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3.1 INTRODUCTION

Psychophysical methods are the tools for measuring perception and performance. These tools are
used to reveal basic perceptual processes, to assess observer performance, and to specify the required
characteristics of a display. We are going to ignore this field’s long and interesting history,! and much
theory as well.>* Here we present a formal treatment, emphasizing the theoretical concepts of psy-
chophysical measurement. For practical advice in setting up an experiment, please turn to our user’s
guide.! Use the supplied references for further reading.

Consider the psychophysical evaluation of the suitability of a visual display for a particular pur-
pose. A home television to be used for entertainment is most reasonably assessed in a “beauty contest”
of subjective preference,” whereas a medical imaging display must lead to accurate diagnoses®” and
military aerial reconnaissance must lead to accurate vehicle identifications.® In our experience, the
first step toward defining a psychophysically answerable question is to formulate the problem as a task
that the observer must perform. One can then assess the contribution of various display parameters
toward that performance. Where precise parametric assessment is desired it is often useful to substi-
tute a simple laboratory task for the complex real-life activity, provided one can either demonstrate,
or at least reasonably argue, that the laboratory results are predictive.

Psychophysical measurement is usually understood to mean measurement of behavior to reveal
internal processes. The experimenter is typically not interested in the behavior itself, such as pressing
a button, which merely communicates a decision by the observer about the stimulus.” This chapter
reviews the various decision tasks that may be used to measure perception and performance and eval-
uates their strengths and weaknesses. We begin with definitions and a brief review of visual stimuli.
We then explain and evaluate the various psychophysical tasks, and end with some practical tips.

*Psychophysical measurement can also be understood to include noncommunicative physiological responses such as pupil
size, eye position, electrical potentials measured on the scalp and face, and even BOLD fMRI responses in the brain, which might
be called “unintended” responses. (These examples are merely suggestive, not definitive. Observers can decide to move their eyes
and, with feedback, can learn to control many other physiological responses. Responses are “unintended” only when they are not
used for overt communication by the observer.) Whether these unintended responses are called psychophysical or physiological
is a matter of taste. In any case, decisions are usually easier to measure and interpret, but unintended responses may be preferred
in certain cases, as when assessing noncommunicative infants and animals.

3.1
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VISION AND VISION OPTICS

3.2 DEFINITIONS

At the highest level, an experiment answers a question about how certain “experimental conditions”
affect observer performance. Experimental conditions include stimulus parameters, observer instruc-
tion, and anything else that may affect the observer’s state. Experiments are usually made up of many
individual measurements, called “trials,” under each experimental condition. Each trial presents a
stimulus and collects a response—a decision—from the observer.

There are two kinds of decision tasks: judgments and adjustments. It is useful to think of one as
the inverse of the other. In one case the experimenter gives the observer a stimulus and asks for a clas-
sification of the stimulus or percept; in the other case the experimenter, in effect, gives the observer a
classification and asks for an appropriate stimulus back. Either the experimenter controls the stimulus
and the observer makes a judgment based on the resulting percept, or the observer adjusts the stimulus
to satisfy a perceptual criterion specified by the experimenter (e.g., match a sample). Both techniques
are powerful. Adjustments are intrinsically subjective (because they depend on the observers’ under-
standing of the perceptual criterion), yet they can often provide good data quickly and are to be
preferred when applicable. But not all questions can be formulated as adjustment tasks. Besides being
more generally applicable, judgments are often easier to analyze, because the stimulus is under the
experimenter’s control and the task may be objectively defined. Observers typically like doing adjust-
ments and find judgments tedious, partly because judgment experiments usually take much longer.

An obvious advantage of adjustment experiments is that they measure physical stimulus parame-
ters, which may span an enormous dynamic range and typically have a straightforward physical inter-
pretation. Judgment tasks measure human performance (e.g., frequency of seeing) as a function of
experimental parameters (e.g., contrast). This is appropriate if the problem at hand concerns human
performance per se. For other purposes, however, raw measures of judgment performance typically
have a very limited useful range, and a scale that is hard to interpret. Having noted that adjustment
and judgment tasks may be thought of as inverses of one another, we hasten to add that in practice
they are often used in similar ways. Judgment experiments often vary a stimulus parameter on suc-
cessive trials in order to find the value that yields a criterion judgment. These “sequential estimation
methods” are discussed in Sec. 3.6. The functional inversion offered by sequential estimation allows
judgment experiments to measure a physical parameter as a function of experimental condition, like
adjustment tasks, while retaining the judgment task’s more rigorous control and interpretation.

Distinguishing between judgment and adjustment tasks emphasizes the kind of response that the
observer makes. It is also possible to subdivide tasks in a way that emphasizes the stimuli and the
question posed. In a detection task there may be any number of alternative stimuli, but one is a blank,
and the observer is asked only to distinguish between the blank and the other stimuli. Slightly more
general, a discrimination task may also have any number of alternative stimuli, but one of the stimuli,
which need not be blank, is designated as the reference, and the observer is asked only to distin-
guish between the reference and other stimuli. A decision that distinguishes among more than two
categories is usually called an identification or classification.’ All decision tasks allow for alternative
responses, but two alternatives is an important special case.!?

As normally used, the choice of term, detection or discrimination, says more about the exper-
imenter’s way of thinking than it does about the actual task faced by the observer. This is because
theoretical treatments of detection and discrimination usually allow for manipulation of the experi-
mental condition by introduction of an extraneous element, often called a “mask” or “pedestal,” that is
added to every stimulus. Thus, one is always free to consider a discrimination task as detection in the
presence of a mask. This shift in perspective can yield new insights (e.g., Refs. 11-15). Since there is no
fundamental difference between detection and discrimination,'® we have simplified the presentation
below by letting detection stand in for both. The reader may freely substitute “reference” for “blank”
(or suppose the presence of an extraneous mask) in order to consider the discrimination paradigm.

The idea of “threshold” plays a large role in psychophysics. Originally deterministic, threshold once
referred to the stimulus intensity above which the stimulus was always distinguishable from blank,
and below which it was indistinguishable from blank. In a discrimination task one might refer to a
“discrimination threshold” or a “just-noticeable difference.” Nowadays the idea is statistical; we know
that the observer’s probability of correct classification rises as a continuous function of stimulus
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FIGURE 1 Probability of correctly identifying a letter in
noise, as a function of letter contrast. The letters are bandpass fil-
tered. Gaussian noise was added independently to each pixel. Each
symbol represents the proportion correct in 30 trials. The solid
curve through the points is a maximum likelihood fit of a Weibull
function. The other curve represents a similar maximum likeli-
hood fit to the performance of a computer program that imple-
ments the ideal letter classifier.*’ Efficiency, the squared ratio of
threshold contrasts, is 9 percent. (Courtesy of Joshua A. Solomon.)

intensity (see Fig. 1). Threshold is defined as the stimulus intensity (e.g., contrast) corresponding
to an arbitrary level of performance (e.g., 82 percent correct). However, the old intuition, now called a
“high threshold,” still retains a strong hold on everyone’s thinking for the good reason that the transi-
tion from invisible to visible, though continuous, is quite abrupt, less than a factor of two in contrast.

Most psychophysical research has concentrated on measuring thresholds. This has been moti-
vated by a desire to isolate low-level sensory mechanisms by using operationally defined tasks that are
intended to minimize the roles of perception and cognition. This program is generally regarded as
successful—visual detection is well understood (e.g., Ref. 17)—but leaves most of our visual experi-
ence and ability unexplained. This has stimulated a great deal of experimentation with suprathreshold
stimuli and nondetection tasks in recent years.

3.3 VISUAL STIMULI

Before presenting the tasks, which are general to all sense modalities (not just vision), it may be help-
ful to briefly review the most commonly used visual stimuli. Until the 1960s most vision research used
a spot as the visual stimulus (e.g., Ref. 18). Then cathode ray tube displays made it easy to generate
more complex stimuli, especially sinusoidal gratings, which provided the first evidence for multiple
“spatial frequency channels” in vision.!® Sinusoidal grating patches have two virtues. A sinusoid at the
display always produces a sinusoidal image on the retina.” And most visual mechanisms are selective
in space and in spatial frequency, so it is useful to have a stimulus that is restricted in both domains.

*This is strictly true only within an isoplanatic patch, i.e., a retinal area over which the eye’s optical point spread function is
unchanged.
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Snellen,” in describing his classic eye chart, noted the virtue of letters as visual stimuli—they offer
a large number of stimulus alternatives that are readily identifiable.?"*> Other commonly used stimuli
include annuli, lines, arrays of such elements, and actual photographs of faces, nature, and mili-
tary vehicles. There are several useful texts on image quality, emphasizing signal-to-noise ratio.”*
Finally, there has been some psychophysical investigation of practical tasks such as reading,” flying
an airplane,”® or shopping in a supermarket.?

The stimulus alternatives used in vision experiments are usually parametric variations along a sin-
gle dimension, most commonly contrast, but frequently size and position in the visual field. Contrast
is a dimensionless ratio: the amplitude of the luminance variation within the stimulus, normalized
by the background luminance. Michelson contrast (used for gratings) is the maximum minus the
minimum luminance divided by the maximum plus the minimum. Weber contrast (used for spots
and letters) is the maximum deviation from the uniform background divided by the background
luminance. RMS contrast is the root-mean-square deviation of the stimulus luminance from the
mean luminance, divided by the mean luminance.

3.4 ADJUSTMENTS

Threshold

Nulling

Matching

Adjustment tasks require that the experimenter specify a perceptual criterion to the observer, who
adjusts the stimulus to satisfy the criterion. Doubts about the observer’s interpretation of the crite-
rion may confound interpretation of the results. The adjustment technique is only as useful as the
criterion is clear.

Figure 2 shows contrast sensitivity (the reciprocal of the threshold contrast) for a sinusoidal grating
as a function of spatial and temporal frequency.*® These thresholds were measured by what is prob-
ably the most common form of the adjustment task, which asks the observer to adjust the stimulus
contrast up and down to the point where it is “just barely detectable.” While some important studies
have collected their data in this way, one should bear in mind that this is a vaguely specified criterion.
What should the observer understand by “barely” detectable? Seen half the time? In order to adjust
to threshold, the observer must form a subjective interpretation and apply it to the changing percept.
It is well known that observers can be induced (e.g., by coaching) to raise or lower their criterion,
and when comparing among different observers it is important to bear in mind that social and per-
sonality factors may lead to systematically different interpretations of the same vague instructions.
Nevertheless, these subjective effects are relatively small (about a factor of two in contrast) and many
questions can usefully be addressed, in at least a preliminary way, by quick method-of-adjustment
threshold settings. Alternatively, one might ignore the mean of the settings and instead use the stan-
dard deviation to estimate the observer’s discrimination threshold.?!

Of all the many kinds of adjustments, nulling is the most powerful. Typically, there is a simple basic
stimulus that is distorted by some experimental manipulation, and the observer is given control over
the stimulus and asked to adjust it so as to cancel the distortion (e.g., Ref. 32). The absence of a spe-
cific kind of distortion is usually unambiguous and easy for the observer to understand, and the
observer’s null setting is typically very reliable.

Two stimuli are presented, and the observer is asked to adjust one to match the other. Sometimes the
experiment can be designed so that the observer can achieve a perfect match in which the stimuli
are utterly indistinguishable, which Brindley*? calls a “Class A” match. Usually, however, the stimuli
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FIGURE 2 Spatial contrast sensitivity (reciprocal of threshold
contrast) functions for sinusoidal gratings temporally modulated
(flickered) at several temporal frequencies. The points are the means of
four method-of-adjustment measurements and the curves (one with a
dashed low-frequency section) differ only in their positions along the
contrast-sensitivity scale. (From Robson.*)

are obviously different and the observer is asked to match only a particular aspect of the stimuli,
which is called a “Class B” match. For example, the observer might be shown two grating patches, one
fine and one coarse, and asked to adjust the contrast of one to match the contrast of the other.>* Or
the observer might see two uniform patches of different colors and be asked to match their bright-
nesses.’> Observers (and reviewers for publication) are usually comfortable with matching tasks, but,
as Brindley points out, it is amazing that observers can seemingly abstract and compare a particular
parameter of the multidimensional stimuli in order to make a Class B match. Matching tasks are
extremely useful, but conclusions based on Class B matches may be less secure than those based on
Class A matches because our understanding of how the observer does the task is less certain.

Magnitude Production

The observer is asked to adjust a stimulus to match a numerically specified perceptual criterion, e.g.,
“as bright as a 60-watt light bulb.” The number may have a scale (watts in this case) or be a pure
number.? The use of pure numbers, without any scale, to specify a perceptual criterion is obviously
formally ambiguous, but in practice many experimenters report that observers seem comfortable
with such instructions and produce stable results that are even reasonably consistent among differ-
ent observers. Magnitude production, however, is rarely used in visual psychophysics research.
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3.5 JUDGMENTS

Judgment tasks ask the observer to classify the stimulus or percept. They differ primarily in the
number of alternative stimuli that may be presented on a given trial and the number of alternative
responses that the observer is allowed.

The Ildeal Observer

Yes-No

When the observer is asked to classify the stimulus (not the percept) it may be useful to consider
the mathematically defined ideal classifier that would yield the most accurate performance using
only the information (the stimuli and their probabilities) available to the observer.****> Obviously
this would be an empty exercise unless there is some known factor that makes the stimuli hard to
distinguish. Usually this will be visual noise: random variations in the stimulus, random statistics of
photon absorptions in the observer’s eyes, or random variations in neural processes in the observer’s
visual system. If the stimuli plus noise can be defined statistically at some site—at the display, as an
image at the observer’s retinae, as a pattern of photon absorptions, or as a spatiotemporal pattern of neu-
ral activity—then one can solve the problem mathematically and compute the highest attainable level
of performance. This ideal often provides a useful point of comparison in thinking about the actual
human observer’s results. A popular way of expressing such a comparison is to compute the human
observer’s efficiency, which will be a number between 0 and 1. For example, in Fig. 1 at threshold
the observer’s efficiency for letter identification is 9 percent. As a general rule, the exercise of work-
ing out the ideal and computing the human observer’s efficiency is usually instructive but, obvi-
ously, low human efficiencies should be interpreted as a negative result, suggesting that the ideal is
not particularly relevant to understanding how the human observer does the task.

The best-known judgment task is yes-no. It is usually used for detection, although it is occasionally
used for discrimination. The observer is either asked to classify the stimulus, “Was a nonblank stimu-
lus present?” or classify the percept, “Did you see it?” The observer is allowed only two response alter-
natives: yes or no. There may be any number of alternative stimuli. If the results are to be compared
with those of an ideal observer, then the kind of stimulus, blank or nonblank, must be unpredictable.

As with the method-of-adjustment thresholds discussed above, the question posed in a yes-no
experiment is fundamentally ambiguous. Where is the dividing line between yes and no on the con-
tinuum of internal states between the typical percepts generated by the blank and nonblank stimuli?
Theoretical considerations and available evidence suggest that observers act as if they reduced the
percept to a “decision variable,” a pure magnitude—a number if you like—and compared that mag-
nitude with an internal criterion that is under their conscious control.*** Normally we are not inter-
ested in the criterion, yet it is troublesome to remove its influence on the results, especially since the
criterion may vary between experimental conditions and observers. For this reason, most investiga-
tors no longer use yes-no tasks.

As discussed next, this pesky problem of the observer’s subjective criterion can be dealt with
explicitly, by using “rating scale” tasks, or banished, by using unbiased “two-alternative forced choice”
(2afc) tasks. Rating scale is much more work, and unless the ratings themselves are of interest, the end
result of using either rating scale or 2afc is essentially the same.

Rating Scale

In a rating scale task the observer is asked to rate the likelihood that a nonblank stimulus was pre-
sented. There must be blank and nonblank stimulus alternatives, and there may be any number of
alternative ratings—five is popular—but even a continuous scale may be allowed.* The endpoints of
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the rating scale are “The stimulus was definitely blank” and “The stimulus was definitely nonblank,”
with intermediate degrees of confidence in between. The results are graphed as a receiver operating
characteristic, or ROC, that plots one conditional probability against another. The observer’s rat-
ings are transformed into yes-no judgments by comparing them with an external criterion. Ratings
above the criterion become “yes” and those below the criterion become “no.” This transformation
is repeated for all possible values of the external criterion. Finally, the experimenter plots—for each
value of the criterion—the probability of a yes when a nonblank stimulus was present (a “hit”)
against the probability of a yes when a blank stimulus was present (a “false alarm”). In medical con-
texts the hit rate is called “sensitivity” and one minus the false alarm rate is called “specificity.” Figure 3
shows an ROC curve for a medical diagnosis;*® radiologists examined mammograms and rated the
likelihood that a lesion was benign or malignant.

In real-life applications the main value of ROC curves is that they can be used to optimize yes-no
decisions based on ratings, e.g., whether to refer a patient for further diagnosis or treatment. However,
this requires knowledge of the prior stimulus probabilities (e.g., in Fig. 3, the incidence of disease in
the patient population), the benefit of a hit, and the cost of a false alarm.®” These conditions are rarely
met. One usually can estimate prior probability and assess the cost of the wasted effort caused by the
false alarms, but it is hard to assign a commensurate value to the hits, which may save lives through
timely treatment.

The shape of the ROC curve has received a great deal of attention in the theoretical detection
literature, and there are various mathematical models of the observer’s detection process that can
account for the shape.**~*® However, unless the actual situation demands rating-based decisions, the
ROC shape has little or no practical significance, and the general practice is to summarize the ROC
curve by the area under the curve. The area is 0.5 when the observers’ ratings are independent of the
stimuli (i.e., useless guessing). The area can be at most l1—when the observer makes no mistakes. The
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FIGURE 3 Example of an empirical ROC. Six radi-
ologists attempted to distinguish between malignant and
benign lesions in a set of 118 mammograms, 58 malignant
and 60 benign, first when the mammograms were viewed in
the usual manner (“standard”), and then—“enhanced”—
when they were viewed with two aids, including a checklist
of diagnostic features. The ratings were “very likely malig-
nant,” “probably malignant,” “possibly malignant,” “prob-
ably benign,” and “very likely benign.” The areas under the
curves are 0.81 and 0.87. (From Swets.**)
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area can descend below 0.5 when the observer reverses the categories of blank and nonblank. We’ll
see in a moment that a result equivalent to ROC area can usually be obtained with much less effort by
doing a two-alternative forced choice experiment instead.

Two-Alternative Forced Choice

This task is traditionally characterized by two separate stimulus presentations, one blank and one
nonblank, in random order. The two stimuli may be presented successively or side by side. The
observer is asked whether the nonblank stimulus was first or second (or on the left or right). We noted
above that in yes-no tasks observers seem to reduce the stimulus to a decision variable, the mag-
nitude upon which they base their decisions. The 2afc task is said to be “unbiased” because the
observer presumably chooses the presentation that generated the higher magnitude, without refer-
ring to any subjective internal criterion. At the beginning of this section we said that all judgment
tasks consist of the presentation of a stimulus followed by a judgment. In this view, we might consider
the two presentations in the 2afc task to be a single stimulus. The two possible composite stimuli to
be discriminated are reflections of one another, either in space or time. The symmetry of the two
alternatives suggests that the observer’s choice between them may be unbiased.

Other related tasks are often called “two-alternative forced choice” and are similarly claimed to be
unbiased. There is some confusion in the literature over which tasks should be called “2afc.” In our
view, the “2afc” label is of little consequence. What matters is whether the task is unbiased, i.e., are
the alternative stimuli symmetric for the observer? Thus a yes-no discrimination of blank and non-
blank stimuli may be biased even though there are two response alternatives and the choice is forced,
whereas it may be reasonable to say that the judgment of the orientation of a grating that is either
horizontal or vertical is unbiased even though there is only a single presentation. We suggest that
authors wishing to claim that their task is unbiased say so explicitly and state why. This claim might
be based on a priori considerations of the symmetry between the stimuli to be discriminated, or on a
post hoc analysis of relative frequencies of the observer’s responses.

In theory, if we accept the assumptions that each stimulus presentation produces in the observer
a unidimensional magnitude (one number, the decision variable), that the observer’s ratings and 2afc
decisions are based, in the proper way, on this magnitude, and that these magnitudes are stochastically
independent between presentations, then the probability of a correct response on a 2afc trial must
equal the area under the ROC curve.*” Nachmias** compared 2afc proportion correct and ROC area
empirically, finding that ROC area is slightly smaller, which might be explained by stimulus-induced
variations in the observer’s rating criteria.

MAGNITUDE ESTIMATION

In the inverse of magnitude production, a stimulus is presented and the observer is asked to rate
it numerically.? Some practitioners provide a reference (e.g., a stimulus that rates 100), and some
don’t, allowing observers to use their own scale. Magnitude estimation and rating scale are funda-
mentally the same. Magnitude estimation experiments typically test many different stimulus intensi-
ties a few times to plot mean magnitude versus intensity, and rating-scale experiments typically test
few intensities many times to plot an ROC curve at each intensity.

Response Time

In practical situations the time taken by the observer to produce a judgment usually matters, and it
will be worthwhile recording it during the course of the experiment. Some psychophysical research
has emphasized response time as a primary measure of performance in an effort to reveal mental
processes.*
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3.6 STIMULUS SEQUENCING

So far we have discussed a single trial yielding a single response from the observer. Most judgments
are stochastic, so judgment experiments usually require many trials. An uninterrupted sequence of
trials is called a run (or a block). There are two useful methods of sequencing trials within a run.

Method of Constant Stimuli

Experimenters have to worry about small, hard-to-measure variations in the observer’s sensitiv-
ity that might contaminate comparisons of data collected at different times. It is therefore desir-
able to run the trials for the various conditions as nearly simultaneously as possible. One technique
is to interleave trials for the various conditions. This is the classic “method of constant stimuli.”
Unpredictability of the experimental condition and equal numbers of trials for each condition are
typically both desirable. These are achieved by using a randomly shuffled list of all desired trials to
determine the sequence.

Sequential Estimation Methods

One can use the method of constant stimuli to measure performance as a function of a signal
parameter—Ilet us arbitrarily call it intensity—and determine, by interpolation, the threshold inten-
sity that corresponds to a criterion level of performance.” This approach requires hundreds of tri-
als to produce a precise threshold estimate. Various methods have been devised that obtain precise
threshold estimates in fewer trials, by using the observer’s previous responses to choose the stimulus
intensity for the current trial. The first methods were simple enough for the experimenter to imple-
ment manually, but as computers appeared and then became faster, the algorithms have become
more and more sophisticated. Even so, the requisite computer programs are very short.

In general, there are three stages to threshold estimation. First, all methods, implicitly or explicitly,
require that the experimenter provide a confidence interval around a guess as to where threshold may
lie. (This bounds the search. Lacking prior knowledge, we would have an infinite range of possible
intensities. Without a guess, where would we place the first trial? Without a confidence interval, where
would we place the second trial?) Second, one must select a test intensity for each trial based on the
experimenter’s guess and the responses to previous trials. Third, one must use the collected responses
to estimate threshold. At the moment, the best algorithm is called ZEST,>® which is an improvement
over the popular QUEST.”! The principal virtues of QUEST are that it formalizes the three distinct
stages, and implements the first two stages efficiently. The principal improvement in ZEST is an opti-
mally efficient third stage.

3.7 CONCLUSION

This chapter has reviewed the practical considerations that should guide the choice of psychophysi-
cal methods to quickly and definitely answer practical questions related to perception and perfor-
mance. Theoretical issues, such as the nature of the observer’s internal decision process, have been
de-emphasized. The question of how well we see is answerable only after we reduce the question
to measurable performance of a specific task. The task will be either an adjustment—for a quick
answer when the perceptual criterion is unambiguous—or a judgment—typically to find threshold
by sequential estimation.

*The best way to interpolate frequency-of-seeing data is to make a maximum likelihood fit by an S-shaped function.”
Almost any S-shaped function will do, provided it has adjustable position and slope.*
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The success of psychophysical measurements often depends on subtle details: the seemingly inci-

dental properties of the visual display, whether the observers receive feedback about their responses,
and the range of stimulus values encountered during a run. Decisions about these matters have to be
taken on a case-by-case basis.

3.8 TIPS FROM THE PROS

We asked a number of colleagues for their favorite tips.

3.9 ACKN

Experiments often measure something quite different from what the experimenter intended. Talk
to the observers. Be an observer yourself.

Viewing distance is an often-neglected but powerful parameter, trivially easy to manipulate over a
100:1 range. Don’t be limited by the length of your keyboard cable.

Printed vision charts are readily available, offering objective measurement of visiblity, e.g., to
characterize the performance of a night-vision system.2-215453

When generating images on a cathode ray tube, avoid generating very high video frequencies (e.g.,
alternating black and white pixels along a horizontal raster line) and very low video frequencies
(hundreds of raster lines per cycle) since they are typically at the edges of the video amplifier’s
passband.®®

Liquid crystal displays (LCD) have largely replaced cathode ray tube (CRT) displays in the market
place. LCDs are fine for static images, but have complicated temporal properties that are hard to
characterize. Thus, CRTs are still preferable for presentation of dynamic images, as they allow you
to know exactly what you are getting.*’

Consider the possibility of aftereffects, whereby past stimuli (e.g., at high contrast or different
luminance) might affect the visibility of the current stimulus.>®*!

Drift of sensitivity typically is greatest at the beginning of a run. Do a few warm-up trials at the
beginning of each run. Give the observer a break between runs.

Allow the observer to see the stimulus once in a while. Sequential estimation methods tend to
make all trials just barely detectable, and the observer may forget what to look for. Consider
throwing in a few high-contrast trials, or defining threshold at a high level of performance.

Calibrate your display before doing the experiment, rather than afterward when it may be too late.
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