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THE APPLICABILITY OF DEADLINE MODELS: COMMENT ON
GLICKMAN, GRAY, AND MORALES (2005)
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Glickman, Gray, and Morales (this issue) propose a statistical model for measuring the unobserved
latency of stimulus-controlled processes. The model accounts for both speed and accuracy and does so by
assuming that participants set an internal deadline. If a stimulus-controlled response is not produced by
the deadline, the participant then guesses. The applicability of the model is discussed in this Comment.
The deadline model yields specific predictions for the case in which stimulus difficulty is manipulated
in a within-block manner. In this case, it is reasonable to assume that stimulus difficulty does not affect
the deadline. It is shown that in common perceptual and cognitive domains, extant data do not fully
meet these predictions. Hence, practitioners need be aware of the possibility and consequences of model
misspecification.
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Models for response time (RT) in perception and cognition range from simple linear models
(such as those used in ANOVA) to complex and detailed nonlinear models of specific psycho-
logical processing. Examples of the latter include neural network models (e.g., Anderson, 1991)
and models based on nonlinear stochastic processes (e.g., Usher and McClelland, 2001). Whereas
linear models are often too simple to capture first-order psychological properties, complex non-
linear models have unknown statistical properties and are often intractable for detailed analysis.
The model of Glickman, Gray, and Morales (2005) is a rarity in this landscape: it has substantive
psychological content with well-developed statistical properties. The goal of this Comment is to
provide some context as to the applicability of the model in perception and cognition.

1. The Deadline Model Revisited

Glickman, et al.’s model is nearly identical to the deadline model (Ollman and Billington,
1972). In this model a stimulus-controlled process races a deadline. If the stimulus-controlled
process terminates before the deadline, then a correct response is produced. If the deadline occurs
before the stimulus-controlled process terminates, then a guessing response is produced. This
model was initially viewed as attractive because of its parsimony and because of its ability to
explain basic speed accuracy trade-off effects. To respond quickly, participants set earlier dead-
lines. The consequence is a loss of accuracy. To respond accurately, participants set a later deadline.
The consequence is slower response times.

More recently, Ruthruff (1996) concluded that deadline models do not hold in basic tasks.
His evidence is based on a selective influence test. He manipulated two factors in his experiments:
the difficulty of the stimulus (easy versus hard) and the instructions regarding speed versus accu-
racy stress (speed stress versus accuracy stress). The model posits that the speed versus accuracy
stress should affect the deadline exclusively. In particular, the deadline for speed stress should
stochastically dominate that for accuracy stress. This constraint can be expressed in terms of the
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cumulative distribution functions (CDFs). Let FRS
and FRA

be the CDFs of the deadline under
speed and accuracy stress, respectively,

FRS
(t) ≥ FRA

(t), ∀t. (1)

Ruthruff intermixed hard and easy stimuli randomly within a block of trials, such that the
participant did not know the degree of stimulus difficulty before stimulus onset. Under these
conditions, stimulus difficulty should affect the stimulus-controlled process exclusively. In par-
ticular, the stimulus-controlled latency for easy stimuli should stochastically dominate that for
hard stimuli. Let FTE

and FTH
be the CDFs of the stimulus-controlled process for easy and hard

stimuli, respectively,

FTE
(t) ≥ FTH

(t), ∀t. (2)

Under these conditions, Ruthruff derived the following prediction for CDFs which he terms
the deadline inequality,

FES ≥ FHS + FEA. (3)

The subscripts ES, HS, and EA refer to the conditions of easy stimuli with speed stress,
hard stimuli with speed stress, and easy stimuli with accuracy stress, respectively. A proof of the
inequality can be found in Ruthruff (1996, pp. 58–59). To gain insight into the inequality, consider
the quickest responses in the hard-stimuli/speed-stressed condition. These quick response times
reflect the quickest deadlines for speed stress. Likewise, the quickest responses in the easy-stim-
uli/accuracy-stressed condition reflect the quickest stimulus-controlled times for easy stimuli. The
quickest stimuli in the easy-stimuli/speed-stressed condition is the minimum of these two times,
which cannot be arbitrarily fast.

Given the reasonableness of the assumptions, the deadline inequality is a good benchmark
for the deadline model. Ruthruff tested the inequality in tasks in which participants assessed the
relative brightness of stimuli or whether strings of characters are valid words (lexical decision
task). Estimated CDFs for the easy stimuli with speed stress were too small; they were less than the
sum of the other two CDFs in the relevant conditions. These results are problematic for Glickman,
et al. deadline model.

2. Relationship Between Error and Correct Response Times

A second challenge for the deadline model comes from the relative speeds of error and correct
responses in perceptual tasks. The basic finding is that when tasks are difficult, error responses
are slower than correct responses, but when tasks are easy the reverse holds (Luce, 1986). This
generalization not only holds across various experiments, but holds within individuals as well.
When participants are presented a mixed block of easy and difficult stimuli, they often have
faster error responses than correct responses for the easy ones, but slower error responses than
correct responses for the more difficult ones. I term this the hard/slow-easy/fast error pattern.
Ratcliff and I found this pattern holds for brightness discrimination, color discrimination, and
same–different tasks (Ratcliff and Rouder, 1998). Figure 1 shows data from a typical participant
in Ratcliff and Rouder’s Experiment 1. Stimulus difficulty was collapsed into seven levels. For
each level two points are plotted, one for correct responses and one for error responses; these
two points are connected by a dotted line. The four easiest levels have accuracies above 90%
and response times below 800 ms. For these stimuli, the correct responses are slower than the
corresponding errors, i.e., the dotted line has positive slope. The three difficult conditions have
accuracies below 90% and response times above 800 ms. For these stimuli, correct responses are
faster than the corresponding errors, i.e., the dotted line has negative slope. Others have also found
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Figure 1.
Response time as a function of accuracy for Participant KR in Ratcliff and Rouder’s (1998) Experiment 1. Filled circles
denote correct responses; the x axis is the accuracy and the y axis is the response time. Open circles denote error responses;
the x axis is the inaccuracy and the y axis is the response time. Solid lines connect points from the same condition. In the
four conditions in which accuracy was above 90%, correct responses were slower than their corresponding errors (posi-
tively sloped lines). In the other three more difficult conditions, correct responses were quicker than their corresponding
errors (negatively sloped lines).

the hard/slow-easy/fast error pattern (Espinoza-Varas and Watson, 1994; Smith andVickers, 1988)
and, as a result, this pattern has become an informal benchmark for models of RT and accuracy
(Brown and Heathcote, 2005; Usher and McClelland, 2001).

Because stimulus difficulty is manipulated in a within-block manner, the deadline cannot
depend on stimulus difficulty. Further, it is reasonable to assume that the stimulus-controlled laten-
cies for easier conditions dominate those for more difficult conditions, i.e., equation (2) holds.
Glickman, et al. provide an example in which the deadline model does indeed provide for the
pattern (their Figure 1). Unfortunately, the deadline depends on stimulus difficulty in this figure;
hence the selective influence condition is not met.

To gather some insight into whether the deadline model can account for the hard/slow-
easy/fast pattern, I performed computer simulations of the model (see www.missouri.edu/˜pcl).
The deadline model can qualitatively account for the hard/slow-easy/fast pattern, but only for
tightly constrained parameter values. The shape of the deadline distribution must be highly sym-
metric or leftward skewed. In these cases, however, predicted RT distributions for hard stimuli
are also symmetric—far too symmetric to account for empirical RT distributions. For example,
predicted RT distributions had a skewness of 0.29 whereas empirical RT distributions for hard
stimuli in Ratcliff and Rouder’s (1998) data had skewnesses between 1.5 and 2.5.
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3. Conclusion

Glickman, et al.’s deadline model is a strong contribution. It provides a natural means of
modeling treatment group effects as well as accounting for nuisance covariates (e.g., heart rate),
even when participants may have individualized criteria for trading speed for accuracy. These
benefits should not be discounted. Cognitive and perceptual psychologists have not focused on
developing models with statistically desirable properties. Glickman, et al.’s development serves as
a model for what can be accomplished in a relatively simple framework. The above critiques serve
as a cautionary note rather than a rejection of the model—researchers intending to use this model
should be aware of the possibility of misspecifications and should explore the consequences on
inference. I have shown the strong probability of misspecification in relatively simple tasks such
as word and object identifications. It is an open question as to whether these misspecifications
exist in more complex domains (e.g., learning algebra).

My colleagues and I have been concerned with developing substantive models with tractable
statistical properties; our approach is based on Weibull models with hierarchical priors (Rouder,
Sun, Speckman, Lu, and Zhou, 2003; Rouder, Lu, Speckman, Sun, and Jiang, 2005). We offer
interpretations of Weibull shift, scale, and shape parameters in terms of psychological processes.
We also allow for a great degree of individual variation—each individual is accorded his or her
unique shift, scale, and shape parameters. By using hierarchical priors, efficient estimation through
Bayesian shrinkage is obtained. The advantage of Glickman, et al.’s current model is the ability
to account for error responses as well as factors that lead participants to trade speed for accu-
racy. The two approaches are complementary rather than oppositional: they each provide unique
advantages and disadvantages and either one may be more appropriate for certain questions in
certain domains.
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