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ABSTRACT

Changes in discriminative performance as a function of procedural
variations were studied, using domestic hens in a visual acuity task.
Square-wave gratings and grey stimuli were presented in a successive
conditional discrimination. All probe sessions were conducted with
increasingly fine gratings. Several methods of analysis were
evaluated and various threshold criteria used.

For the first set of experiments, Experiments 1.1 to 1.5, a
spatial discrimination procedure was used. A comparison of an
ascending and descending series of stimulus presentation showed no
consistent difference in discriminative performance. An increase in
response requirements to the sample key, from FR1 to FR5 and to FR10
in Experiment 1.2, generally resulted in higher accuracy at most
grating values. Increasing response requirements further, resulted in
inconsistent improvements in performance. Discriminative performance
under a limited range of luminances was assessed in Experiment 1.3.
Data showed greater accuracy at the highest compared to the lowest
luminance, for most hens and most grating values. 1In Experiment 1.4
the effects of training hens to stability using a finer grating showed
that extended practice on a finer grating value did not consistently
improve discriminative performance. A one session probe is thus an
accurate description of stable performance. A comparison of
performance under a controlled and uncontrolled reinforcement
procedure in Experiment 1.5 showed greater overall accuracy of
performance with the uncontrolled procedure.

The second set of experiments were a systematic replication of
Experiments 1.1, 1.2, 1.3 and 1.5, using a non-spatial conditional

discrimination procedure. Results of the comparison of the ascending

and descending series of stimulus presentation were replicated.
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Increased response requirements from FR1 to FRS and FR10 generally
resulted in increased accuracy at only the coarsest grating. The
effects of changing luminance were replicated. The controlled
reinforcement procedure gave slightly higher accuracy.

Negative exponential functions fitted to group data described the
data well and indicated a lower initial accuracy and greater rate of
decay of discriminative performance as a function of grating spatial
frequency, for the non-spatial discrimination procedure. Threshold
estimates were consistently lower (measured in cycles/degree) for
performance with the non-spatial discrimination procedure, than with
the spatial discrimination task. Several methods of data analysis
were used, and thresholds were estimated using various criteria.
Threshold estimates changed, generally reflecting changes in
discriminative performance, and as such provided a useful measure of
the effects of procedural variations on discriminative performance.
However, thresholds estimated from least-squares fitted lines may
arguably be more useful than those taken from a unitary value, because
they include more of the available data. Problems associated with
this and with the use of various criteria are discussed. Furthermore,
the use of a constant and variable stimulus as used in these studies,
is discussed with regard to the role it may play in encouraging
response biases at finer gratings.

The results of these experiments indicate that the measurement of
psychophysical phenomena, as exemplified by visual acuity in the
domestic hen, may be consistently changed by variables which directly
effect the sensory functioning, such as luminance. Discriminative
performance was, however, confounded by the effects of non-sensory

procedural variations, and the most important of these appears to be

task difficulty.
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Discrimination and general concepts of psychophysics

When an organism’s behaviour changes as a function of some change
in the environment, that behaviour may be termed discriminative

(Terrace, 1966). Any aspect of the environment to which an organism

responds is termed a stimulus (Blough, 1966).

There are many dimensions along which a physical stimulus may
vary. For example, an auditory stimulus may vary along the dimension
of loudness or pitch, or a visual stimulus may vary along the
dimensions of colour, brightness, and so forth. Functions that relate
changes in behaviour to such changes along a stimulus dimension may be
termed sensory functions. Psychophysics is the field which is
primarily concerned with the behaviour analysis of sensory functions
(Stebbins, 1970). The term "psychophysics" was coined by Fechner in
1860 to refer to a methodology for presenting stimuli to an organism
to determine the limits and dimensions of its sensory capacities.
Fechner was the first to suggest a relation between a stimulus which
is measurable in physical units and the resulting sensation.
Methodology for studying this has evolved during the last century as a
means of answering experimental questions about human sensory acuity
(Stebbins, 1970) and has later been extended to the study of the

sensory capabilities of animals.

Stebbins (1970) emphasizes an important distinction between
sensory and perceptual studies. In sensory studies, prior
specification of correct and incorrect responding may be made. The
condition of stimulus absence in absolute threshold studies, and of

physical equality in differential threshold studies define

subthreshold values. That is, a response indicating detection of a
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stimulus when this stimulus is in fact absent, or a response
indicating a difference in two physically equal stimuli, is defined as

incorrect. 1In perceptual studies, however, (e.g. Vicario, 1972) no

such prior specification is possible.

Thresholds. The sensory threshold was considered by Fechner
(1860/1966) as the central concept of psychophysics. There are
stimuli which an organism can detect and those which it cannot detect.
An index of the organism’s sensory capacity is determined in terms of
either the minimum detectable stimulus magnitude (absolute threshold)
or the minimum detectable difference between two stimuli varying only

in one dimension (differential threshold) (Blough & Blough, 1977).

The threshold is not a fixed immutable point but has been shown
to vary with changes in a variety of different conditions, including
momentary unpredicted alterations in both stimulus and organism. Such
variations in sensitivity are found in every sense field (Woodworth &
Schlosberg, 1954). Repeated measurements of threshold are therefore
necessary. The resultant distribution of such thresholds may be
described by the normal curve (Woodworth & Schlosberg, 1954), and the
value of the threshold is taken as the mean of this distribution. The
arbitrary operational definition of the absolute threshold is the
correct detection of the stimulus by the organism on 50% of the
trials, and is determined directly from the graphed sensory function
or obtained through more complex statistical analysis of the data
(Dember, 1960). Because the criterion is rarely met exactly, the
actual threshold value is usually taken from interpolation on a graph
that relates the stimulus and response measures. A function may be

fitted to some or all data points prior to interpolation.
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Transformation of either the stimulus values or response measure (or
both) to result in a function approximately linear may be useful, from
which to obtain a straight line fit, especially when data are variable
(Blough & Blough, 1977) since inclusion of more data points

contributes to the reliability of the threshold estimate.

Although useful sensory information may be provided by the
determination of a single threshold value, commonly studies compare
several threshold estimates obtained when a second dimension of the
stimulus is varied, for example, auditory tones along a range of
frequencies (Temple, Foster & O’Donnell, 1984). Sensory thresholds
obtained by behavioural means may be compared across species. They
may also be compared to those estimates of threshold obtained by other
means. For example, an estimate of visual acuity obtained
behaviourally for kittens (e.g. Mitchell, Giffin & Timney, 1977) may
be compared to another for the same species, determined
electrophysiologically by an evoked potential recording (VEP). Here,
the threshold is determined as the least intensity of a stimulus which
evokes a response from a visual receptor (e.g. Freeman & Marg, 1975).
In addition, an estimate of threshold may be compared with that
assumed anatomically, by jnvestigation of the actual sensory receptor
structure. Here, it is assumed that the arrangement of visual
receptors (i.e. the fineness or coarseness of the layers of receptors)
within the eye provides some indication of the sharpness or acuity of

vision (Riggs, 1965).

Woodworth and Schlosberg (1954) stress, however, that the
estimation of thresholds is not purely an empirical matter. Rather,

the threshold value may reflect not only the subject’s behaviour, but
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also the particular measuring procedures employed and the theoretical
assumptions through which observed behaviour is translated into a
single numerical value. For example, resultant estimates of threshold
for the same sensory function and species, may reflect variations
across studies in stimulus presentation procedures, response
requirements, stimulus type, size and number, difficulty level of the
discrimination task, differences in threshold criteria and data

analysis employed.

Traditional human psychophysics

In most human psychophysical studies investigating absolute
thresholds, the subject is given verbal instructions regarding
response requirements. Usually, no specific training is required.
There are three stimulus classes which may be employed, including a
single stimulus or pairs of stimuli. If a single stimulus is
employed, it may be varied along a particular dimension, for example,
varying intensities of an auditory tone (Bekesy, 1960), or varying
thicknesses of wire against a white background (Hecht & Mintz, 1939).
The subject may be required to respond "yes" when the presence of the
stimulus is detected. This may be more aptly termed a detection task,
considered to be a more simple type of discrimination procedure
(Dember, 1960). Alternatively, two variable stimuli may be utilized,
differing in one dimension for example, varying grating values which
differ only in line orientation. The subject may be required to

respond differentially to each grating orientation as the gratings

become increasingly finer.

Other procedures may employ a constant or standard stimulus and a

variable comparison stimulus, for example, a standard grey stimulus
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and a variable grating stimulus, and require the subject to respond

differentially to each. Whether stimulus types, for example gratings,

consist of two variable stimuli, or one variable and one standard
stimulus, as increasingly finer gratings are presented, the

discrimination between the two stimuli is assumed to become more

difficult.

There are two basic types of responses which may be used by the
subject. One involves a simple "yes" or "no" in the stimulus presence
or absence respectively, or some other response equivalent. The other
involves a forced-choice procedure, in which different responses to
each of the stimuli, as specified by the experimenter, are required.
When Blackwell (1952) compared the use of the yes/no and forced-choice
response types under a variety of conditions, he reported generally
greater thresholds (indicating better discrimination) with the
forced-choice response. He suggested that the forced-choice procedure
was generally more reliable and less easily influenced by irrelevant
variables such as the spacing and ordering of stimuli, than the yes/no
procedure. The latter procedure was more likely to involve

habituation of response.

Each response to a stimulus represents a trial, and many such
trials are required to obtain a sensory function. When two stimuli
are used, trials may involve either successive or simultaneous
stimulus presentation. That is, either only one of the two stimuli is
presented on any one trial (successive), or both stimuli may be

presented simultaneously.

Woodworth and Schlosberg (1954) refer to two basic methods of
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stimulus presentation. The Method of Constant Stimuli involves a

relatively small number of stimuli assumed to be around threshold.
These are presented to the subject a predetermined number of times,
either randomly intermixed or random but grouped in blocks of trials.
For the Method of Limits however, the first stimulus value presented
is usually one assumed to be well above threshold (i.e. easily
discriminable) and the presentation of each successive stimulus is
dependent on the subject’s previous response. Each stimulus value
correctly detected results in presentation of another of a different
value, (e.g. presentation of increasingly finer gratings). This is
referred to as a descending series of stimulus presentation (Woodworth
& Schlosberg, 1954). This series is terminated after a criterion
number of failures, and an ascending series begun, commencing with a
stimulus value assumed to be below threshold (i.e. not discriminable)
and followed by another of a different value (e.g. presentation of
increasingly coarser gratings) until a criterion number of successful

discriminations are made by the subject.

For the Method of Constant Stimuli, the stimulus values are
selected independently of the subject’s responses in the experiment.
Conversely, in the Method of Limits, although the first stimulus and
its successive decrements or increments are pre-selected, the
particular point where the descending or ascending series is
terminated is partially dependent upon the subject’s behaviour
(Dember, 1960). Blough and Blough (1977) suggest that a disadvantage
of random presentation of stimuli, as in the Method of Constant
Stimuli, is that it tends to commit the experimenter to a set of
stimulus values that may later prove to be inappropriate. Most other

procedures of stimulus presentation are variations of these two basic
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methods.

Signal detection theory

The above mentioned methods involve the classical approach which
assumes that the threshold is an "all-or none" transition point on the
continuum of stimulus intensity, and that stimuli below threshold are
not detectable. Because a subject may at times report a particular
stimulus as present and at other times as absent, it has been assumed
that thresholds change momentarily, and thus a variety of stimulus

intensities must be presented to determine the average location of the

threshold (Blough, 1966).

Signal detection theory however, (Green & Swets, 1966), the
concepts of which were taken from engineering and mathematics,
proposes a different approach based on decision theory. D’Amato
(1970) points out that signal detection theory dispenses with the
concept of thresholds, and requires that each discriminative
performance be viewed as the result of two classes of information.
Firstly, there is the information about the stimuli, which is mainly a
function of the stimulus parameters in the experimental situation, and
the subject’s sensory capacity. This class of information provides
the measure of sensitivity to the stimulus. Then there are several
variables such as the subject’s motivation, knowledge of the
likelihood of stimulus probability and the rewards and costs
associated with making correct and incorrect responses respectively.
These, although independent of sensitivity, influence discriminative
behaviour by affecting the subject’s response criterion. That is,
these non-sensory variables combine with sensory variables to

determine whether the subject will report "yes" or "no" on any given
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trial. Variables such as rewards and costs for correct and incorrect

responses, and signal presentation probability have been studied under
various discriminative conditions, where subjects were required to
detect auditory signals, usually imbedded in noisy backgrounds
(Stebbins, 1970). Although initially tested with audition, the effect
of these non-sensory variables has since been investigated using

other sensory modalities, for example, vision (Wright, 1972).

Typically, in the signal detection procedure, the subject must
decide whether a sensory event was caused by the signal or by some
random process, for example, background noise. Figure 0.0.1
illustrates the stimulus-response matrix of this yes/no signal
detection procedure. For any trial there are two stimulus
alternatives, that is, the signal (or stimulus) may be present(s) or
absent(n), and this results in one of two response alternatives, that
is, "yes"(S) or "no"(N). Thus there are four possible outcomes, and
the entries in each cell of the matrix represent the probability of
any of these. The proportion of correct "yes" and "no" responses are
indicated by P(S/s) in the upper left cell, and P(N/n) in the lower
right cell, respectively. The proportion of the incorrect "no" and
"yes" responses (incorrect rejection and false alarm ) respectively,
are shown by P(N/s) and P(S/n) in the upper right and lower left

cells, respectively.

Green and Swets (1966) suggest that the subject’s criterion for
saying "yes" (stimulus present) or "no" (stimulus absent) will vary
with signal presentation probability. That is, as the probability of
the stimulus being present increases, the proportion of "yes"

responses by the subject likewise increases. It will also vary with
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Figure 0.0.1




Response

Stimulus
S(yes) N(no)
P(S/s) P(N/s)
s
(on) Correct Miss
detection
n P(S/n) P(N/n)
(off) False alarm Correct
rejection

Figure 0.0.1:

The stimulus-response matrix of the signal detection procedure. The
entries in the cells represent the four possible outcomes of any
trial, where P(S/s) and P(S/n) are the probabilities of reporting
‘ves’ when the signal is ‘on’ and ‘off’ respectively. P(N/s) and
P(N/n) represent the probabilities of reporting ‘no’ when the signal

is ‘on' and ‘off’, respectively.
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the amount of rewards or cost associated with correct or incorrect
decisions, respectively. That is, the proportion of "yes" responses
may be increased by increased rewards, and decreased by increasing
costs for incorrect "yes" responses. Any increase in the proportion
of "yes" responses (S/s) may also result in an increase in the
proportion of false alarms (S/n). Likewise, an increase in "no"

responses may also result in an increase in the proportion of

incorrect rejections (N/s).

The ROC curve. In a discrimination task, when the proportion

of correct "yes" and "no" responses made by the subject on signal
trials, have been entered in the matrix (Figure 0.0.1), the other two
can be determined, as the rows must add up to 1.00. The information
from the matrix may be represented as a data point on a
two-dimensional graph, when the average proportion of correct "yes"
responses are plotted against the average proportion of incorrect
"yes" responses. When non-sensory variables are manipulated in a
discrimination task, and the data plotted, the resultant ROC (receiver
operating characteristic) curve represents the different modes of
responding (with changes in criterion) that a subject may adopt under
particular fixed stimulus conditions. The ROC curve is also termed an

"jso-sensitivity" function (Green & Swets, 1966).

If the subject’s criterion is very strict (the proportion of
"yes" responses and false alarms will be low), this produces points to
the lower end of the ROC curve, whilst a more lax criterion
(predominantly more "yes" responses and false alarms) will produce
more points on the upper end of the ROC curve. The major diagonal

line on the graph below the curve indicates totally random responding,
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that is, correct and incorrect "yes" responses are close to equal.

The area under the ROC curve provides an index of the detectability of
the signal (stimulus) that is assumed to be independent of any
criterion the subject may use. Criterion in signal detection terms,
refers to response bias or preference for responding in a particular
way. The sensitivity index, termed d’, increases with increasing

distance of the ROC curve from the major diagonal.

In the absence of data necessary to generate complete ROC curves,
the signal detection analysis, with the proportion of correct
responses in the presence of the stimulus plotted against the
proportion of incorrect responses in the absence of the stimulus, may
provide a useful description of response bias and stimulus
discrimination. For example, when Terman (1970) plotted data obtained
from three rats in an audition study, each subject showed relatively
constant position biases in different directions. However, despite
such biases, data showed similar functions when the sensitivity index,

d’, was plotted against stimulus values.

Blough and Blough (1977) suggest that the major impetus for
signal detection analysis in human psychophysics was a failure of
psychophysical data to correspond to the classical view that on any
given trial a detection response is controlled either by sensory input
or by some error factor, but not by both. Signal detection theory on
the other hand, is presumed to provide the analysis for determining,
separately, the contribution of sensory and non-sensory variables in
any discriminative performance. However, although signal detection
theory predicts that ROC curves plotted on normalized co-ordinates

will be straight lines parallel to the major diagonal, Blough and
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Blough (1977) report the failure to achieve this, both in human and
animal data. When these lines converge, (e.g. Wright, 1972), the

sensitivity index, d’, cannot be determined unambiguously, that is,
from any point along the major diagonal. Blough and Blough (1977)
point out that one explanation for this convergence strikes at the

fundamental assumption of the theory, by questioning the actual

independence of sensory and non-sensory variables.

If, as the theory predicts, signal detection analysis provides a
separate measure of sensitivity and response criteria, then the
paradigm may be useful in clarifying the nature of control by the
stimulus, over discriminative behaviour. However, in the study of
sensory functions, Blough and Blough suggest that it is unlikely to
replace the classical paradigm totally. Further, there is no general
consensus in the literature regarding the superiority of d’ over the
more traditional measure of sensitivity, percentages correct. They
suggest therefore, that the latter measure, although biased by
non-sensory variables, remains an adequate measure for most studies of

sensory function.

Animal psychophysics

The fields of human and animal psychophysics are closely related.
While in human psychophysics the subject is instructed how to respond,
for animals specific training is often required. Blough and Blough
(1977) suggest that interest in animal psychophysics is partially a
result of the expansion of research on the anatomy and physiology of
animal sensory processes. That is, a complete understanding of these

sensory functions requires the addition of behavioural data.
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Untrained reflexive responses.

Some of the early sensory

studies required no specific training of the animal, but rather, made
use of its reflexive movements to or away from the stimulus. This is
termed an atropic response. This method has been used to study the
visual acuity of various invertebrates including the fruit fly (Hecht
& Wald, 1934), honey bee (Hecht, Wolf & Wald, 1929) and fiddler crab
(Clark, 1935). A related reflexive response is termed "optokinetic".
These responses consist of movements of the eyes or head, that follow
vertical stripes moving horizontally in the visual field. This
procedure has been used to study visual acuity in animals, including

the development of visual acuity in young prairie deermice (Vestal &

King, 1971).

Classical conditioning. By pairing of stimuli an animal can be

trained to respond to stimuli which previously did not elicit the
behaviour change. Examples of the use of this procedure include
visual acuity studies in which a conditioned increased respiration
response to vertical gratings was used in goldfish (Northmore &

Dvorak, 1979).

Operant conditioning. Thorndike (1911) formulated the Law of

Effect. This law states that a particular behaviour will be
strengthened or "reinforced"” if it is closely followed by a
nsatisfying" event, and weakened if closely followed by an "annoying"
event. The satisfying consequences of behaviour are termed
wreinforcers" and the annoying events "punishers". In 1938 Skinner
jdentified these consequences as measured stimuli and made
methodological distinctions between the classical form of conditioning

and the behaviour which was strengthened by its consequences. He
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coined the term "operant class" for such behaviour. Skinner referred

to the operant as "an identifiable part of behavior which it may be

said ... that no correlated stimulus can be detected upon occasions

when it is observed to occur" (Skinner, 1938, p2l1). Such responses
are said to be "emitted" (D’Amato, 1970), rather than "elicited".
While operant behaviour could be modified in various ways by
appropriate manipulation of its consequences, the classically
conditioned reflex was relatively inflexible (Stebbins, 1970). It may
be argued that the Law of Effect, due to its circularity, rather than

providing an explanation for events, provides instead a simple

description of these events (Brown & Herrnstein, 1975).

Blough and Blough (1977) stress that, regardless of the methods
used, acquisition of required behaviour, and establishment of stimulus
control over that behaviour, are the two primary behavioural processes
of concern, when studying animal sensory functions. In shaping
operant behaviour, reinforcement is applied selectively to an animal’s
behaviour until that particular response chosen by the experimenter is
emitted stably at a high frequency (Stebbins, 1970). Correct and

incorrect responding are determined by the experimenter.

Stimulus control. Stimulus control refers to

the extent to which the value of an antecedent stimulus
determines the probability of occurrence of a conditioned
response. It is measured as a change in response probability

that results from a change in stimulus value (Terrace, 1966,

pl71).
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That is, if the animal’s behaviour changes reliably with the
manipulation of a stimulus, then that stimulus is said to exert some
control over the animal’s behaviour. Blough (1966) states that a
controlling stimulus is sometimes said to be "attended to", although

it may be argued that such a statement is circular.

Response requirement. Blough and Blough (1977) stress that the

selected response should be one that is simple to train in the animal,
for example, key pecking in pigeons (Hodos, Leibowitz & Bonbright,
1976), lever pressing in rats (Terman, 1970) and lever pulling in
monkeys (Cavonius & Robbins, 1973). They further suggest that
equipment which permits many responses with little effort allows the
generation of data which provide more reliable thresholds and are more
sensitive to differences than equipment in which a discrimination task
requires a greater amount of effort. For example, the keypeck
response in an experimental chamber requires less effort and allows
many more trials per experimental session than responses with jumping
stand apparatus (e.g. Fox, Lehmkuhle & Westendorf, 1976) or in a

two-choice runway (e.g. Johnson, 1914).

Reinforcement schedules. Reinforcement for correct responding

is delivered on a particular schedule, and such schedules involve
delivery of reinforcement either after a predetermined number of
responses emitted by the animal (ratio schedules) or following the
first response emitted after the elapse of a specified interval of
time (interval schedules). Schedules may be fixed or variable. For
the latter, reinforcement is aperiodic but according to a particular
mean value and range. Alternatively, reinforcement may be presented

following each correct response. This is referred to as continuous
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reinforcement (CRF).

Response bias.

In a discrimination task the animal may show a
preference or bias for responding to one alternative rather than the
other. This response bias has been reported to increase as a function
of discrimination difficulty (Terman, 1970). Because behaviour is
maintained by reinforcement delivery, reinforcement is clearly an
important source of stimulus control. The study of sensory functions,
however, places control in other stimuli (e.g. auditory or visual)
which precede the response. Therefore, any control by reinforcement
delivery is unwanted, and a source of confounding by increasing

response bias, and significantly affecting the measure of sensory

functions (Blough & Blough, 1977).

Blough (1966) suggests that a requirement of comparable responses
to each response alternative and equal reinforcement contingencies for
correct responding to each response alternative can minimize response
bias. Often, a correction procedure is employed to prevent
perseveration on one response alternative from trial to trial (e.g.
Hodos et al., 1976). This involves the repeating of an incorrect
trial until the animal has responded to the correct response

alternative.

Methods of stimulus presentation. The methods of stimulus

presentation jnclude the two basic methods (previously mentioned) used
in human psychophysics, that is, the Method of Constant Stimuli and
the Method of Limits, and variations of these. One variation of the
Method of Limits is termed the "tracking" method, also known as the

wstaircase", "up-down" or "titration" method. Here, the stimulus
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values are restricted to those closest to the assumed threshold.
Although there is the advantage of employing fewer stimulus values
than in the Method of Limits, Blough and Blough (1977) point out that
the procedure requires long training, and stimulus control may

deteriorate with prolonged discriminations at low levels of stimulus

discriminability.

Some comparisons of methods of stimulus presentation have been
made. Stebbins (1970) reported that psychophysical functions for
conditional discriminations in monkeys obtained using either the
Method of Limits or Method of Constant Stimuli were very similar.
Blough (1971) also reported similar visual acuity threshold values in
pigeons from these two methods. However, she reported better
discriminative performance at the coarsest grating values with the
descending, compared to the ascending series. Dalland (1970) in an
auditory discrimination with bats, used both the descending and
ascending series of the Method of Limits and reported a higher rate of
errors with the ascending series. Terman (1970) also found that
thresholds yielded by the descending series generally indicated better

discrimination than the ascending series.

Variations in psychophysical operant training procedures

The investigation of sensory processes of a wide range of species
has necessitated the development of a variety of procedures. Most
psychophysical procedures require the animal to perform a
discrimination between two or more stimuli. When the discrimination
requires two different responses, these may be identified with
separate manipulanda or differential patterns of responding to the

same manipulandum. If the animal is discriminating between two or
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more stimuli presented simultaneously, one of these stimuli is

pre-specified by the experimenter as the "correct" or "target"

stimulus.

Procedures with a single response manipulandum. Procedures

using a single response measure include the "go/no go" procedure, and
the "conditioned supression" methods. In the go/no go procedure, the
stimulus dimension controls a discriminated operant that is maintained
by the appropriate reinforcement contingencies (Blough & Blough,
1977). Trials may be continuous (allowing many responses during a
relatively long stimulus presentation time) or discrete (with a short
stimulus presentation, requiring only one discriminative response).
Traditionally, responses are reinforced in the presence of the target
stimulus and not in its absence. The procedure has been used to study
various sensory functions, including visual acuity in the sea lion
(Schusterman & Balliet, 1970) using conditioned vocalizations in the
presence of the grating stimuli, and visual acuity in the pigeon
(Bloch & Martinoya, 1982) using key peck responses in the presence of

tachistoscopically presented grating stimuli.

Because the procedure is designed to facilitate the response, it
may also facilitate response bias. That is, the subject may become
biased toward reporting the presence of the target stimulus even in
its absence. When Terman and Terman (1972) studied auditory
discrimination in rats they modified their procedure in an attempt to
alleviate this response bias. They introduced symmetrical
contingencies for correct and incorrect responding. Even with such
modifications, however, biases toward responding during comparison

stimulus presentation persisted. They suggest the bias to be a result
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of topographical differences between the two response requirements,

that is, the lever press in the presence of the standard, and no lever

press in the presence of the comparison stimulus.

In the conditioned suppression method the target stimulus is
paired with an aversive stimulus to bring about the suppressiqp of an
ongoing operant (Blough & Blough, 1977). As the change in the rate of
the responding is used as the psychophysical measure, it is

particularly important that a stable baseline of responding is

maintained.

Two or more manipulanda. Procedures using different

manipulanda for each response alternative are more comparable to most
studies in human psychophysics. The use of symmetrical response
requirements to both alternatives and symmetrical reinforcement
contingencies for correct responses to each alternative, would be
expected to minimize response bias, compared to single response

procedures.

The "forced-choice" and "yes/no" procedures may generally be
differentiated by the class of discrimination used, simultaneous, or
successive. In the forced-choice procedure, each of two or more
stimuli are associated with a response alternative. The delivery of
reinforcement is contingent upon a response to the alternatives
corresponding to the correct stimulus. Usually this procedure
requires the simultaneous presentation of the stimuli. Frequently,
such procedures involve a third response termed an "observing" or
"attending" response, which may either initiate the sample stimulus

presentation (e.g. Yager & Thorpe, 1970), or act as pre-requisite for
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enabling choice response alternatives (e.g. Hodos et al., 1976). As a
trial initiating response, it may also serve to ensure that the animal
is viewing a visual sample stimulus from a constant distance, (e.g.
Blough, 1971). This procedure, using two response alternatives, has
been employed extensively to study visual acuity in hens (Johnson,
1914), pigeons (Gundlach, 1933; Blough, 1971) tawny owls (Martin &
Gordon, 1974), and cats (Smith, 1936) using two-alley runway
apparatus, kittens (Mitchell et al., 1977), falcons 4Fox et al., 1976)
and gerbils (Baker & Emerson, 1983) using jumping stand-apparatus, and
in minks (Dunstone & Sinclair, 1978) and dolphins (Spong & White,
1971), using approach behaviour without such apparatus. The same
procedure, using three response alternatives, was used to study both
contrast sensitivity and visual acuity in the tree squirrel (Jacobs,

Birch & Blakeslee, 1982).

In the "yes/no" procedures, stimuli are generally presented
successively. Here, a response to one manipulandum is correct if one
stimulus (i.e. the target stimulus) is present ("yes"), and another if
the stimulus is absent or another stimulus is present ("no"). This
method was used to study auditory discrimination in rats (Irwin &
Terman, 1970) and visual acuity in pigeons (Hodos et al., 1976; Hodos,
Macko & Bessette, 1984). Although Blough and Blough (1977) suggest
that a method using successive presentation of stimuli may produce
more bias than simultaneous stimulus presentation, many of these
studies using simultaneous presentation of stimuli in the
forced-choice procedures (e.g. Johnson, 1914; Fox et al., 1976) report
development of position preferences, necessitating modification of

stimulus presentation, (correction procedures).
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Matching-to-sample procedure.

This is a discrimination

procedure which may include several variations. In the original

procedure the animal is required to choose, from a set of alternative
stimuli, one which is physically identical to the sample stimulus.
Variations include symbolic matching-to-sample, in which the correct
comparison stimulus is determined by an arbitrary relation between the
sample and the choice stimulus, which may vary along a different
stimulus dimension. For example, the two different sample stimuli may
be represented by two different colours, and the comparison stimuli
may be represented by two different line tilts. A response to one
particular line tilt would be reinforced following the presentation of
one particular colour (Carter & Eckerman, 1975). Presentation of the
comparison stimuli may be either simultaneous with that of the sample
(Cumming & Berryman, 1961) or delayed. The latter has been used to
measure the animal’s "memory" of the sample over varying temporal

durations (e.g. Shimp, 1976).

In some studies the comparison stimuli are spatially determined.
That is, for one sample stimulus the correct response may be to the
right key, and for the other sample stimulus, the correct response may
be to the left key (e.g. Hodos et al., 1976). Alternatively, the
spatial factor may be present but irrelevant. For egample, the
correct response for one sample stimulus may be to the red comparison
key, and the correct response for the other sample may be to the green
comparison key. However, these red and green comparison stimuli may
be programmed to appear on either the left or right keys on any
particular trial (e.g. Cumming & Berryman, 1961). Such a procedure
might be expected to involve a more complex task for the animal than

one in which the comparison stimuli are spatially determined. The
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matChing—to-sample procedure has been used to study various visual

processes in animals, including colour vision in pigeons (Wright &

Cumming, 1971; Wright, 1972).

Although there is a wealth of research in sensory processes
across various species, there are very few studies which attempt to
compare directly, the effects of the procedures themselves on the
sensory data generated. These include Blackwell’s (1952) comparison
of forced-choice and yes/no procedures. He reported the forced-choice
procedure to be more reliable (i.e. producing less variable data) for
measuring visual thresholds, and suggested that the yes/no procedure
may generate data with more bias towards reporting "yes", especially
as the discrimination became more difficult. Mentzer’s (1966)
comparison of the forced-choice and yes/no methods for determining
differential thresholds, however, using single responses and discrete
trials resulted in functions which were not significantly different.
Blough and Blough (1977) caution that such comparisons as these may be
difficult to interpret, as many aspects of each situation are
arbitrarily chosen, for example, stimulus placement, presentation,
response requirement, response force, and so forth, and the effect of

these parameters may obscure real methodological differences.

There appears, therefore, to be no general consensus in the
literature as to the "best" procedures for any particular species.
Stebbins (1970) suggests that this would depend partially upon the
extent to which a procedure allows rapid acquisition of stable
discriminative responding by the animal, and a stable behavioural
baseline over time, allowing replicability. Stebbins further stresses

that a major part of evaluative methodology is the analysis of the
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procedural variables themselves, to determine the extent to which

results may be a function of the procedures used, rather than a

function of stimulus discriminability.

Visual acuity

Visual acuity refers to the resolving power of the retina. The
"minimum visible" threshold refers to the least visual angle at which
a single line or point can be recognised as distinct from its
background. The "minimum separable threshold" is given as the
smallest interspace, in terms of visual angle or retinal distance, at
which two neighbouring objects can be resolved. Usually a distinction
is made between these two thresholds, and it has been argued that the
former involves a brightness discrimination rather than visual acuity
(Wilcox & Purdy, 1932). When visual acuity is measured using grating
stimuli, it is defined in terms of the "minimum separable" threshold.
Fuclid’s law of visual angle holds that the visual angle subtended by
the space between two points is inversely proportional to the distance
between the observer and the points (Kaufman, 1979). Visual angle is
thus an inverted measure, that is, the smaller the angle the better
the acuity. Acuity is therefore traditionally expressed as the

reciprocal of the visual angle (Stevens, 1957).

Acuity may be influenced by a number of factors. These include
luminance (Spence, 1934; Hodos et al., 1976), target location (Chard,
1939), target duration (Marshall & Talbot, 1942), the actual type of
target stimuli used (Rabideau, 1955; Shlaer, 1938) and stimulus size

(Spoehr & Lehmkuhle, 1982).

Wwhile various types of target stimuli may be used to determine
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vVisual acuity, commonly a grid or grating is employed (Wilcox & Purdy,

1932). Such stimuli are described both in terms of their contrast and

spatial frequency. Contrast refers to the difference between the

light and dark bars of the grating. The larger the intensity

difference between the bars the greater the contrast (Zusne, 1970).
Spatial frequency refers to the measure of a grating and may be
expressed in terms of the number of cycles, (i.e. the number of light
and dark bars) per degree of visual angle at a particular distance
from the subject. Alternatively, spatial frequency may also be

expressed in cycles/mm or lines/mm.

Many recent studies use the measure of the grating stimulus, that
is, in cycles/degree (c/deg) to express visual acuity, rather than the
more traditional measure, the smallest angle subtended at the eye by
the stimulus, in minutes of arc. These two measures are
interchangeable; for example, 30 c/deg is equivalent to 1 min of arc
(1’) per light or dark bar, and 15 c/deg is equivalent to 2 min of arc

(2’) per light or dark bar, and so on.

Visual acuity in birds

Conventionally, human visual acuity, reported at about 30 c/deg
or 1 min of arc per light or dark bar (1’) (Spence, 1934), acts as a
reference point against which to compare that of all other species.
The acuity of primates is similar to that of humans, for example 1.4’
for the macaque monkey (Yarczower, Wolbarsht, Galloway, Fligsten &
Malcolm, 1966), 0.95’ for the cebus monkey (Johnson, 1914 ) or 0.47’
for the chimpanzee (Spence, 1934). The acuity of many lower
vertebrates however, is much less, including 1.5-2 c/deg (approx.

24?-14) for rodents such as gerbils (Baker & Emerson, 1983), 3.9
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c/deg (approx. 7') for tree squirrels (Jacobs et al., 1982) and 5-6
c/deg (6’-5’) for cats (Mitchell, Giffin, Wilkinson, Anderson & Smith,

1976) and sea lions (Schusterman & Balliet, 1970).

Acuities of birds vary, according to the particular species under
study. For birds of prey such as the eagle (Reymond, 1985), at 137
c/deg, and the falcon (Reymond, 1987; Fox et al., 1976) at 160 c/deg,
visual acuity greatly exceeds that of humans. These results were
obtained using forced-choice simultaneous discrimination tasks, and
modifications of a jumping stand. The acuity of such birds is more
dependent on luminance than is that of humans, decreasing sharply with
lower light levels (Reymond, 1987). Maximum visual acuity for the
falcon was obtained at a luminance of 350 cd/m2 (Fox et al., 1976).
Studies of such nocturnal species as the tawny owl (Martin & Gordon,
1974) however, yield acuity estimates which are lower than that of

humans by a factor of 2.5.

The visual acuity of the pigeon has been determined in several
studies and a range of estimates, both greater and less than that of
adult humans have been obtained. Most studies have employed
simultaneous discriminations and forced-choice procedures. Gundlach
(1933) used a two alley runway and required homing pigeons to
discriminate at a distance of 15 ft from the stimuli. He estimated
the pigeons’ acuity to be close to twice as acute as those for humans.
His estimates, however, were based on a sequential statistic rather
than a more conventional threshold criterion. Two studies used
jumping stand apparatus to study acuity as a function of distance from
the target stimulus. Of these, Hamilton and Goldstein (1933),

reporting estimates from 2.7’ to 3.1’ at an unspecified brightness,
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based their data on relatively few trials (four to eight) and a rather

casual criterion of threshold performance. Chard’s (1939) study, with
70% correct responses taken as threshold, and illumination of the
stimuli at 3.1 foot candles (approx. 32 1x), provided best estimates
ranging from 2.7’ to 5.2’ at 40 cm distance from the stimuli.
Discrimination deteriorated at greater distances. Blough (1971)
however, using a forced choice procedure and runway apparatus, at a
distance of 73 cm obtained estimates from 1.16’ to 4.0’, compared to
1.19’ and 1.22’ for humans tested at the same distance. Hodos et al.
(1976) employed a successive conditional discrimination, using
response keys in an experimental chamber, and five different
luminances. Visual acuity varied in a sigmoid manner as a function of
luminance, and the best acuity obtained was 1.92°’ (approx. 15 c/deg)
with luminance of 2.33 log cd/m2 at a near point of accommodation of
62.0 mm. Mean acuity thresholds for 34 pigeons obtained by Hodos,
Bessette, Macko and Weiss (1985) measured 12.66 c/deg. Much lower
estimates of 1.1 c/deg for lateral and 2.3 c/deg for frontal viewing,
at a luminance of 5 cd/m2, were reported by Bloch and Martinoya
(1982), using a go/no go procedure. They suggest these relatively low
estimates to be the result of the short tachistoscopic presentation
time of the stimuli (300 ms stimulation). The wide range of acuities
obtained for the pigeon indicates that variations in procedure,

threshold criteria, data analysis and task difficulty may influence

results.

The domestic hen (Gallus Domesticus)

Despite its availability, the domestic hen has not been studied
as extensively as other animals such as the monkey, rat or pigeon. As

in other birds but unlike mammals, there is complete decussation of
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the optic nerve in the hen. The right-eye left-hemisphere system

contains the pathways necessary for visual discrimination, dominates
control of pecking in the binocular field and is involved with

switching attention from one stimulus to another (Rogers, 1986).

Typically, the avian eye is both relatively and absolutely large
(Walls, 1942; Meyer, 1977) and that of the hen is no exception.
King-Smith (1971) estimates the weight ratio of the two eyes to the
brain as being almost one to one. Martin (1985) suggests that,
optically, the most important parameter of eye size is the anterior
focal length or posterior nodal distance, since this determines the
size of the retinal area over which the image of an object is spread.
The longer the posterior nodal distance, the larger the retinal image

of an object (Martin, 1985).

Eye movement in the hen is limited (Salzen & Cormell, 1967), but
the position of the eyes in their orbits give a visual field of about
300 deg with a possible binocular field of about 25 deg. Objects are
followed by using both head and neck. Both eyes can be focused
independently in the lateral field and in part also in the frontal
field of vision, indicating that the eyes, as well as their higher

processing centres, act as independent units (Schaeffel, Howland &

Farkas, 1986).

The depth of the cone packed fovea of the retina is also regarded
as a measure of the sharpness of vision. It is especially deep in
birds of prey and medium to weak in the remainder of the species. It
is shallow in the domestic pigeon and lacking altogether in the

domestic hen (Wood, 1914). However, Meyer and May (1973) report that
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the retina of the hen has a shallow area of cone concentration which
corresponds to the site of the temporal fovea in some birds and may

represent the area of most acute vision for the hen.

Hens have a duplex visual system as indicated by the presence of
both rods and cones (Myer & May, 1973), and their colour vision, as in
other vertebrates, employs a multipigment cone system (Armington &
Thiede, 1956). As with other diurnal birds, the retina of the hen
contains a relatively high ratio of cones to rods (Bowmaker & Knowles,
1977). This would suggest that the visual acuity of the hen would be
affected by varying light levels. Colour vision for the hen and
pigeon should be similar. However, because hens lack a distinct
fovea, visual acuity may be expected to be less than that of the
pigeon. The hen has an accommodation of 17 diopers (D), which is
present in the first day of hatching (Schaefel et al., 1986). They
suggest that the chicken’s accommodative power should be sufficient to
focus on an object as close as about 3 cm, which is comparable to that

of the pigeon in behavioural studies (e.g. Macko & Hodos, 1984).

The hen has been described as having a lower ganglion cell
density in the retina (Ehrlich, 1981) than that of the pigeon.
However, Schaefel et al. (1986) state that, due to the large range of
accommodation, a good visual acuity can be expected, and suggest that

the hen’s performance should be comparable to that of the pigeon.

Discrimination studies in the hen have involved visual and
auditory stimuli. Bingham (1913) studied size and form perception in
the hen. The animals were required to discriminate between geometric

forms and different sizes of these forms, (e.g. circles). Ball and
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Warren (1960) demonstrated that the rate of simple maze learning in

chicks develops more rapidly than their capacity for efficient spatial

discrimination and reversal learning. Heat was successfully used as

reinforcer for visual (Lee-Teng & Butler, 1971) and spatial (Zolman &

Becker, 1968) discriminations.

A yes/no procedure was used by Temple et al. (1984) to study the
auditory threshold in hens. Estimates of threshold indicate that they
detect auditory stimuli within the range of 250 to 7000 Hz. Compared
to the pigeon, studies of visual acuity in the domestic hen have been
limited. Johnson (1914), using a two-alley runway in a forced-choice
procedure, required hens to discriminate between a simultaneous
presentation of gratings of two different orientations. Luminance was
reported as 3.85 mL (approx. 12.1 cd/m2), and electric shock was used
as punishment for incorrect choices. Visual acuity at 4.04’ and 4.14’
(approx. 7 c/deg) for two hens, was estimated from relatively few
trials. Johnson suggested that the results should not be construed
too rigidly and are not amenable to statistical treatment. Position
preferences were reported to occur as the discrimination task became

more difficult, at the finer grating values.

A more recent study by Over and Moore (1981) employed a jumping
stand with young chickens, in a forced-choice simultaneous
discrimination between gratings and standard grey stimuli. The
luminance of the stimuli was 39 cd/m2. Visual acuity was reported as
1.2 c/deg. Because, in the several days of testing, discriminative
performance did not improve, it was suggested that the hen reaches its
limits of acuity very soon after hatching. This seems to be in

contradiction to Ball and Warren’s (1960) suggestion that capacity for
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spatial discrimination in chicks does not does not have such a rapid

onset as simple maze learning. The degree of disparity in results

from these two visual acuity studies indicates the need for further

investigation into the visual acuity of the hen.

The matching approach to signal detection theory

Herrnstein (1961) was the first to describe a matching relation
between relative response rate (responses to a key / total responses)
and relative reinforcement rate (reinforcement scheduled on one key /
total reinforcements scheduled) in concurrent VI VI schedules.
Concurrent schedules of reinforcement are continuous choice procedures
where two or more alternative schedules of reinforcement are available
simultaneously, allowing the subject to chose between responding on
one alternative or the other. Herrnstein formulated the following

equation to describe the matching function:

P R

= (1)
P1+P2 Ri+R2

where Py and P, refer to responses to the two alternatives, and R;
and R, refer to reinforcements obtained from each schedule. Thus the
matching law states thgt the relative response rate on either
alternative of a concurrent schedule equals the relative reinforcement
rate provided by that schedule. Herrnstein’s simple matching relation
has been supported by data from a large number of studies, (Catania,

1966; de Villiers, 1977).

Baum (1974) further generalised the matching law to account for

data from concurrent schedules which were not directly predicted by
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Equation (1). He presents the equation:

Py Ry
log(—) = a log(—) + log b (2)
P,y R2

where a and b are empirical constants, and when data are graphed in
log-log co-ordinates refer to the slope and intercept respectively.
Bias (log b) accounts for deviations in the intercept from 0.00 and
appears as a constant displacement from the matching diagonal. Any

changes in a values refer to changes in sensitivity to reinforcement.

Davison and Tustin (1978) suggest that the yes/no signal
detection task, traditionally used in human psychophysics could be
described as two concurrent Reinforcement Extinction schedules, each
operating under a distinctive stimulus. They extended the generalized
matching law to describe behaviour in signal detection experiments
where the subject makes a particular response (e.g. a left key peck)
when one stimulus (S1) is present and another response (e.g. a right
key peck) when another stimulus is present (S2) or S1 is absent. With
two possible responses (PL and PR) in the presence of two different
stimuli (S1 and S2) four possible outcomes are defined. Correct
responses are reinforced according to a predetermined schedule. This
procedure is jllustrated in Figure 0.0.2, where W, X, Y and Z denote
the number of events in each cell. Correct responses, that is, PL
during S1 (W) or PR during S2 (Z) are reinforced, whereas PR during S1
(X) or PL during S2 (Y) have no consequences or are punished in some

way, for example, by blackout, (Irwin & Terman, 1970; McCarthy, 1983).
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Figure 0.0.2




Response

Stimulus

yes no
S1 W X
Present (correct) (incorrect)
S2 Y Z
Absent (incorrect) (correct)

Figure 0.0.2: .

The matrix of stimulus and response events, extended from the signal
detection procedure (Davison and Tustin, 1976). The letters W, X, Y
and Z represents the number of events occurring in each cell.
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The generalized matching law suggests that if S1 and S2 are not
distinguishable, the distribution of total left and right responses
will be determined by the distribution of reinforcement for these
responses. Under these conditions, Davison and Tustin suggest that
the arrangement becomes simply a concurrent VI VI schedule. However,
as the stimulus becomes more discriminable, performance becomes

increasingly biased toward making left key responses during S1 and

right key responses during S2.

Separate equations were proposed by Davison and Tustin to
describe behaviour in the presence of each of the two stimuli, S1 and

S2, where only correct responses are reinforced. In the presence of

S1:

PW RW
log(—) = ari1 log(-=)+log c + log d (3)
PX RZ

and, in the presence of 32:

PY RW
log(—)= arz2 log(—)+log ¢ - log d (4)
PZ RZ

where P and R refer to the number of responses made and the number of
reinforcements obtained respectively, and W, X, Y and Z refer to the

cells of the stimulus-response matrix (Figure 0.0.2). These proposed
two equations are based on the assumption that correct responses are

controlled by reinforcement for those responses, that there will be a
constant bias toward one key (log ¢) and that the presence of S1 or S2
will bias performance toward left and right key responses respectively

(log d). The better the subject can discriminate S1 from S2, the
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larger the log d (sensitivity to the stimulus) and the ratio PW/PX,
and the smaller the ratio PY/PZ.

Although each equation refers to responses in the portion of the
session in which S1 or S2 is present, the reinforcement ratio is
indicated for the whole session, because it is suggested that the
ratio of responses, either PW/PX or PY/PZ is affected by the total
reinforcement ratio RW/RZ. It has been argued on the basis of data
(McCarthy & Davison, 1980a), that sensitivity to reinforcement is the
same in the presence of both S1 and S2 (ar1 = arz2). Equation (4)
therefore may be subtracted from Equation (3) to remove effects of
reinforcement (i.e. reinforcer frequency bias) and inherent bias on

performance, as follows:

PW PY
log(—) - log(—) = 2log d (5)
PX PZ

and a bias-free measure of discriminability (log d) can be determined

thus:

PW PY
log d =.5(log(—) - log(—)) (6)
PX PZ

McCarthy and Davison (1980a) refer to this as a "stimulus
function" because it relates behaviour to the discriminative stimuli,

independent of any biaser.

A measure of bias, independent of discriminability may be

obtained by adding the equations (3) and (4), as follows:
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PW PY RW
log(—) + log(—)=2ar log(—) + 2log ¢ (7)
PX PZ RZ

Estimates of response bias (which include both reinforcer

frequency bias and inherent bias) can therefore be determined as

follows:

PW PY RW
.5(log(—).log(—))= ar log(—)+ log c (8)
PX PZ RZ

The measure on the left side of equation (8) is response bias
which is analogous to the response criterion measure used in signal
detection analysis. The independence of the measure of stimulus
discriminability (log d) and response bias (log c¢) predicted by this
model, has been supported in a variety of studies, where reinforcer
frequency and signal presentation probability (SPP) have been varied
(McCarthy & Davison, 1979; 1980a; 1984) across a range of stimulus

values.

Log d is a measure of discriminability independent of response
bias when only correct responses are reinforced, and Davison and
McCarthy (1980b) have shown that discriminability is affected by
reinforcing errors in a detection procedure. That is, the
discriminative performance will be degraded by reinforcing errors.
Conventional discriminability estimates, therefore, are independent of
reinforcer frequency only when no error reinforcement is obtained.
Furthermore, discriminability is affected by local variations in
reinforcer probability within sessions. For example, both Nevin and
MacWilliams (1983) and Stubbs (1968) showed that when detection

performance was reinforced on FR schedules, discrimination
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systematically increased through the ratio.

As mentioned in a previous section, one major concern in signal

detection research has been the finding that the slope of the
normalized ROC or iso-sensitivity function departs from unity (e.g.
Wright, 1972). This finding questioned the independence of stimulus
discriminability d’ and response criterion (or bias). In the Davison
and Tustin framework, such ROC or iso-sensitivity functions (on
normalized co-ordinates) occur only as a result of different
sensitivity to reinforcer bias in the presence of the two stimuli
(McCarthy & Davison, 1988). For example, it may occur if different
responses were required in the presence of S1 and S2 (e.g. Davison &

Ferguson, 1978).

Commonly, in signal detection procedures, reinforcement is
presented for each correct response (e.g. Hume & Irwin, 1974) or is
presented intermittently or probabilistically on VR schedules (e.g.
Elsemore, 1972). McCarthy and Davison (1984) refer to these
procedures as "uncontrolled reinforcer-ratio procedures", because the
relative number of reinforcers obtained for correct detections can
vary with the subject’s behaviour and with signal presentation
probability (SPP). In the uncontrolled reinforcement procedure,
discriminability is a function not only of the difference between the
two stimuli but also of a reinforcement/stimulus presentation
relation. That is, as the difference between S1 and S2 becomes less
discriminable, behaviour becomes under control of the reinforcement
schedule, as in concurrent reinforcement schedules. The Davison and
Tustin model predicts that it is impossible to calculate a constant

response bias measure (iso-bias) when an uncontrolled reinforcement
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procedure is used, because the bias will not be independent of

stimulus discriminability. McCarthy (1980a) proposes that the

traditionally reported iso-bias contours are better termed

"alloio"-(varying)bias.

Stubbs and Pliskoff (1969) introduced dependent reinforcement
schedules in concurrent schedules to ensure that the obtained
reinforcer ratio be equal to the scheduled reinforcer ratio. The
schedule requires that the two responses are reinforced on two
non-independent concurrent schedules. Thus, when a reinforcer is
arranged for one of the responses, the schedule associated with the
other correct response stops until the arranged reinforcement has been
obtained. McCarthy and Davison (1980a) introduced such a controlled
reinforcement procedure in a signal detection procedure, to ensure
that changes in SPP or in the subject’s preference for one response
alternative over another would not alter the distribution of
reinforcement between the two choice alternatives. That is, that any
measure of response bias would not be confounded by variation in

reinforcer ratio frequency.

Comparison of performance using both a controlled and
uncontrolled reinforcement procedure (McCarthy & Davison, 1984) showed
that where the controlled procedure generated iso-bias or equal bias
estimates across different stimulus values, the uncontrolled procedure
generated alloio-bias, or changing bias estimates across different
discriminability levels. These changes in response bias, negligible
at large stimulus differences (high discriminability) became more
extreme at small stimulus differences. These were due to the changes

in reinforcer ratio resulting from the uncontrolled reinforcement
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procedure.

The Davison and Tustin model predicts that as discrimination

between the two stimuli, S1 and S2, decreases, the value of log d

likewise decreases. A log d value of zero, therefore, indicates no

discrimination between the two stimuli. When values of log d are

plotted as a function of stimulus values, the descending portion of
the data function provides a description of decreasing discriminative
performance. The stimulus value corresponding to the log d value of
zero may then be taken as a measure of absolute threshold, independent
of any response biases the subject may have. Alternatively, the
stimulus value corresponding to a log d value of zero may be obtained
by extrapolation from a function fitted to the descending portion of
the data. The log d value of zero has provided a useful description
of the absolute threshold of luminance differences in pigeons

(McCarthy & Davison, 1984) and audition in hens (Temple et al., 1984).

Threshold criteria

Traditionally, in human studies of visual acuity, each trial
involves the presentation of the target stimulus. That is, generally
the subject is required to respond to the target stimulus on every
trial. The criterion for absolute threshold was conventionally
determined for human psychophysics as that stimulus value which the
subject could discriminate 50% of the time (Spence, 1934). In some
studies, 75% was used, as an adjustment for guessing (e.g. Blackwell,
1952). There can be problems with comparing studies when threshold
criteria vary. For example, Dobson and Teller (1978) refer to the
variability among acuity values for human infants, when estimates are

based on grouped data. Values differed, depending on whether studies
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used that stimulus value to which 50%, or 75% of the infants

responded.

In animal studies, different procedures may require different
criteria for threshold estimation and these criteria may depend on
whether or not the target stimulus is presented on each trial. In a
forced-choice discrimination task where two stimuli are presented
simultaneously, generally threshold estimates are based on the
percentages of correct responses to only one of the stimuli (i.e. the
"positive" or target stimulus). For example, Martin and Gordon,
(1974), using horizontal and vertical gratings, defined responses to
the vertical gratings as correct, and Spence (1934) using horizontal
gratings and "blank" or grey stimuli defined responses to the gratings
as correct. Both studies determined threshold as that grating spatial
frequency which was responded to correctly on 75% of the trials.

Loop, Smyly, Millican, Leigh and Greifer (1981) however, using the
same procedure, determined threshold as that grating value at which
70% of the responses were correct. The threshold criteria for the

latter study therefore, was slightly less stringent than that for the

other studies mentioned using this procedure.

When a successive discrimination is used, with only one of two
stimuli presented on each trial, generally threshold estimates are
based on responses in both trial types. For such studies the
threshold criterion is generally defined as 75% of total trials
(grating and grey stimulus) correct (e.g. Hodos et al., 1976; Hodos et

al., 1985).

When a go/no go procedure is used, the discrimination is
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successive. That is, there are two trial types, either with gratings

of differing orientation, or a grating and grey stimulus. Threshold
is generally based on correct responses to the target stimulus and
incorrect responses to the "negative" or grey stimulus. For example,
Bloch and Martinoya, (1982), using horizontal and vertical gratings
required pigeons to respond on the vertical grating presentation
("positive" stimulus) only, and the criterion for threshold was
determined as the 50% level of performance. This was based on a
performance index of the percentages of correct responses to the
"positive" grating, minus the percentage of incorrect responses to the

"negative" grating.

Spence (1934) suggested that the selection of any percentage
value as threshold criterion is, theoretically at least, an arbitrary
matter, as the threshold is a variable that ranges from the last
stimulus value which the subject discriminates 100% of the time to the
point at which no discrimination is made, or discrimination is 50% by
chance. The fact that one may adopt any percentage value within this
range, that is, 50% threshold, 60% threshold and so on, adds to the

difficulty in comparisons across animal studies.

When the threshold is definitely defined as "that stimulus value
which is discriminated as often as it is not", then the 50% correct
criterion is often used. However, when the threshold is defined in
terms of "the least stimulus value which at which there is clear
perception” (the point midway between perfect performance and chance)
then the 75% correct criterion is adopted (e.g. Dunstone & Sinclair,
1978). It appears, therefore, that in animal studies, the criterion

used is partially dependent on the definition of absolute threshold,
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and this may vary across studies.

The criterion may also depend on the number of available response
alternatives. Where the 75% value may be taken when two response
alternatives are available, the 66% value may be used when three
response alternatives are employed (Bartley, 1958). In a study by
Jacobs, Birch and Blakeslee (1982), tree squirrels chose between three
response alternatives, and a 40% criterion was used. However, this
decision may have been based on a 50% criterion for two response
alternatives. Martin and Scarborough’s (1965) study with hooded rats,
using a simultaneous discrimination, employed as threshold the value
of stimuli directly preceding the one to which the animal responded
correctly 50% of the time. The threshold value chosen here, would
necessarily depend on the size of the decrements in stimulus values
used. Weiskrantz and Cowey (1963) used the stimulus value
corresponding to 75% correct, based only on stimuli immediately above
and below the 75% point. Blough (1971) on the other hand, with a
simultaneous discrimination, used 75% correct responding to the
grating stimuli, extrapolated from a regression line fitted to
linearly transformed data from the descending portion of the
psychometric function. Some studies use total correct responses to
both stimuli (e.g. Herman, Peacock, Yunker & Madsen, 1975) whilst

others calculate correct responses to the target stimulus only (e.g.

Pepper & Simmons, 1973).

Spence (1934) argued that in animal studies, compared to human
studies, a much greater number of random or chance responses occur, as
’
a result of lack of experimental control over all extraneous

variables. The effect of such random responses is to lower the
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percentages of correct responses made to each stimulus value.

However, this effect is not constant for all portions of the
psychometric curve, the higher percentages (where discrimination is
best) being decreased to a lesser extent than the lower, if the number
of random responses is constant for all parts of the curve. This
effect would become zero at 50% as this value is itself a chance
result. Spence suggested it best to use as a criterion of threshold a
percentage value that is the least affected by these random responses.
From this point of view the 50% value would be the best criterion, as
it alone is not affected by chance factors. However, extended testing
at difficult discriminations may also result in loss of stimulus
control. As the criterion for threshold becomes higher, the threshold

value necessarily decreases.

Across studies, therefore, poorer estimates of threshold may not
reflect the animal’s visual capacity, but rather, the stringent
criterion employed to define threshold. It is possible that, at least
in certain procedures, the threshold criterion chosen may depend not
only on the arbitrary definition of threshold but also the manner in

which the animal’s discriminative performance decreases.

Most animal studies require either a simultaneous or successive
discrimination between two stimuli. Discrimination may be between a
pair of variable grating stimuli, varying only in line orientation
such as horizontal and vertical (e.g. Woodburne, 1965). As gratings
become finer it becomes more difficult to discriminate between them.
However, it is probable that the animal would make as many incorrect
responses to one as to the other, regardless of whether the

discrimination is simultaneous or successive. Alternatively,
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discrimination may be between a variable grating stimulus and an
unresolvable grating or grey stimulus (e.g. Hodos et al., 1976). 1In a
simultaneous discrimination as discrimination becomes difficult, the

animal is likely to be incorrect equally to both. However, in a

successive discrimination, as discrimination becomes more difficult it

may be more probable that the animal would respond to the grating as

grey than vice versa.

In a procedure which employs both a target and a standard
stimulus in a successive discrimination there are two extreme response
distributions which may occur as discrimination between the two
stimuli decreases. All performance which includes discriminative
responses to two alternatives would nécessarily fall within the range
of either of these. Firstly, in a visual acuity task using gratings
of increasing spatial frequency and grey stimuli, as discrimination of
gratings decreases, discrimination of the grey stimulus may be
maintained. That is, the animal may become incorrect on 100% of the
grating trials, and still remain 100% correct on grey stimulus trials.
The 50% criterion for total performance would be the point at which
there was 0% accuracy on grating trials. Therefore, in this case the
75¢ total correct performance might be used as the criterion as this
would be the point at which the animal could discriminate the gratings
correctly 50% of the time. If one used the point where log d becomes
zero, to estimate threshold (as suggested previously) for this
response distribution, this point would be analogous to the point of
50% correct on total trials. This could result in a threshold value
which may overestimate the animal’s visual ability, or at least, may
not correspond with thresholds based on 50% correct on grating

sfimulus trials. A log d value which most closely approximates the
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75% total performance may be more appropriate. If one may assume no

bias, then a log d value of 0.48 would be equivalent to 75% total

trial accuracy.

A second extreme response distribution could occur when
discrimination on both grating and grey stimulus trials decreases
equally. That is, as the animal becomes less accurate on grating
trials, as a function of increased spatial frequency, it also becomes
less accurate on grey stimulus trials. In such a case, the point
where the gratings are correctly discriminated on 50% of the trials,
is also the point where the grey stimuli are correctly discriminated
50% of the time. If the 75% total performance criterion were used for
this response distribution, we would be taking the point where the
animal is still discriminating the grating on 75% of trials. The use
of this criterion for such a response distribution would result in a
threshold value which may underestimate the animal’s visual ability.
Here, the 50% accuracy of total trial performance coincides with 50%
accuracy on gratings trials. For this type of response distribution,

a log d value of zero would possibly be more appropriate.

Because the criterion used to determine threshold is one which is
necessarily based on the discriminative performance on one of the two
alternatives, (i.e. the grating), it would seem important to analyse
performance in such procedures in terms of the response distribution
to both response alternatives. If performance falls somewhere between
these two hypothetical extreme response distributions, perhaps a
threshold value somewhere between the 50% and 75% total correct

performance point would be the most appropriate.
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The aim of the following series of studies was threefold:
(a) to investigate visual acuity in the domestic hen,
(b) to determine the effects of various procedural manipulations on
discriminative performance and the resultant estimates of threshold,
and
(c) to compare the effects of task difficulty on discriminative

performance under various procedural manipulations.
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EXPERIMENT 1.1

Although sensory functions in animals have often been compared
across species, and differences between and within species widely
documented, the investigation of differences in discrimination which
may occur as artefacts of procedural variation has been limited. The
method by which stimuli are presented to the subject may affect the
discriminative performance, and the estimate of absolute threshold
value obtained, as may the techniques of analysis to which data are
subjected. Both Dalland (1970) and Terman (1970) reported that the
descending series of the Method of Limits stimulus presentation

generated higher accuracy than the ascending series.

The present experiment involved a spatial successive
discrimination task in a two-alternative procedure with a constant
(grey) and variable (grating) stimulus. Such a procedure may be
termed a symbolic matching-to-sample procedure, in which the sample
designates which of the two comparison stimuli (left or right keys) is
correct.

The purpose of this study was:

(a) to determine the discriminative performance in the domestic hen,
using a visual acuity task,

(b) to determine absolute threshold estimates with a variety of
criteria,

(c) to evaluate the utility of various methods of analysis both
traditional and non-traditional, for the present studies, and

(d) to determine any difference between discriminative performance in

a descending and ascending series of stimulus presentation.
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Method 1.1

Subjects

Six domestic hens (Ross Tinted) numbered from 71 to 76 served.
They were 42 weeks old when the study commenced. All birds had been
magazine trained and trained to peck an illuminated key prior to the
experiment. They were individually housed and received supplementary
food (commercial laying mash) to maintain their weights at 80% +/-

20 g of their free-feeding levels throughout the study. Water and

grit were available at all times.

Apparatus

The experimental chamber consisted of a wooden box 414 mm wide,
535 mm high and 570 mm long. Three back-illuminated response keys of
clear plate glass, 3 mm thick, 30 mm in diameter, 90 mm apart and 385
mm above the floor, were located centrally on separate aluminium
response panels. A piece of clear perspex, 30 mm in diameter and 4 mm
thick was placed between the rear of the centre response key and the
light source. A small square of thin white cardboard was attached to
the exterior of the response wall, between the rear of each of the two
side keys and their respective light sources. Access to the
solenoid-operated magazine was centrally located 145 mm from the
floor. On the bottom of the chamber a grid floor was set in a plastic

tray. This was removable for cleaning.

The centre key was made opaque except for a 20 mm diameter
circular region in the centre, by applying a coat of black paint

around the circumference of the rear of the key. Pecks on the
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response keys were effective only if they exceeded a force of 1.5 N

for the centre key and 0.75 N for the side keys and if the keys

illuminated. An effective peck extinguished the keylight and produced

a tone for 35 ms. This tone provided auditory feedback. Experimental
events were controlled by a Commodore 64 computer, situated remotely

from the experimental chamber.

Target stimuli. These consisted of a series of pairs of black

and white stripes (termed gratings) and grey stimuli. Both stimulus
types were photographic transparencies. The gratings were
photographed reductions of a commercially prepared high contrast
square wave grating called Letraset. Both the gratings and grey
stimuli measured 24 mm by 35 mm. The gratings ranged in spatial
frequency from one to ten line-spaces per mm (cycles/mm). When, for
the present series of studies, the widths of bars and spaces were
measured using a microscope with stage micrometers, the bar widths and
spaces between the bars were found to be slightly different, with
spaces less than 0.05 mm wider than bar widths for the coarsest
grating (1 cycle/mm). For all grating sizes this slight difference
was a constant proportion, as the finer gratings were reductions from
the coarsest grating. Therefore, for the purposes of the present
studies, the bars and spaces were treated as equal (e.g. one cycle per
mm (c/mm) refers to one bar and one space per mm) for clarity and ease
of across-study comparison. A photographic enlargement of the

original grating is shown as Plate 1.1.1.

Six pairs of gratings and grey stimuli were mounted in

alternating order, around the circumference of a 216 mm diameter
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Plate 1.1.1



Plate 1.1.1: A Photographic enlargement of the original grating
used.
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Opaque perspex disk, located at the rear of the centre key. The
distance from the front surface of the key to the front surface of the

stimuli was 26 mm. Fourteen stimulus disks were used throughout the

study. On each were mounted six grey stimuli and six gratings of one
spatial frequency only. The stimuli on the disks, and the rear of the
centre response key were regularly dusted with a fine bristled brush.

Figure 1.1.1 shows an illustration of the disk attached to the

exterior of the response wall of the chamber.

Contrast of the stimuli. The contrast of seven of the

gratings, ranging in spatial frequency from one to 10 c/mm, was
measured with a Joyce-Loebl Mark 3CS microdensitometer, with a
rectangular measuring slit 50 microns by 500 microns. The following
formula was used to calculate contrast:

Li-La

C = x 100
Li+Lg

where 2C represents the percentage contrast, Lg is the luminance of
the dark bars, and L) is the luminance of the spaces. The percentage
of contrast was found to vary from 92.5% to 100%. The contrast of

each grating is shown in Table 1.1.1.

Luminance values. All key luminances were measured in cd/m2

with an ASAHI Pentax Spotmeter V. Luminance of the centre sample key
measured at 3 cd/m2 and luminance of the two side keys measured 2.69
cd/m2. Luminances of gratings and grey stimuli were equal, with a

loss of luminance of 0.16 cd/m2 at the finest grating (10 c¢/mm) only.
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Figure 1.1.1




Black masking Detector Arm of motor
(drives disk)

Light source for
side response key

Proj bulb light
source for centre
sample response key

C

Figure 1.1.1: The exterior of the response
wall of the experimental chamber.




Page 52

Table 1.1.1



Table 1.1.1

Contrast of grating stimuli of each spatial frequency, measured by a
Joyce Loebl Mark 3CS microdensitometer

Grating spatial

frequency (c/mm) Contrast (%)

1 94.80

2 100

3 94.1 +/- 1.0
4 94.1 +/- 1.0
5 100

6 100

8 92.5 +/- 1.0

10 93.6 +/- 4.8
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The three response keys were rear illuminated by 3.75 W projector
bulbs. The projector bulb behind the centre key was replaced every
eight weeks, and prior to each series of probes, and luminance was
checked regularly to ensure that the value remained constant.

Illumination of the walls and ceiling remained at approximately 3 Lux,

as measured with an L1-170 Quantum Radiometer Photometer. No

houselight was used.

Reinforcement. An automatic food delivery hopper contained
whole wheat. The hopper could be raised to allow access to the wheat.

The food hopper was illuminated by a 1.5 W bulb covered with an opaque

plastic cap.

Procedure

General procedure. Six gratings of the same spatial frequency

and six grey stimuli were presented during an experimental session.
Presentation of the grating or grey stimuli was psuedo-random, a
variation of the Gellerman (1933) series. This ensured that the
grating and grey stimuli would each be presented on no more than three
consecutive trials, and that each would be presented on approximately
the same number of trials within each experimental session. A
non-correction procedure was used, that is, the occurrence of the
grating and grey stimulus behind the centre key was independent of the

accuracy of responses on the previous trial.

A variable-interval reinforcement schedule of 30 s (VI 30) was
programmed, using a version of the Gellerman series, allotting
reinforcement delivery for correct responses on each of the two side

keys aperiodically’ around an average of 60 s each, or 30 s overall.
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The VI schedule consisted of an arithmetic series of 15

intervals, (a+bx; a=1, b=2 (i.e. 1+2x) x=0,1,2 ... 14) presented in

random order. The schedule of reinforcement was kept constant at VI

30 s throughout the experiment.

A non-independent or controlled reinforcement procedure was used.
That is, if a reinforcement came available on one alternative, the
animal was denied access to reinforcement for correct responses on the
other, until it made a correct response on the alternative where the
reinforcement was available. This prevented exclusive responding to
one alternative only and controlled the relative obtained

reinforcement rate. This schedule was in effect throughout the

experiment.

Each trial began with the presentation of either a grating or a
grey stimulus (the sample stimulus) behind the illuminated centre key.
A single peck on this key resulted in the two side keys being lit. If
the grating was present behind the centre key, a peck to the left side
key was correct. If the grey stimulus was presented on the centre
key, a right side key peck was correct. The centre response key
remained 1it during this choice. A correct trial resulted in the
magazine light coming on for 3 s, and aperiodically this was
accompanied by 3 s access to wheat. The three key lights went out and
the keys were inoperative during this time. Incorrect responses, that
is, a response to the right key when a grating was presented, or a
response to the left key when a grey stimulus was presented, resulted
in 3 s blackout. During the 3 s of reinforcement or blackout, the
stimulus disk turmned to position the stimulus for the following trial.

Sessions started and ended in black-out. Experimental sessions were
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scheduled for seven days a week, for a total of 45 reinforcements or

30 min, whichever was the shortest.

Preliminary Training. Training commenced with a 4 c/mm

grating and grey stimuli, and 4 s reinforcement for each correct
response (CRF). After seven sessions, training continued on a VI 15 s
schedule for correct responding, for a further 18 sessions. During
these sessions, when a correct response was not followed by
reinforcement, the magazine light went on for 0.5 s. The consequence
for an incorrect response was 3 s blackout. For the following 21
sessions the magazine light duration was increased to 2 s when a trial
was correct but reinforcement was not available. The magazine light
presentation was then increased to 3 s duration, and continued at this
duration throughout the experiment. Following a further 35 sessions,
the reinforcement schedule was reduced to VI 30 s, and this schedule

was continued throughout the experiment. Table 1.1.2 presents the

experimental sessions during preliminary training.

Main training sessions. Following the first 40 sessions of

main training, the training stimulus was changed from 2 c/mm to

1 ¢/mm. Thereafter, on training sessions the grating presented was
always of the lowest spatial frequency (1 c/mm) and other conditions
were as in the general procedure. Training sessions continued for a
further 21 sessions, until behaviour met both an accuracy and a
stability criterion. Hens were required respond with an 80% accuracy
on total (both grating and grey) trials. It was necessary to reduce
this testing criterion to 702 accuracy for hen 73, when it became
apparent after extensive training that she was not going to reach this

degree of accuracy. The stability criterion required that the median
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Table 1.1.2



Table 1.1.2

The spatial frequency of the training stimulus, the reinforcement
schedule (Rft sched) reinforcement duration (Rft dur) magazine light

duration (Mag light) and the number of sessions for each training
condition.

Training stimulus

Spatial frequency Rft Rft Mag. light No of
(c/mm) sched(s) dur(s) (s) sessions
2.0 CRF 4 0.5 7
2.0 VI 15 3 0.5 18
2.0 VI 15 3 2.0 21

2.0 VI 15 3 3.0 35
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of the proportion of correct responses emitted over five sessions be
within 0.05 of the median from the preceding five sessions (Davison,

1976) . This criterion had to be met five, not necessarily

consecutive, times.

Probe sessions. Once the above criteria were satisfied,

testing or probe sessions were commenced. These sessions involved the
use of a grating of a higher spatial frequency from that used as the
training stimulus. Only one value of spatial frequency was used
during a probe session, and, in most cases, only one probe session was
undertaken at each grating value. Between probe sessions, training
continued with the coarsest grating (1 c/mm) for at least one session,
until each hen had reached her individual testing criterion. The
testing criterion for each hen was that correct responses be within
0.1 of the highest proportion of total trials correct during the last

five days of training, before the probe series began.

Probes included a descending and an ascending series. For the
descending series of probes, the gratings presented in each probe
session increased in spatial frequency (i.e. progressively finer
gratings) from 1 c/mm to 10 c/mm. The ascending series of probes
began with the grating of the highest spatial frequency (10 ¢/mm) and
gratings were presented in order of decreasing spatial frequency at
each successive probe session. The ascending series of probes
commenced immediately following completion of the descending series of
probes, when all hens had reached their individual testing criteria.
Equipment problems caused rejection of data for the first 53 sessions

following commencement of probe sessions.
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Data Collection. The data collected included the number of

correct and incorrect responses emitted on the left and right keys
following presentation of the grating and grey stimulus on the sample
key, the latencies of correct and incorrect responding on left and
right keys following presentation of the grating and grey stimulus,

and the number of reinforcements obtained for responding correctly on

the left and right keys.

Determination of visual angle

To calculate near field visual acuity, it was necessary to determine
the distance from the surface of the gratings to the retinal surface
of the eye. A video film was taken of each hen whilst it was working
in the chamber. A ruler with 10 mm markings was set up, extending
along the ceiling of the chamber, from a point immediately above the
centre key. Filming occurred over several sessions, and the hens
seemed undisturbed by the presence of the camera. Lighting conditions
in the chamber were unchanged during this time. The video of the hens
was subsequently run slowly, stopped and rewound at various points to
determine placement of the hen’s head just prior to the initiation of
a peck on the sample (centre) key. Still photos were taken at these
points, just prior to the start of a peck movement. The distance
from the centre response key to the anterior surface of the hen’s
cornea was determined from these photos. Measurements obtained were
used to estimate the visual angle subtended by the retinal images of
the gratings. A photograph of one of the hens in a typical position

prior to pecking the centre key, is shown on Plate 1.1.2.

A histological study was completed by Ms Denyse Harding, a

biological sciences technician,  to determine the distance from the
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Plate 1.1.2



Plate 1.1.2: Hen standing in a typical position in the experimental
chamber, prior to pecking the centre sample key.
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#2'2rior of the cornea to the retinal surface of the hens’ eyes. The
w'racted left eyes of two recently sacrificed White Shaver adult hens

»r» placed into fixative of 2.5% glutaraldehyde buffered at ph 7.3.
\» an ocular hemisector was not available, the eyes were hemisected
~»r*ically (as carefully as possible) between the cornea and the exit
int of the optic nerve, using a disposable microtome blade. Entry
! the blade was from the posterior of the globe toward the cornea.
\n Jlympus binocular dissecting microscope with an eyepiece
2. ‘rometer, was used to determine measurements of the distance from
*e anterior of the cornea to the anterior surface of the retina.

“iinification at 14x was obtained by using 20x eyepieces with

aysnification at 0.7x.
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Results 1.1

Discrimination

Figure 1.1.2 presents the percentages of total trials correct
(gratings and grey stimuli) as a function of the spatial frequency of
gratings, measured in cycles per mm (c/mm) for all hens and for both
the descending and the ascending series of probes. There is close
replication in the data for both series and for all hens, with the
data showing a monotonically decreasing function at increasingly finer
gratings to 3 - 4 c/mm, followed by a levelling off. There are no
consistent differences between the data for the descending and

ascending series of probes.

Both at the coarsest gratings, where hens showed highest
accuracy, and at the finer gratings, where accuracy is low, there is
variability in the data. That is, at grating values where high
accuracy indicated that the hens could discriminate, and at grating
values where low accuracy indicates little or no discrimination, there
are fluctuations in the percentages correct. For example, the
percentages of total trials correct for hen 71 were 93% for the probe
with a grating of 1.2 c/mm and this increased to 97% at the grating
value of 1.4 c/mm. The percentages of total trials correct increased
from 54% at the 6 c/mm grating value to 59% correct at the 8 c/mm
grating value. Similar fluctuations in accuracy occurred across all

hens for both probe series.

The estimates of threshold for each hen for both probe series
were determined as that spatial frequency of the gratings at which 75%

of total trial performance was correct. This was obtained by
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Figure 1.1.2




Figure 1.1.2

The percentages of total trials correct, plotted as a function of
grating spatial frequency, measured in c¢/mm, for all hens, for
the descending (filled circles joined by a solid line) and
ascending (unfilled circles joined by a broken line) series of

probes.
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interpolation using the line which joined the data points, to
estimate the grating frequency corresponding to 75% of total trials
correct. Estimates were also taken from the point at which the
plotted function was 50% correct. Where the functions did not
decrease to 50%, an estimate was taken by extrapolation from the

descending function to the X-axis, by extending a line from the final

two data points of the descending portion of the function.

Threshold estimates for all hens for both probe series are shown
in Table 1.1.3. Estimates taken from the point at which total
performance was 50% correct are greater than those taken from the
point of 75% total trial accuracy. The estimates for 75% total trials
correct range from 2.1 to 3.0 c/mm for the descending series, and from
1.3 to 2.6 c¢/mm for the ascending series of probes. Those obtained
from the 50% total trials correct criterion range from 2.9 to 5.1 c/mm
for the descending series and from 2.3 to 4.3 c/mm for the ascending

series of probes.

For three hens, and from both threshold criteria, estimates
obtained from the descending series are greater (i.e. indicating more
acute vision). For two hens and from both threshold criteria,
estimates taken from the ascending series are greater. For one hen,
73, it was not possible to determine a estimate for the descending
series as her data did not reach 75% total accuracy. Her performance,

however, improved sufficiently to allow estimation of a threshold for

the ascending series.

Figure 1.1.3 shows the percentages of correct responses made on

grating and grey stimulus trials, plotted separately, as a function of
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Table 1.1.3



Table 1.1.3

Threshold estimates measured in c/mm, taken from the data plotted as
the percentage of total trials correct, at the stimulus values
corresponding to 75% and 50% total trial accuracy for all hens, for
the descending and ascending series of probes.

Descending Ascending
Hen 75% 50% 75% 50%
71 2.1 2.9 2.2 3.1
72 2.1 2.9 2.4 3.1
73 * 3.4 1.3 2.3
74 2.4 3.5 2.2 3.1
75 3.0 3.7 2.6 3.9
76 2.5 5.1 2.3 4.3

* Estimate not calculable.
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Figure 1.1.3




Figure 1.1.3

The percentages of grating (filled circles joined by a solid
line), and grey stimulus trials (unfilled circles joined by a
broken line) correct, plotted separately, as a function of
grating spatial frequency, measured in c¢/mm, for all hens, for
the descending and ascending series of probes.
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grating spatial frequency, measured in c/mm. These are shown for the
descending and the ascending series of probes. All functions show
decreasing accuracy with increasing values of grating spatial

frequency. Generally, the percentages of correct responses on grating

trials fell to below 50%. All hens showed decreases in accuracy on
grey trials to around 70% or below during probe sessions with finer
gratings. However, except for the functions for hens 71 and 73, there

is a tendency for the curves to be flatter on grey stimulus trials

than for finer grating trials.

Threshold estimates based on the grating trials only, were taken
from the stimulus values corresponding to the points at which the
plotted functions were 50% correct. Where plotted functions did not
decrease to 50%, an estimate of threshold was taken by extrapolation
from the descending function to the X-axis, by the extension of a line
from the final two data points of the descending portion of the
function. Estimates for all hens for both probe series are shown in
Table 1.1.4. These range from 2.4 to 4.8 c/mm for the descending
series and from 2.5 to 4.9 c/mm for the ascending series. Neither of
the two probe series yielded consistently greater threshold values.
Estimates were also taken from the points at which the plotted
functions were 75% correct. These are also shown in Table 1.1.4 and
range from 1.0 to 2.8 c/mm for the descending series and from 1.3 to
2.8 c/mm for the ascending series. Neither probe series consistently
provided greater estimates. Although it was not possible to determine
an estimate for hen 73 from the point at which the plotted function of
percentage of total trials were 75% correct for the descending series,
there was sufficient accuracy to calculate this from the grating

trials only function. This indicates that the low accuracy of total
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Table 1.1.4



Table 1.1.4

Threshold estimates, measured in c/mm, taken from the data plotted as
thg percentages of grating and grey stimulus trials correct, at the
stimulus values corresponding to 50% and 75% grating trial accuracy,
for all hens, for the descending and ascending series of probes.

Descending Ascending
Hen 50% 75% 50% 75%
71 2.4 1.9 4.6 2.4
72 3.6 2.0 2.9 1.8
73 2.5 1.0 2.5 1.3
74 3.1 1.8 3.1 2.2
75 4.8 2.8 4.9 2.8
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trial performance (Figure 1.1.2) resulted from greater inaccuracy of

responding on grey stimulus trials rather than from inaccuracy on

grating trials.

Figure 1.1.4 presents log d calculated using Equation (6). Log d
values are shown for all hens from both probe series, as a function of
grating spatial frequency, measured in c/mm. Data replicate well for
the two series, showing a steep decrease in log d with curves
flattening out at finer grating probes. In two cases log d values

increased at the highest spatial frequency of gratings.

Threshold estimates were obtained by interpolation to determine
the spatial frequency of grating which corresponded to a log d value
of 0.48. The log d value of 0.48 was chosen as that value which most
closely approximates 75% accuracy on total trial performance. Further
estimates were taken for both probe series and all hens from the point
where the log d value was 0.00. For most plots, to obtain these
estimates, it was necessary to extrapolate by extending a line from
the final two data points of descending portion of the function to the
X-axis. The estimates of threshold obtained from the log d values of
0.48 and 0.00 for all hens and both probe series are shown in Table
1.1.5. For the log d value of 0.48, these range from 2.1 to 3.0 c/mm
for the descending series and from 1.3 to 2.8 c/mm for the ascending
series. As for estimates obtained from the functions on Figures 1.1.2
for the percentages of total trials correct, neither series of probes
consistently yielded greater estimates of threshold. Estimates from
the log d value of 0.00 range from 2.7 to 3.9 c¢/mm for the descending
series and from 2.1 to 3.8 c¢c/mm for the ascending series. For all

hens these values are greater than those obtained using the point



Page 69

Figure 1.1.4




Figure 1.1.4

Values of log d plotted as a function of grating spatial
frequency, measured in c¢/mm, for all hens, for the descending
(filled circles joined by a solid line) and ascending (unfilled
circles joined by a broken line) series of probes. Infinite log d

values are indicated by an asterisk and an arrow pointing upwards
from the X-axis.
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Table 1.1.5



Table 1.1.5

Estimates of threshold measured in ¢/mm taken from data, plotted as
values of log d, at the stimulus value corresponding to log d values

of 9.48 and 0.00, for all hens, for the descending and ascending probe
series.

Descending Ascending
Hen 0.48 0.00 0.48 0.00
71 2.2 2.8 2.3 2.9
72 2.9 2.4 3.6
73 * 2.7 1.3 2.1
74 2.4 2.9 2.8 3.1
75 3. 3.9 2.6 3.7
76 3.0 4.2 2.4 3.8

* Estimate not calculable
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where the log d value was 0.48. Neither series of probes consistently

yielded greater estimates of threshold.

The data, when plotted as values of log d, generally look like
two approximately straight lines, that is, one descending line and one
horizontal line. For each hen’s data from each probe series, a series
of pairs of lines were fitted by the method of least squares. The
first lines were fitted by taking the first two data points (the
lowest grating spatial frequency) for one line and the remainder for
the other. The next pair included the first three points in the first
line and the remainder in the other. This process of increasing the
number of data points in the first line was continued, to produce a
series of line pairs from the data for each hen for each probe series.
These line pairs were created for each hen’'s data for the standard
measure of stimulus values used (i.e. c/mm) and a series of
transformations of the measures of the stimulus values. Specifically,
these transformations were the logarithm of the number of cycles/mm,
the width of a cycle (mm) and the logarithm of the width of a cycle.
The data are plotted as a function of these in Figures 1.1.5a to
1.1.5d. The lines chosen to describe the descending function of the
data are shown in the figures. An attempt was made to choose the
first line of the line pair which gave, overall, the least standard
error, and included three or more data points in the descending line.
In some cases, however, the lines drawn were not those with the lowest
standard error, but were those which were judged by three observers to
describe the descending portions of the data best. It was possible to
fit the line with the least standard error in eight of 12 cases when
stimulus values were measured in c/mm (Figure 1.1.5a), in six of 12

cases when stimulus values were transformed to the logarithms of the
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Figure 1.1.5



Figure 1.1.5 (a) to (d)

Values of log d plotted as a function of grating spatial
frequency, for all hens, for the descending and ascending series
of probes, plotted as a function of grating spatial frequency,
measured in:

(a)
(b)
(c)
(d)

cycles per mm (c/mm).

logarithms of the number of cycles per mm.
width of a cycle (mm).

logarithms of the width of a cycle.

A line has been fitted to the descending portion of the data from
each hen by the method of least squares, and is shown in the

figures.
1.1.6.

The parameters of the fitted lines are given in Table
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number of cycles/mm (Figure 1.1.5b) and only in five of 12 cases when
stimulus values were transformed either to the width of a cycle (mm)
or the logarithm of the width of a cycle (Figures 1.1.5¢ and 1.1.5d).
Table 1.1.6 shows the slope, intercept, the number of data points
described by the line, the standard error of the estimate and the

percentage of variance accounted for (VACZ) by each line chosen to

describe the descending portion of the data.

Plotting the data as a function of the logarithms of the number
of cycles/mm (Figure 1.1.5b) and as a function of the logarithms of
the width of a cycle (Figure 1.1.5d) had the effect of spreading out
data points more equally along the X-axis. To estimate threshold, the
stimulus values corresponding to a log d value of 0.48 were determined
from the fitted lines. Further estimates were obtained from these
functions at the point where the fitted line crossed the X-axis at a
log d value of 0.00. Table 1.1.7 shows these estimates, measured in
c/mm, obtained for all hens in both series of probes, for each of the
measures of stimulus value and for both of the log d values, 0.48 and
0.00. The 95% confidence intervals, as derived from the standard

error of the line fit, are also shown.

The use of a log d value of 0.00 consistently yielded threshold
estimates greater than those obtained using the log d value of 0.48,
and these were generally greater for the descending series. The range
of different estimates obtained for the same data determined from the
fitted line at the log d value of 0.48 was not as great as the range
for the same data determined from the fitted line at the log d value
of 0.00. The transformation of stimulus values to the logarithm of

the number of cycles/mm generally yielded slightly greater estimates
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Table 1.1.6



Table 1.1.6

The slopes and the intercepts of the least squares lines fitted to the values of log d plotted as a function of grating
spatial frequency, measured in cycles/mm(A) logarithm of the nuaber of cycles/am(B), the width of a cycle (=2)(C) and
the logarithm of the width of a cycle (D), for all hens, for the descending (1) and ascending (2) probe series. The
nusber of data points (Data Pts.) described by each line, the anmounts of variance accounted for by the lines (VACZ) and
the standard errors of the estimates (SE) are also given.

A: Cycles/mm C: Width of a cycle (om)
Hen Probe Slope Intcpt Data VACZ SC Hen Probe Slope Intcpt Data VACX SE
series pts. series pts.

11 1 =-0.70 2.14 8 82.0 0.22 ) 1 =1.90 0.29 12 83.2 0.23
2 =-1.07 2.75 4 98.5 0.03 2 2.28 -0.48 9 87.2 0.09

12 1 =-0.54 1.82 9 77.1 0.25 72 1 »1.83 -0.34 12 81.5 0.24
2 --0.76 2.418 S 88.2 0.10 2 2.32 -0.40 12 85.2 0.14

13 1 *-0.18 0.49 8 82.2 0.06 13 1 =0.49 -0.14 10 79.3 0.06
2 »-0.54 1.16 6 75.4 0.11 2 1.0 -0.39 6 17.1 0.11

14 1 =-0.46 1.81 10 74.0 0.27 74 1 =2.08 -0.31 11  84.2 0.14
2 =-0.58 1.73 8 71.0 0.24 2 1.67 -0.35 9 72.2 0.24

75 1 -0.54 2.23 10 90.4 0.19 75 1 2.15 -0.20 12 76.8 0.33
2 -0.61 2.24 9 81.3 0.24 2 2.04 -0.19 11 68.5 0.35

16 1 -0.50 2.03 10 89.8 0.17 6 1 =2.16 -0.25 11 94.4 0.14
2 -0.66 2.20 8 84.3 0.19 2 2.20 -0.31 11 81.6 0.19

B: Logaritha of number of cycles/ezm D: Logarithm of the width of a cycle

Hen Prot?e . Slope Intcpt  Data VAC% SE Hen Probe Slope Intcpt Data VACX SE

series pts. series pts.

711 1 ~-2.68 1.52 9 82.1 0.23 71 1 =2.40 -1.48 10 82.3 0.23
2 =-3.5%5 1.72 17 99.0 0.05S 2 =3.50 -1.73 1 98.7 0.0S

7 1 --2.14 1.34 11 81.0 0.23 72 1 *1.96 -1.30 12 82.0 0.23
2 +-2.93 1.75 10 95.8 0.13 2 2.98 -1.78 6 87.3 0.14

13 1 =-0.60 0.32 7 64.4 0.06 73 1 *0.66 -0.33 9 81.8 0.06
2 =-1.59 0.62 7 78.7 0.11 2 1.8D -0.65 6 73.8 0.12

74 1 -2.02 1.42 12 76.1 0.28 74 1 2.217 -1.43 9 63.5 0.31
2 -2.14 1.24 8 70.0 0.25 2 2.40 -1.24 17 56.4 0.27

15 1 -2.43 1.76 12 87.3 0.24 75 1 2.37 -1.77 ] 74.5 0.217
2 -2.50 1.70 11 80.8 0.27 2 2.19 -1.71 11 81.7 0.27

76 1 -2.58 1.71 10 95.6 0.11 76 1 *2.46 -1.70 1 96.4 0.11
2 -2.19 1.59 11 83.5 0.20 2 1.61 -1.35 12 65.5 0.32

* line fitted contains least stancard error.
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Table 1.1.7



Table 1.1.7

Threshold estimates measured in c/mm, taken from the stimulus value
corresponding to a log d value of 0.48 (A) and a log d value of 0.00
(B), as determined by the fitted line, for all hens for the descendling
anq ascending probe series for the following transformations of
stimulus values: c¢/mm, the logarithms of the number of cycles/mm, the
width of a cycle in mm and the logarithm of the width of a cycle. The
95% confidence intervals as derived from the standard error of the

estimate are shown in brackets. Where estimates were not calculable,
an asterisk is shown.

A: Log d value of 0.48

Descending Series Ascending Series
log width log width log width log width
Hen c/mm c/mm cycle cycle Hen c/mm c/mm cycle cycle
mm mm
71 2.4 2.5 2.4 2.6 71 2.1 2.3 2.4 2.3
(0.5) (0.4) (0.4) (0.4) (0.1) (0.2) (0.2) (0.1)
72 2.5 2.5 2.2 2.5 72 2.6 2.7 2.6 2.8
(0.5) (0.2) (0.5) (0.4) (0.2) (0.2) (0.2) (0.2)
73 0.1 * * * 73 1.2 1.2 1.2 1.2
(0.1) (0.2) (0.2) (0.2) (0.2)
74 2.9 3.0 2.6 2.8 74 2.3 2.0 2.0 2.1
(0.5) (0.5) (0.3) (0.6) (0.5) (0.5) (0.5) (0.5)
75 3.2 3.3 3.0 3.4 75 2.9 3.0 3.0 3.1
(0.4) (0.5) (0.6) (0.5) (0.5) (0.5) (0.7) (0.5)
76 3.1 3.0 2.9 3.1 76 2.6 2.8 2.9 3.3
(0.3) (0.2) (0.3) (0.2) (0.4) (0.4) (0.4) (0.6)

B: Log d value of 0.00

Descending Serles Ascendling Serles
log width log width log width log width
Hen c/mm c/mm  cycle cycle Hen c/mm c¢/mm  cycle cycle
mm mm
71 3.1 3.6 6.7 4.2 71 2.6 3.2 4.5 3.1
(0.5) (0.4) (0.4) (0.4) (0.1) (0.2) (0.2) (0.1)
72 3.3 4.3 5.6 4.3 72 3.2 3.9 5.6 4.0
(0.5) (0.5) (0.5) (0.4) (0.2) (0.2) (0.3) (0.3)
73 2.8 3.3 3.3 2.9 73 2.1 2.4 2.6 2.2
(0.1) (0.1) (0.1) (0.1) (0.2) (0.2) (0.2) (0.2)
74 3.9 5.0 6.7 4.5 74 3.1 3.6 4.5 3.3
(0.5) (0.5) (0.3) (0.6) (0.5) (0.5) (0.5) (0.5)
75 4.1 5.1 10.0 5.6 75 3.7 4.7 10.0 4.8
(0.4) (0.5) (0.6) (0.5) (0.5) (0.5) (0.7) (0.5)
76 4.1 4.6 7.7 4.8 76 3.1 4.4 7.1 6.7
(0.3). (0.2) (0.3) (0.2) (0.4) (0.4) (0.4) (0.6)

» Threshold estimate
incalculable
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than for untransformed stimulus values, measured in c¢/mm, for both
probe series, regardless of the log d value used as the threshold
criterion. The transformation of stimulus values to the width of a
cycle (mm) generally resulted in the greatest thresholdlestimates of
any method, when determined at the log d value of 0.00. However for

this transformation of stimulus values, estimates were not greater

when the log d value of 0.48 was used.

When comparing the estimates of threshold obtained by the use of
various criteria it can be seen that there is a tendency for those
based on plots using the transformation of stimulus values to the
width of a cycle (mm), and using a log d value of 0.00, to be at a
higher grating spatial frequency for all hens and to be more variable
than the others. For all hens, threshold estimates determined from
the fitted line, based on log d values of 0.00 were greater and more
variable than the estimates based on a log d value of 0.48. Estimates
determined from the fitted line using log d value of 0.48 generally
lie within the range of the 75% of total trials correct and log d
value of 0.48. For four of six hens, the estimates from 50% grating
trials correct are greater (indicating more acute vision) than those
obtained with a criterion of either 75% total trials correct, 75%

grating trials correct or a log d value of 0.48.
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