.07 3 

  17 CERY 1 Y 4 3.84 1 

  17 ERXC 2 C 4 3.38 1 

  17 RXXE 3 E 4 3.46 3 

  17 XXXR 4 R 4 4.18 2 

  18 RYCE 1 Y 2 3.13 1 

  18 XCER 2 C 2 2.91 1 

  18 XERX 3 E 2 3.82 1 

  18 XRXX 4 R 2 4.09 2 

  19 YCRE 1 Y 1 3.71 1 

  19 CREX 2 C 1 3.86 1 

  19 REXX 3 E 2 3.55 1 

  19 XXXR 4 R 4 3.88 2 

  20 EYRC 1 C 4 2.68 1 

  20 YRXE 2 Y 1 3.16 1 

  20 RXEX 3 E 3 3.02 2 

  20 XXXR 4 R 4 6.2 2 

  21 CYRE 1 R 2 3.84 1 

  21 XREC 2 E 3 3.38 3 

  21 RXCX 3 C 3 3.46 1 

  21 XXXR 4 R 4 4.18 2 

  22 REYC 1 Y 3 3.19 1 

  22 EXCR 2 C 3 3.91 1 

  22 XXRE 3 E 4 3.22 2 

  22 XRXX 4 R 2 4.09 3 

  23 YCER 1 Y 1 3.71 1 

  23 CERX 2 C 1 3.86 1 

  23 ERXX 3 E 1 3.55 2 

  23 RXXX 4 R 1 3.88 2 

  24 EYCR 1 Y 2 3.12 1 

  24 XCRE 2 E 4 3.45 3 

  24 CRXX 3 C 1 3.67 1 

  24 RXXX 4 R 1 4.79 3 

DOLLY 1 CRYE 1 Y 3 3.28 1 

10/12/2007 1 RXEC 2 E 3 3.44 1 

  1 XXCR 3 C 3 3.37 1 

  1 XXRX 4 R 3 3.34 3 

  2 RYEC 1 Y 2 3.44 1 

  2 XECR 2 E 2 4.28 1 

  2 XCRX 3 C 2 4.75 1 

  2 XRXX 4 R 2 4.28 2 

  3 YECR 1 Y 1 3.5 1 

  3 ECRX 2 C 2 3.47 2 

  3 XRXE 3 R 2 3.65 3 

  3 XXEX 4 E 3 3.85 1 

  4 ECRY 1 C 2 5.03 1 

  4 XRYE 2 R 2 3.47 3 

  4 XYEX 3 Y 2 5.37 1 
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  4 XEXX 4 E 2 3.72 1 

  5 CREY 1 E 3 3.66 3 

  5 RXYC 2 Y 3 3.38 1 

  5 XXCR 3 C 3 3.53 1 

  5 XXRX 4 R 3 3.31 3 

  6 RCYE 1 C 2 3.91 2 

  6 XYER 2 Y 2 3.16 1 

  6 XERX 3 E 2 3.16 1 

  6 XRXX 4 R 2 3.59 1 

  7 YERC 1 Y 1 3.19 1 

  7 ERCX 2 E 1 3.32 1 

  7 RCXX 3 C 2 3.53 1 

  7 XXXX 4 R 4 20.07 4 

  8 ECYR 1 E 1 3.57 1 

  8 CYRX 2 Y 2 6.82 1 

  8 XRXC 3 R 2 3.47 3 

  8 XXCX 4 C 3 5.19 1 

  9 CYER 1 E 3 3.94 3 

  9 YXRC 2 Y 1 5.22 1 

  9 XRCX 3 C 3 4.58 2 

  9 RXXX 4 R 1 20.66 3 

  10 RECY 1 E 2 3.84 2 

  10 XCYR 2 Y 3 5.09 1 

  10 CXRX 3 C 1 5.37 1 

  10 XRXX 4 R 2 7.53 2 

  11 YREC 1 Y 1 3.75 1 

  11 RECX 2 C 3 5.72 1 

  11 EXXR 3 E 1 5.8 1 

  11 XXXX 4 R 3 4.97 4 

  12 ERYC 1 E 1 3.82 2 

  12 RYCX 2 C 3 4.43 1 

  12 YXXR 3 Y 1 5.5 1 

  12 XXXX 4 R 3 20+ 4 

  13 CEYR 1 E 3 4.65 1 

  13 EXRC 2 Y 3 4.65 3 

  13 XXCE 3 C 3 3.69 1 

  13 XXEX 4 R 3 3.96 1 

11/12/2007 14 RCEY 1 E 4 3.78 1 

  14 CEXR 2 Y 2 5.91 2 

  14 XXRC 3 C 3 6.16 3 

  14 XXCX 4 R 3 3 ish 1 

  15 YRCE 1 Y 3 3.84 1 

  15 RXEY 2 E 4 4.06 1 

  15 XEXR 3 C 2 5.53 1 

  15 XXXX 4 R 3 4.97 4 

  16 ERCY 1 E 3 3.59 1 

  16 RXYE 2 C 4 4.22 3 

  16 XYXR 3 Y 2 6.12 1 

  16 XXXX 4 R 3 3.63 4 

  17 CERY 1 Y 4 4.06 1 

  17 ERXC 2 R 4 3.66 1 

  17 RXXE 3 C 4 3.84 1 



94 

 
  17 XXXX 4 E 4 17+ 4 

  18 RYCE 1 Y 2 3.78 1 

  18 XCER 2 E 3 4.09 1 

  18 CXRX 3 R 1 6.63 1 

  18 XXXX 4 C 2 6.75 4 

  19 YCRE 1 C 4 4.25 1 

  19 CRXY 2 Y 4 4.94 1 

  19 RXXC 3 E 4 4.1 1 

  19 XXXX 4 R 4 4.44 4 

  20 EYRC 1 C 2 3.78 1 

  20 XRCE 2 Y 4 4.5 1 

  20 RCXX 3 E 2 6.94 1 

  20 XXXX 4 R 4 11.09 4 

  21 CYRE 1 E 4 4.37 1 

  21 YRXC 2 Y 1 4.57 1 

  21 RXCX 3 C 3 4.97 1 

  21 XXXX 4 R 4 18+ 4 

  22 REYC 1 E 2 3.84 2 

  22 XYCR 2 Y 2 4.34 1 

  22 XCRX 3 C 2   1 

  22 XRXX 4 R 2 3.84 3 

  23 YCER 1 E 3 5 1 

  23 CXRY 2 Y 4 4.03 1 

  23 XRXC 3 C 4 4.19 1 

  23 RXXX 4 R 1 5.28 2 

  24 EYCR 1 E 1 4 3 

  24 YCRX 2 C 2 4.06 1 

  24 XRXY 3 Y 4 4.5 1 

  24 RXXX 4 R 1 6.2 3 

STEVIE 1 CRYE 1 Y 3 3.13 2 

15/03/2008 1 RXEC 2 E 3 3.25 2 

  1 XXCR 3 C 3 3.47 1 

  1 XXRX 4 R 3 3.28 3 

  2 RYEC 1 Y 2 3.22 2 

  2 XECR 2 E 2 3.4 1 

  2 XCRX 3 C 2 3.52 1 

  2 XRXX 4 R 2 3.98 1 

  3 YECR 1 E 2 3.72 1 

  3 XCRY 2 C 2 3.4 2 

  3 XRYX 3 Y 3 3.46 1 

  3 RXXX 4 R 1 5.85 2 

  4 ECRY 1 C 2 3.59 2 

  4 XRYE 2 R 2 4.22 3 

  4 XYEX 3 Y 2 3.59 1 

  4 XEXX 4 E 2 4.03 1 

  5 CREY 1 Y 4 3.02 1 

  5 REXC 2 C 4 3.28 1 

  5 EXXR 3 R 4 3.85 3 

  5 XXXE 4 E 4 2.95 1 

  6 RCYE 1 Y 3 2.95 1 

  6 CXER 2 C 1 3.4 1 

  6 XERX 3 E 2 3.66 1 
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  6 XRXX 4 R 2 3.82 3 

  7 YERC 1 C 4 3.86 1 

  7 ERXY 2 Y 4 2.97 1 

  7 RXXE 3 E 4 3.4 2 

  7 XXXR 4 R 4 3.88 3 

  8 ECYR 1 Y 3 3.33 1 

  8 CXRE 2 R 3 3.54 3 

  8 XXEC 3 E 3 3.28 1 

  8 XXCX 4 C 3 3.56 1 

  9 CYER 1 C 1 3.05 1 

  9 YERX 2 Y 1 3.28 1 

  9 ERXX 3 E 1 3.16 1 

  9 RXXX 4 R 1 3.66 3 

  10 RECY 1 Y 4 3.12 1 

  10 ECXR 2 C 2 3.24 1 

  10 XXRE 3 R 3 4.46 3 

  10 XXEX 4 E 3 4.02 2 

  11 YREC 1 Y 1 2.59 1 

  11 RECX 2 R 1 3.5 3 

  11 ECXX 3 E 1 3.4 1 

  11 CXXX 4 C 1 3.35 1 

  12 ERYC 1 Y 3 3.11 1 

  12 RXCE 2 C 3 3.27 1 

  12 XXER 3 E 3 4.01 2 

  12 XXRX 4 R 3 4.34 3 

16/03/2008 13 CEYR 1 E 2 3.25 1 

  13 XYRC 2 Y 2 3.55 1 

  13 XRCX 3 R 2 4.66 3 

  13 XCXX 4 C 2 3.81 1 

  14 RCEY 1 E 3 3.11 1 

  14 CXYR 2 Y 3 3.04 1 

  14 XXRC 3 R 3 4.67 3 

  14 XXCX 4 C 3 3.44 1 

  15 YRCE 1 Y 1 3.81 1 

  15 RCEX 2 C 2 3.66 2 

  15 XEXR 3 E 2 3.74 2 

  15 XXRX 4 R 3 3.93 3 

  16 ERCY 1 C 3 3.44 2 

  16 RXCE 2 Y 3 3.5 1 

  16 XXER 3 E 3 3.5 2 

  16 XXRX 4 R 3 4.28 3 

  17 CERY 1 Y 4 3.22 1 

  17 ERXC 2 C 4 3.91 2 

  17 RXXE 3 E 4 3.67 1 

  17 XXXR 4 R 4 4.82 3 

  18 RYCE 1 Y 2 3.25 1 

  18 XCER 2 C 2 3.34 1 

  18 XERX 3 E 2 3.31 2 

  18 XRXX 4 R 2 4.43 3 

  19 YCRE 1 C 2 3.21 1 

  19 XREY 2 Y 4 3.39 1 

  19 REXX 3 E 2 3.66 2 
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  19 XXXR 4 R 4 4.42 3 

  20 EYRC 1 Y 2 3.46 1 

  20 XRCE 2 C 3 3.81 2 

  20 RXEX 3 E 3 3.51 1 

  20 XXXR 4 R 4 4.01 3 

  21 CYRE 1 Y 2 3.04 1 

  21 XREC 2 R 2 3.84 3 

  21 XECX 3 E 2 3.21 2 

  21 XCXX 4 C 2 3.45 1 

  22 REYC 1 E 2 2.93 2 

  22 XYCR 2 Y 2 3.03 1 

  22 XCRX 3 R 3 3.79 3 

  22 CXXX 4 C 1 8.64 1 

  23 YCER 1 E 3 3.92 3 

  23 CXRY 2 C 1 3.84 1 

  23 XRYX 3 R 2 4.28 3 

  23 XYXX 4 Y 2 3.28 1 

  24 EYCR 1 Y 2 3.64 1 

  24 XCRE 2 C 2 3.51 2 

  24 XREX 3 E 3 3.26 1 

  24 RXXX 4 R 1 4.22 3 

ZARA 1 CRYE 1 Y 3 3.43 2 

17/03/2008 1 RXEC 2 E 3 4 2 

  1 XXCR 3 C 3 5.28 1 

  1 XXRX 4 R 3 21.31 4 

  2 RYEC 1 C 4 5.66 1 

  2 YEXR 2 E 2 6.37 1 

  2 XXRY 3 Y 4 10.88 2 

  2 XRXX 4 R 2 14.69 4 

  3 YECR 1 E 2 5.31 2 

  3 XCRY 2 C 2 5.28 1 

  3 XRYX 3 Y 3 26.21 3 

  3 RXXX 4 R 1   4 

  4 ECRY 1 E 1 4.4 2 

  4 CRYX 2 C 1 4.63 1 

  4 RYXX 3 Y 2 8.43 2 

  4 XXXR 4 R 4 14.93 4 

  5 CREY 1 C 1 3.25 1 

  5 REYX 2 E 2 4.12 1 

  5 XYXR 3 Y 2 3.85 1 

  5 XXRX 4 R 3   4 

  6 RCYE 1 C 2 4.59 1 

  6 XYER 2 Y 2 4.47 2 

  6 XERX 3 E 2 5.44 1 

  6 XRXX 4 R 2 16.13 4 

  7 YERC 1 Y 1 3.88 1 

  7 ERCX 2 R 2 4.16 3 

  7 XCXE 3 C 2 4.1 1 

  7 XXPX 4 E 3 3.91 2 

  8 ECYR 1 E 1 4.16 1 

  8 CYRX 2 Y 2 3.47 1 

  8 XRXC 3 C 4 12.09 1 
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  8 RXXX 4 R 1 13 4 

  9 CYER 1 Y 2 2.97 1 

  9 XERC 2 E 2 3.41 1 

  9 XRCX 3 R 2 4.12 3 

  9 XCXX 4  C 2 3.18 1 

  10 RECY 1 E 2 3.09 2 

  10 XCYR 2 Y 3 3.63 1 

  10 CXRX 3 C 1 10.35 1 

  10 XRXX 4 R 2 22.35 4 

  11 YREC 1 Y 1 3.16 1 

  11 RECX 2 E 2 3.6 2 

  11 XCXR 3 C 2 3.81 1 

  11 XXRX 4 R 3   4 

  12 ERYC 1 E 1 4.59 2 

  12 RYCX 2 Y 2 3.19 1 

  12 XCXR 3 C 2 5.75 1 

  12 XXRX 4 R 3   4 

  13 CEYR 1 Y 3 3.28 1 

  13 EXRC 2 E 1 3.34 2 

  13 XRCX 3 C 3 3.61 1 

  13 RXXX 4 R 1   4 

  14 RCEY 1 Y 4 3.3 1 

  14 CEYR 2 C 1 3.29 1 

  14 EXRX 3 E 1 3.72 2 

  14 XRXX 4 R 2 4.06 3 

  15 YRCE 1 C 3 4.11 1 

  15 RXEY 2 Y 4 3.66 1 

  15 XPXR 3 E 2 3.92 2 

  15 XXRX 4 R 3   4 

  16 ERCY 1 Y 4 3.82 1 

  16 RCXE 2 C 2 3.86 2 

  16 XXER 3 E 3 4.02 1 

  16 XXRX 4 R 3   4 

  17 CERY 1 Y 4 3.11 1 

  17 ERXC 2 E 1 3.34 1 

  17 RXCX 3 C 3 3.61 1 

  17 XXXR 4 R 4   4 

  18 RYCE 1 Y 2 3.3 1 

  18 XCER 2 C 2 3.29 1 

  18 XERX 3 E 2 3.72 2 

  18 XRXX 4 R 2 4.06 3 

  19 YCRE 1 Y 1 3.35 1 

  19 CREX 2 E 3 3.68 2 

  19 RXXC 3 C 4 3.44 1 

  19 XXXR 4 R 4   4 

  20 EYRC 1 C 4 3.42 1 

  20 YRXE 2 Y 1 3.33 1 

  20 RXEX 3 E 3 4.11 2 

  20 XXXR 4 R 4 4.4 3 

  21 CYRE 1 E 4 3.54 1 

  21 YRXC 2 Y 1 3.44 1 

  21 RECX 3 C 3 3.63 1 
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  21 XXXR 4 R 4   4 

  22 REYC 1 Y 3 3.21 1 

  22 EXCR 2 E 1 3.88 2 

  22 XCRX 3 C 2 3.76 1 

  22 XRXX 4 R 2 4.86 3 

  23 YCER 1 Y 1 3.04 1 

  23 CERX 2 C 1 3.89 2 

  23 ERXX 3 E 1 4.1 2 

  23 RXXX 4 R 1 4.71 3 

  24 EYCR 1 Y 2 3.17 1 

  24 XCRE 2 C 2 3.26 2 

  24 XREX 3 E 3 4.62 2 

  24 XEXX 4 R 2   4 
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Appendix B 

Cumulative record graphs for each horse under both feeds and series. Graphs 

show session length in seconds by the amount of responses made.  
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Appendix C 

The raw data for Experiment 2 are presented for each horse. The left to right 

column below is as follows: the horse number (H), the date (Day, Month  and 

Year), FR, time to first response (1ST R), the number of responses made (R), 

reinforcements (RFTS), the PRP duration, run time (RT), the key time (KT), total 

time (TT) and eat time (ET) are all recorded. Asterisks (*) represent days in which 

the sensor was not working. The measures are presented in seconds.  

 H     D     M   Y                FR          1ST R       R             RFTS       PRP           RT          KT             TT   ET 

 1 23  4  8       1      6    178    178   1760      0   1781   2814    243 

 1 24  4  8       1     22    331    331   1749     12   1800   3720    591 

 1 25  4  8       2      5    839    419    976    797   1800   3979      * 

 1 28  4  8       4     12   1424    356    529   1240   1800   3651   1110 

 1 29  4  8       8     15    962    120    428   1351   1800   2424    402 

 1 30  4  8      16      6   1121     70    296   1494   1800   2164    371 

 1  1  5  8      32      3    365     11    787   1010   1800   1857    100 

 1  4  5  8      64      0    640     10    157   1643   1800   1852    128 

 1  5  5  8     128     13    279      2     38   1749   1800   1810     23 

 1  6  5  8       1     23    160    160   1763      0   1800   2288    483 

 1  7  5  8       2      1    416    208   1498    290   1800   2434   1107 

 1  8  5  8       4      2    363     90    958    834   1800   2075    390 

 1  9  5  8       8      0    696     87    860    936   1800   2065    391 

 1 12  5  8      16      4   1521     95    436   1355   1800   2090    419 

 1 13  5  8      32      2   1632     51    442   1353   1800   1956    397 

 1 14  5  8      64      1    418      6     98   1701   1800   1818     42 

 1 15  5  8     128      8    483      3     39   1753   1800   1809     15 

 1 16  5  8     256     23     88      0      0   1777   1800   1800      0 

 1 21  6  8      10      1   1320    132    743   1049   1800   2222    667 

 1 22  6  8      10      4   1383    138    661   1128   1800   2242    699 

 1 23  6  8      10      1   1695    169    646   1143   1800   2341    699 

 1 24  6  8      10      7   2250    225    620   1161   1800   2520    817 

 1 25  6  8       1      4    371    371   1765      0   1800   2987    894 

 1 26  6  8       2      5   1092    546   1347    418   1800   3547   1508 

 1 27  6  8       4      1    452    113   1096    697   1800   2162    553 

 1 28  6  8       4      1   1082    270   1320    464   1800   2664   1038 

 1 30  6  8       8      3   1440    180   1130    657   1800   2376   1089 

 1  2  7  8      16      2   2354    147    414   1376   1800   2270    513 

 1  3  7  8      32      1   2257     70    414   1382   1800   2024    392 

 1  4  7  8      64      1   1984     31    433   1365   1800   1899    268 

 1  5  7  8     128      1   1473     11    114   1685   1800   1835     79 
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 1  6  7  8     256      1   1900      7     66   1733   1800   1822     49 

 1  7  7  8     512      0   1649      3     35   1764   1800   1810     23 

 1 11  7  8    1024      8    512      0      0   1792   1800   1800      0 

 1 14  7  8    1024      2    168      0      0   1798   1800   1800      0 

 1 21  7  8      10     11   1215    121    732   1051   1800   2169    418 

 1 22  7  8      10     10   1460    146    867    915   1800   2245    744 

 1 23  7  8      10      6    208     20    941    853   1800   1861    163 

 1 24  7  8       1     10     91     91   1783      0   1800   2078    520 

 1 25  7  8       2     14      5      2    382   1403   1800   1806      2 

 1 28  7  8       4      5    380     95   1412    378   1800   2090    255 

 1 29  7  8       8      5    313     39    312   1480   1800   1919    158 

 1 30  7  8      16      3    208     13   1675    121   1800   1840     64 

 1 31  7  8      32      7     45      1     10   1783   1800   1803      2 

 1  4  8  8      64      7    622      9     94   1699   1800   1827     32 

 1  5  8  8     128      3      9      0      0   1797   1800   1800      0 

 1  6  8  8     128     16      4      0      0   1784   1800   1800      0 

 1 12  8  8      10      6   1881    188    775   1008   1800   2402    718 

 1 14  8  8      10      1   1595    159    879    911   1800   2309    641 

 1 15  8  8      10      2   1525    152    592   1199   1800   2286    470 

 1 18  8  8       1      1    354    354   1769      0   1800   2933   1533 

 1 19  8  8       2      1    692    346   1470    310   1800   2907   1516 

 1 20  8  8       4      0    736    184   1430    359   1800   2389   1403 

 1 21  8  8       8      1   1472    184   1064    724   1800   2389   1043 

 1  2  9  8      16      1   1695    105    607   1186   1800   2136    363 

 1  3  9  8      32      2   2179     68    458   1337   1800   2018    394 

 1  4  9  8      64      1    540      8     79   1720   1800   1826     54 

 1  5  9  8     128      0    393      3     68   1731   1800   1810     15 

 1  8  9  8     128      2    296      2     68   1730   1800   1806      4 

 1 10  9  8     256      4    400      1     20   1776   1800   1803      1 

 1 12  9  8     512     27   1140      2     39   1734   1800   1806     12 

 1 16  9  8    1024     11     75      0      0   1789   1800   1800      0 

 1 23  9  8    1024     16     16      0      0   1784   1800   1800      0 

 1 24  9  8      10      8     13      1     14   1778   1800   1803      * 

 1 29  9  8      10      7     70      7   1704     88   1800   1821      5 

 1  1 10  8      10      4     27      2      8   1787   1800   1806      5 

 1  2 10  8       1     89      6      6   1710      0   1800   1818      2 

 1 13 10  8       2      6     14      7    653   1140   1800   1822     12 

 1 14 10  8       4      2      7      1      8   1790   1800   1803      1 

 1 16 10  8       8      2     11      1     15   1783   1800   1803      2 

 1 17 10  8      16      0     29      1    651   1148   1800   1803      * 

 1 20 10  8      32     94      1      0      0   1706   1800   1800      0 

 1 21 10  8      32      1      3      0      0   1799   1800   1800      0 

 

 2 28  4  8       1      2     83     83   1791      0   1800   2232   1018 

 2  4  5  8       1      2     42     42   1794      0   1800   2018     87 

 2  5  5  8       1      4    254    254   1775      0   1800   2613    562 
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 2  6  5  8       1      3    478    478   1757     14   1800   3330   1155 

 2  7  5  8       2      1    544    272   1314    469   1800   2670    788 

 2  8  5  8       4      2   1305    326    940    841   1800   2843   1002 

 2  9  5  8       8      0   1735    216    643   1145   1800   2492    790 

 2 12  5  8      16      0   1842    115    442   1352   1800   2168    574 

 2 13  5  8      32      3   1701     53    645   1150   1800   1970    562 

 2 14  5  8      64      1   1088     17    211   1587   1800   1854    199 

 2 15  5  8     128      3    575      4    102   1694   1800   1813     74 

 2 16  5  8     256      8    420      1     22   1770   1800   1803     18 

 2 21  6  8      10      2    330     33    312   1484   1800   1901    142 

 2 22  6  8      10      1    192     19    211   1588   1800   1858    105 

 2 23  6  8      10      3    181     18    295   1501   1800   1855     94 

 2 24  6  8       1      4    286    286   1772      0   1800   2672    876 

 2 25  6  8       2      1     89     44    741   1055   1800   1934      9 

 2 26  6  8       4     10     19      4    654   1136   1800   1812      5 

 2 27  6  8       8      3     40      5    479   1317   1800   1815      2 

 2 28  6  8      16      1     62      3      3   1796   1800   1809      6 

 2 30  6  8      32      0     12      0      0   1800   1800   1800      0 

 2  1  7  8      32      8      8      0      0   1792   1800   1800      0 

 2  3  7  8      10      3   1060    106    909    882   1800   2139   1023 

 2  5  7  8      10      0   1729    172    741   1048   1800   2350    896 

 2  6  7  8      10      5   1810    181    813    972   1800   2379   1070 

 2  7  7  8       1      1    482    482   1758      0   1800   3342   1799 

 2 11  7  8       2      0   1002    501   1400    374   1800   3403   2091 

 2 14  7  8       4      2    828    207    883    904   1800   2462    724 

 2 15  7  8       8      2    951    118    899    893   1800   2178    865 

 2 16  7  8      16      1   1585     99    670   1124   1800   2117    582 

 2 17  7  8      32      0    703     21    373   1426   1800   1867    346 

 2 21  7  8      64      6    935     14    257   1536   1800   1845    246 

 2 22  7  8     128      8    698      5    130   1662   1800   1816    123 

 2 23  7  8     256      0    179      0      0   1800   1800   1800      0 

 2 24  7  8     256     18     82      0      0   1782   1800   1800      0 

 2 25  7  8      10     11     23      2      5   1783   1800   1806      3 

 2 28  7  8      10      2     33      3    283   1515   1800   1809      9 

 2 29  7  8      10      9     21      2     59   1732   1800   1806      5 

 2 30  7  8       1      5    187    187   1779      0   1800   2370    367 

 2 31  7  8       2      8    220    110   1043    743   1800   2136    201 

 2  4  8  8       4      1    213     53    274   1523   1800   1962    182 

 2  5  8  8       8      1    282     35    342   1455   1800   1907    275 

 2  6  8  8      16      9    283     17    218   1572   1800   1852    154 

 2  8  8  8      32      5    159      4     48   1746   1800   1812     22 

 2 11  8  8      64      5     52      0      0   1795   1800   1800      0 

 2 12  8  8      64      6     17      0      0   1794   1800   1800      0 

 2 14  8  8      10      1   1000    100    698   1095   1800   2120    483 

 2 15  8  8      10      1   1370    137    765   1027   1800   2238    696 

 2 18  8  8      10      2   1960    196    708   1079   1800   2427   1009 
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 2 19  8  8       1      3    375    375   1764      0   1800   3000   2099 

 2 20  8  8       2      3    104     52   1356    438   1800   1966    486 

 2 21  8  8       2      3    538    269   1558    224   1800   2661   1683 

 2  2  9  8       4      2   1580    395    891    885   1800   3064   1120 

 2  3  9  8       8      2   1752    219    668   1119   1800   2501   1165 

 2  4  9  8      16      2   1140     71    521   1273   1800   2027    411 

 2  5  9  8      32      2   1056     33    489   1306   1800   1906    323 

 2  8  9  8      64      1    212      3     65   1734   1800   1810     23 

 2 10  9  8     128      5    443      3     55   1739   1800   1810     41 

 2 11  9  8     256     11     95      0      0   1789   1800   1800      0 

 2 12  9  8     256      7    149      0      0   1793   1800   1800      0 

 2 17  9  8      10      7    280     28    418   1373   1800   1885     83 

 2 23  9  8      10     14     32      3    433   1353   1800   1809     33 

 2 24  9  8      10      7     12      1    124   1669   1800   1803      0 

 2  2 10  8       1     28     62     62   1766      0   1800   1991     76 

 2 13 10  8       2      5     81     40    976    815   1800   1923     95 

 2 14 10  8       4      6     14      3    826    968   1800   1809      1 

 2 16 10  8       8      0     22      2    201   1599   1800   1806      4 

 2 17 10  8      16      1     27      1      1   1798   1800   1803      2 

 2 20 10  8      32     12      6      0      0   1788   1800   1800      0 

 2 21 10  8      32   1613      3      0      0    187   1800   1800      0 

 

 3  8 12  8       1      0     84     84   1792      0   1800   2069    475 

 3  9 12  8       1      7    242    242   1772      0   1800   2574   1155 

 3 10 12  8       2      4    378    189   1005    782   1800   2386    665 

 3 11 12  8       4      6    377     94    722   1067   1800   2091    744 

 3 12 12  8       8      6    501     62    444   1347   1800   1992    359 

 3 15 12  8      16      8    861     53    428   1362   1800   1964    421 

 3 16 12  8      32      0    736     23    333   1466   1800   1871    199 

 3 17 12  8      64     22    488      7    148   1630   1800   1822     26 

 3 18 12  8     128     10    304      2     53   1738   1800   1806     10 

 3 19 12  8     256     23    109      0      0   1777   1800   1800      0 

 3 20 12  8     256      0    104      0      0   1800   1800   1800      0 

 3 13  1  9      10     18    663     66    977    802   1800   2005    641 

 3 14  1  9      10      5   1071    107    938    851   1800   2132    587 

 3 15  1  9      10      3   2260    226   1011    773   1800   2501      * 

 3 19  1  9       1      4    520    520   1752      0   1800   3412   1327 

 3 20  1  9       2      4   1182    591   1245    518   1800   3632   1932 

 3 21  1  9       4      1   1424    356    862    918   1800   2904   1205 

 3 22  1  9       8      1   1156    144    920    872   1800   2246    741 

 3 23  1  9      16      3   1356     84    440   1352   1800   2060    370 

 3 28  1  9      32      6   1707     53    261   1530   1800   1964    295 

 3 29  1  9      64     30   1719     26    263   1506   1800   1881    181 

 3  9  2  9     128      0    575      4     24   1776   1800   1812     21 

 3 16  2  9      10      0   1920    192    872    917   1800   2414    742 

 3 17  2  9      10      0   1436    143   1088    704   1800   2258    923 
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 3 24  2  9      10      6    877     87    741   1048   1800   2078      * 

 3 25  2  9       1      7    704    704   1733      0   1800   4053    815 

 3 26  2  9       2      1   1365    682   1216    545   1800   3983   1571 

 3 27  2  9       4      2   2245    561   1064    702   1800   3595      * 

 3  2  3  9       8      1   3032    379    874    904   1800   3013   2005 

 3  3  3  9      16      0   3360    210    917    871   1800   2472   1378 

 3  5  3  9      32      7   2304     72    964    825   1800   2030    893 

 3  6  3  9      64      4    865     13    466   1328   1800   1842    194 

 3 10  3  9     128      6    640      5    459   1335   1800   1816     25 

 3 11  3  9     256     11    344      1     15   1773   1800   1803    820 

 3 12  3  9     512     12    228      0      0   1788   1800   1800      0 

 3 24  3  9      10      9   1170    117   1140    644   1800   2163   1412 

 3 25  3  9      10     18   1380    138    976    799   1800   2228   1035 

 3  1  4  9      10      0    520     52    931    866   1800   1961      * 

 3 21  4  9      10      3   3338    333    896    883   1800   2849   1169 

 3 22  4  9       1      1    314    314   1773      0   1800   2789    961 

 3 23  4  9       2      1    452    226   1448    338   1800   2512    573 

 3 24  4  9       4      0   1428    357   1062    720   1800   2925   1202 

 3 26  4  9       8      1   1500    187    794    994   1800   2389    631 

 3 27  4  9      16      4    608     38    400   1395   1800   1920    150 

 3 28  4  9      32     11   1163     36    265   1522   1800   1913    180 

 3 29  4  9      64     11    675     10    167   1621   1800   1832     62 

 3 30  4  9     128     14    330      2     31   1755   1800   1806      6 

 3  1  5  9      10      8   2878    287    772   1004   1800   2661    988 

 3  2  5  9       1      0    454    454   1760      0   1800   3162   1688 

 3  3  5  9       2      1    888    444   1372    402   1800   3132   1592 

 3  4  5  9       4      2   1276    319   1217    563   1800   2693   1092 

 3  5  5  9       8      1   1519    189   1214    574   1800   2329    499 

 3  6  5  9      16      3   2308    144    841    947   1800   2203    506 

 3  7  5  9      32      4   1664     52    558   1236   1800   1946    180 

 3  8  5  9      64      2   1078     16    241   1556   1800   1845     44 

 3  9  5  9     128      2    572      4     62   1736   1800   1811     10 

 3 10  5  9     256      7    409      1     28   1765   1800   1803      1 

 3 11  5  9      10      8   1190    119    526   1259   1800   2175    476 

 3 12  5  9       1      2    321    321   1771      0   1800   2811   1003 

 3 13  5  9       2      1    862    431   1295    480   1800   3158   1158 

 3 15  5  9       4      1   1416    354   1200    579   1800   2915   1422 

 3 16  5  9       8      2   2263    282    719   1064   1800   2688    890 

 3 18  5  9      16     36   3110    194    645   1108   1800   2411    644 

 3 19  5  9      32      2   3936    123    580   1211   1800   2187    540 

 3 20  5  9      64      2   4160     65    505   1289   1800   2005    479 

 3 21  5  9     128     20    458      3     72   1708   1800   1809     16 

 3 22  5  9     256      5    386      1     21   1774   1800   1803      3 

 

 4 30 10  8       1      3    172    172   1783      0   1800   2350    836 

 4 11 11  8       1     14    415    415   1752      0   1800   3128   1073 
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 4 12 11  8       2      3    895    447   1007    767   1800   3230   1001 

 4 13 11  8       4      5   1154    288    669   1110   1800   2722    870 

 4 14 11  8       8      1    660     82    227   1568   1800   2062    184 

 4 17 11  8       8      0    883    110    512   1282   1800   2152    367 

 4 18 11  8      16      1   1125     70    278   1518   1800   2024      0 

 4 19 11  8      32      4    388     12     98   1697   1800   1838   1741 

 4 21 11  8      64      2    234      3     28   1769   1800   1810     23 

 4 24 11  8     128      1    298      2     12   1788   1800   1806      7 

 4 26 11  8     256      8     30      0      0   1792   1800   1800      0 

 4 30 11  8     256     13     24      0      0   1787   1800   1800      0 

 4  8 12  8      10     36     57      5    461   1303   1800   1816      * 

 4  9 12  8      10     15     10      1    755   1030   1800   1803      0 

 4 15 12  8       1     10      5      5   1789      0   1800   1816      3 

 4 17 12  8       2      7     66     33   1666    125   1800   1902     11 

 4 13  1  9      10      7    180     18   1293    499   1800   1856     44 

 4 14  1  9      10      7    748     74    380   1409   1800   2029    147 

 4 20  1  9       1      1    218    218   1780      0   1800   2476    309 

 4 22  1  9       2      0    498    249   1040    746   1800   2572    630 

 4 27  1  9       4      3   1012    253    916    867   1800   2584    723 

 4 28  1  9       8      3    968    121    716   1075   1800   2175    356 

 4 29  1  9      16      1    470     29    386   1412   1800   1890    111 

 4 12  2  9      16      6    720     45    547   1244   1800   1940    294 

 4 16  2  9      32      0   1495     46    227   1570   1800   1947    181 

 4 17  2  9      64      6    640     10    119   1674   1800   1832     38 

 4 18  2  9     128      4   1024      8     67   1729   1800   1826    528 

 4 19  2  9     256     13    404      1      6   1781   1800   1803      5 

 4 23  2  9     512     21    187      0      0   1779   1800   1800      0 

 4  3  3  9      10     19    740     74    592   1186   1800   2037      * 

 4 31  3  9      10     14   1095    109    600   1180   1800   2149      * 

 

 5 25  3  9       1     20     22     22   1778      0   1800   1870      * 

 5 26  3  9       1     21     22     22   1777      0   1800   1870      * 

 5 24  4  9       1      0     48     48   1796      0   1800   1944    299 

 5 27  4  9       1     15    142    142   1773      0   1800   2226    704 

 5 28  4  9       1     28    225    225   1752      0   1800   2475    687 

 5 30  4  9       2      7    330    165   1298    485   1800   2295    634 

 5  1  5  9       4      4    324     81   1041    751   1800   2043    454 

 5  3  5  9       8      2    664     83    865    928   1800   2049    697 

 5  4  5  9      16      0    912     57    672   1125   1800   1971    579 

 5  5  5  9      10      2    315     31    349   1448   1800   1898     85 

 5  6  5  9      10      2    434     43    731   1065   1800   1935    216 

 5  7  5  9       1      8    133    133   1781      0   1800   2219    455 

 5 11  5  9       2      6    166     83    764   1025   1800   2061    272 

 5 12  5  9       4    108     60     15   1093    598   1800   1847    157 

 5 13  5  9       8     80     56      7    460   1260   1800   1822      * 

 5 14  5  9      16      2    288     18    405   1393   1800   1857    121 
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 5 20  5  9      10      7    350     35    336   1455   1800   1898    141 

 5 21  5  9       1      4    217    217   1777      0   1800   2408    862 

 5 22  5  9       2      0    311    155   1326    464   1800   2234    786 

 5 25  5  9       4      4    652    163   1106    682   1800   2256    851 

 5 26  5  9       8      2    802    100    873    920   1800   2080    556 

 5 27  5  9      16      2   1080     67    619   1176   1800   1988    497 

 5 28  5  9      32      3    634     19    179   1617   1800   1853     96 

 5 29  5  9      64      3    127      1      6   1791   1800   1803      7 

 5  2  6  9     128      2    175      1     57   1741   1800   1803      1 

 5  4  6  9      10      2     60      6    504   1294   1800   1819     13 

 5  5  6  9       1      9     40     40   1787      0   1800   1926    193 

 5  8  6  9       2      6     22     11   1170    624   1800   1835     11 

 5  9  6  9       4      4     45     11     96   1699   1800   1835     48 

 5 10  6  9       8      9     43      5    228   1563   1800   1816     68 

 5 12  6  9      16      3     18      1    176   1621   1800   1803      3 

 5 14  6  9      10      2   1190    119    769   1023   1800   2133    669 

 5 15  6  9       1      3    380    380   1764      0   1800   2864    996 

 5 16  6  9       2      3    440    220   1503    281   1800   2416   1313 

 5 17  6  9       4      2    745    186   1009    779   1800   2321   1024 

 5 18  6  9       8      3   1373    171    688   1099   1800   2279    742 

 5 22  6  9      10      2   1578    157    787   1002   1800   2240    866 

 5 23  6  9      16      2   1512     94    545   1247   1800   2063    365 

 5 24  6  9      32      3    774     24    144   1652   1800   1867     71 

 5 25  6  9      64      4    552      8     89   1706   1800   1822     58 

 5 27  6  9     128      9    363      2     40   1751   1800   1806     10 

 5 29  6  9     256      9    149      0      0   1791   1800   1800      0 

 5  1  7  9      10      4     50      5   1652    144   1800   1816     46 

 5  3  7  9       1     25      6      6   1774      0   1800   1819     18 

 5  4  7  9       2     15     10      5   1082    704   1800   1816      2 

 5  5  7  9       4     21      5      1    803    976   1800   1803      * 

 5  6  7  9       8   1754      6      0      0     45   1800   1800      0 

 5  7  7  9       8     11      2      0      0   1789   1800   1800      0 

  

 6 20  5  9       1     89     56     56   1706      0   1800   1957     28 

 6 24  5  9       1     14     62     62   1781      0   1800   1974      3 

 6 28  5  9       1     31     53     53   1764      0   1800   1948      * 

 6  6  6  9       1     12    328    328   1760     10   1800   2718   1026 

 6  7  6  9       2     10    306    153   1120    663   1800   2228   1374 

 6  8  6  9       4      3    824    206    959    827   1800   2377    805 

 6  9  6  9       8      3    736     92    497   1295   1800   2058    395 

 6 10  6  9      16      5   1161     72    411   1381   1800   2002    327 

 6 12  6  9       1     14     81     81   1780      0   1800   2055    143 

 6 13  6  9       2      2     38     19   1708     88   1800   1860     50 

 6 15  6  9       4      2     43     10    917    881   1800   1832     27 

 6 16  6  9       8      4     23      2      7   1789   1800   1806      7 

 6 18  6  9      10     17   1203    120    672   1104   1800   2136    723 
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 6 22  6  9      10      3    897     89    793    999   1800   2049    242 

 6 23  6  9       1      5    178    178   1780      0   1800   2298   1248 

 6 24  6  9       2      3    490    245   1447    337   1800   2486    945 

 6 25  6  9       4      2    768    192   1185    602   1800   2338    968 

 6 27  6  9       8      2    688     86    839    954   1800   2041    283 

 6 29  6  9      16      2    848     53    538   1257   1800   1948    154 

 6 30  6  9      32      9    660     20    442   1348   1800   1856     45 

 6  1  7  9      64     12    279      4    111   1677   1800   1811     33 

 6  2  7  9     128      7     83      0      0   1793   1800   1800      0 

 6  3  7  9      10      8    167     16    246   1545   1800   1850    134 

 6  4  7  9       1      2      9      9   1797      0   1800   1828     30 

 6  5  7  9       2      8     45     22    816    975   1800   1869     91 

 6  6  7  9       4     10    536    134   1438    344   1800   2222    706 

 6  7  7  9       8      9    761     95    895    890   1800   2099    462 

 6  8  7  9      16      5   1269     79    701   1091   1800   2049    359 

 6  9  7  9      32      4    545     17   1111    683   1800   1854    147 

 6 10  7  9      64      3    110      1      4   1794   1800   1803      * 

 6 11  7  9     128      9    512      4     63   1728   1800   1813     32 

 6 12  7  9     256      2     14      0      0   1798   1800   1800      0 

 6 13  7  9      10      6    990     99   1081    707   1800   2077    522 

 6 14  7  9      10      9   1590    159    916    865   1800   2245    541 

 6 15  7  9       1      4    365    365   1766      0   1800   2822   1077 

 6 16  7  9       2      4    608    304   1441    339   1800   2651   1024 

 6 19  7  9       4      3    804    201   1092    694   1800   2363    603 

 6 20  7  9       8      2   1024    128    876    915   1800   2158    266 

 6 21  7  9      16      2   1166     72   1002    792   1800   2002    134 

 6 22  7  9      32      4   1536     48    600   1194   1800   1934    156 

 6 23  7  9      64      3   1152     18    461   1336   1800   1850     59 

 6 24  7  9     128      5   1236      9    178   1617   1800   1825     65 

 6 25  7  9     256      2    278      1     29   1770   1800   1803      1 

 6 24  8  9      10      3    760     76   1370    423   1800   2039    252 

 6 25  8  9       1      2     71     71   1792      0   1800   2024    205 

 6 26  8  9       2      1    196     98   1368    426   1800   2109    114 

 6 27  8  9       4     31    438    109   1239    525   1800   2143    263 

 6 28  8  9       8      4    643     80    620   1172   1800   2052    402 

 6 30  8  9      16      2    925     57    523   1272   1800   1980    186 

 6 31  8  9      32      1   1179     36    246   1551   1800   1913    128 

 6  1  9  9      64      5     62      0      0   1795   1800   1800      0 

 


