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ARE UNSHIFTED DISTRIBUTIONAL MODELS APPROPRIATE FOR RESPONSE TIME?

Jeffrey N. Rouder

university of missouri-columbia

Van Breukelen (this issue) provides an approach to using both response time (RT) and accu-
racy for (1) measuring latent abilities of participants even when they may trade speed for accuracy,
and for (2) providing insight into the psychological processes underlying task performance. In
this commentary, I focus on the second of these aims and assess how useful this approach is
for exploring cognition. The approach is based on formulating statistical rather than substantive
models on accuracy and RT. I focus here on the appropriateness of the RT component model. This
RT model joins a family of recent statistical approaches to RT including those of Glickman, Gray,
and Morales (in press); Peruggia, Van Zandt, and Chen (2002); Rouder, Lu, Speckman, Sun, and
Jiang (in press); Schnipke and Scrams (1997); and Wenger and Gibson (2004). The advantage of
these statistical rather than substantive models is robust estimation and sound inference when data
are collected across disparate individuals and items. It is not hard to see how these statistical devel-
opments will lead to better substantive theory testing and development in cognitive psychology.

Van Breukelen’s model for the ith participant’s RT to the j th item is given by:

log(RTij ) ∼ Normal(X′
ij�j , σ

2), (1)

where �j is an unknown parameter vector and Xij is a known covariate vector. Because the model
is linear on log(RT ), conventional mixed model techniques may be used to estimate the unknown
parameters. Of particular value is that participant effects, item effects, and their interactions may
be assessed within the framework.

My colleagues and I advocate that researchers consider attributes of shift, scale, and shape1

when analyzing RT (Rouder, Sun, Speckman, Lu, and Dzhou, 2003; Rouder et al., in press).
Examples of these attributes are given in Figure 1. We argue changes in distributional attributes
may imply certain cognitive loci for effects as follows: Changes in shape are paramount and may
indicate that the manipulation affects architecture or strategy. If shapes are consistent across a
manipulation, then changes in scale may index processing speed. Changes in shift correspond to
changes in more peripheral aspects of processing such as encoding stimuli or motor execution of
responses. Even if this mapping is incomplete or in error, the disentangling of the distributional
loci of effects leads to a natural method of testing cognitive theories. Van Breukelen’s lognormal
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1Concepts of shift, scale and shape can be given precise meaning. Let the density of a random variable exist every-
where and be expressed as f (t |�1, . . . , �n), where �1, . . . , �n are the parameters. Let z = (t − �1)/�2. We refer to
the density as being in location-scale form if there exists some function g such that

f (t |�1, . . . , �n) = �−1
2 g(z|�3, . . . , �n). (2)

If Equation 2 holds, then �1 is referred to as the location parameter and �2 as the scale parameter; parameters �3, ..., �n

are shape parameters. When the location parameter indicates the lower bound of support, it is termed the shift parameter.

c© 2005 The Psychometric Society
377

Used Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.GENERAL ----------------------------------------File Options:     Compatibility: PDF 1.2     Optimize For Fast Web View: Yes     Embed Thumbnails: Yes     Auto-Rotate Pages: No     Distill From Page: 1     Distill To Page: All Pages     Binding: Left     Resolution: [ 600 600 ] dpi     Paper Size: [ 595 842 ] PointCOMPRESSION ----------------------------------------Color Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitGrayscale Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitMonochrome Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 600 dpi     Downsampling For Images Above: 900 dpi     Compression: Yes     Compression Type: CCITT     CCITT Group: 4     Anti-Alias To Gray: No     Compress Text and Line Art: YesFONTS ----------------------------------------     Embed All Fonts: Yes     Subset Embedded Fonts: No     When Embedding Fails: Warn and ContinueEmbedding:     Always Embed: [ ]     Never Embed: [ ]COLOR ----------------------------------------Color Management Policies:     Color Conversion Strategy: Convert All Colors to sRGB     Intent: DefaultWorking Spaces:     Grayscale ICC Profile:      RGB ICC Profile: sRGB IEC61966-2.1     CMYK ICC Profile: U.S. Web Coated (SWOP) v2Device-Dependent Data:     Preserve Overprint Settings: Yes     Preserve Under Color Removal and Black Generation: Yes     Transfer Functions: Apply     Preserve Halftone Information: YesADVANCED ----------------------------------------Options:     Use Prologue.ps and Epilogue.ps: No     Allow PostScript File To Override Job Options: Yes     Preserve Level 2 copypage Semantics: Yes     Save Portable Job Ticket Inside PDF File: No     Illustrator Overprint Mode: Yes     Convert Gradients To Smooth Shades: No     ASCII Format: NoDocument Structuring Conventions (DSC):     Process DSC Comments: NoOTHERS ----------------------------------------     Distiller Core Version: 5000     Use ZIP Compression: Yes     Deactivate Optimization: No     Image Memory: 524288 Byte     Anti-Alias Color Images: No     Anti-Alias Grayscale Images: No     Convert Images (< 257 Colors) To Indexed Color Space: Yes     sRGB ICC Profile: sRGB IEC61966-2.1END OF REPORT ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<     /ColorSettingsFile ()     /AntiAliasMonoImages false     /CannotEmbedFontPolicy /Warning     /ParseDSCComments false     /DoThumbnails true     /CompressPages true     /CalRGBProfile (sRGB IEC61966-2.1)     /MaxSubsetPct 100     /EncodeColorImages true     /GrayImageFilter /DCTEncode     /Optimize true     /ParseDSCCommentsForDocInfo false     /EmitDSCWarnings false     /CalGrayProfile ()     /NeverEmbed [ ]     /GrayImageDownsampleThreshold 1.5     /UsePrologue false     /GrayImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /AutoFilterColorImages true     /sRGBProfile (sRGB IEC61966-2.1)     /ColorImageDepth -1     /PreserveOverprintSettings true     /AutoRotatePages /None     /UCRandBGInfo /Preserve     /EmbedAllFonts true     /CompatibilityLevel 1.2     /StartPage 1     /AntiAliasColorImages false     /CreateJobTicket false     /ConvertImagesToIndexed true     /ColorImageDownsampleType /Bicubic     /ColorImageDownsampleThreshold 1.5     /MonoImageDownsampleType /Bicubic     /DetectBlends false     /GrayImageDownsampleType /Bicubic     /PreserveEPSInfo false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /QFactor 0.76 /Blend 1 /HSamples [ 2 1 1 2 ] /ColorTransform 1 >>     /PreserveCopyPage true     /EncodeMonoImages true     /ColorConversionStrategy /sRGB     /PreserveOPIComments false     /AntiAliasGrayImages false     /GrayImageDepth -1     /ColorImageResolution 150     /EndPage -1     /AutoPositionEPSFiles false     /MonoImageDepth -1     /TransferFunctionInfo /Apply     /EncodeGrayImages true     /DownsampleGrayImages true     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDownsampleThreshold 1.5     /MonoImageDict << /K -1 >>     /Binding /Left     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /MonoImageResolution 600     /AutoFilterGrayImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /SubsetFonts false     /DefaultRenderingIntent /Default     /OPM 1     /MonoImageFilter /CCITTFaxEncode     /GrayImageResolution 150     /ColorImageFilter /DCTEncode     /PreserveHalftoneInfo true     /ColorImageDict << /QFactor 0.9 /Blend 1 /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] >>     /ASCII85EncodePages false     /LockDistillerParams false>> setdistillerparams<<     /PageSize [ 576.0 792.0 ]     /HWResolution [ 600 600 ]>> setpagedevice



378 psychometrika

Shape

0.0 0.2 0.4 0.6 0.8 1.0 1.2

0

1

2

3

4

5

Response Time (sec)

D
en

si
ty

Shift

0.0 0.2 0.4 0.6 0.8 1.0 1.2

0

1

2

3

4

5

Response Time (sec)

D
en

si
ty

Scale

0.0 0.2 0.4 0.6 0.8 1.0 1.2

0

1

2

3

4

5

Response Time (sec)

D
en

si
ty

Figure 1.
Lognormal densities that vary in shift, scale and shape, respectively.

model fits well within this shift-scale-shape taxonomy.2 The model is unshifted, or more precisely,
has a shift of value zero. There are scale and shape parameters. The effects of covariates, however,
are assumed to occur in scale alone. From the vantage of the shift-scale-shape taxonomy, the Van
Breukelen model is restrictive. It posits that all effects are on scale. Manipulations can neither
change the shape nor shift of a distribution.

How plausible are these restrictions? Consider the empirical evidence about the presence of
shifts in RT distributions. Figure 2 shows an analysis from a task in which participants reported the
location of a stimulus.3 The task was trivially easy; performance was nearly perfect and response
times were relatively rapid. Eighty observations from each of eighty participants were analyzed.
The top panel of Figure 2 shows histograms from two participants who have about the same shape
and scale. The difference is in the shift, which is about 0.2 s. This difference is sizeable given that
the vast majority of RTs are within 0.6 s of the shift. The bottom-left panel shows the results of
fitting an unshifted lognormal (two parameters per participant) vs. fitting one with shift4 (three
parameters per participant). The plot is the empirical cumulative distribution function of partic-
ipants’ log-likelihood test statistics5 (G2, Read and Cressie, 1988). If the unshifted model were
reasonable, this cumulative distribution function would approximate that of a chi-square with 1
degree of freedom (solid line). It does not. To gain insight into this relatively poor performance, I
plotted each individual’s G2 as a function of that individual’s estimated shift (bottom-right). The
horizontal line indicateds G2 = 3.84, the .05 criterion for the test. Twenty-three of the eighty
participants have G2 higher than criterion; twenty of these participants also have large positive
shifts. The poor fit, therefore, is being driven by statistically significant positive shifts.

2The two-parameter log-normal in (1) is given by θ1 = 0, θ2 = X′
ij�j , θ3 = σ 2 and g(z|θ3) =

(
z
√

2πθ3
)−1

exp(−((log z)2(2θ3)
−1)).

3I thank Michael Stadler for use of this data. Observations with RTs greater than 1.2 sec were discarded in the
analysis. See Rouder et al. (2003) for methodological details.

4Estimation was done by maximizing log-likelihood with the Simplex algorithm (Nelder and Mead, 1965) in the R
package.

5Strictly speaking, the three-parameter lognormal model is irregular as the bound of lower support is a free parameter.
The loglikelihood test may not be distributed asymptotically as a chi-square distribution with a single degree of freedom.
A small simulation study revealed that the chi-square distribution with 1 df is an excellent approximation of G2 for the
shapes and scales estimated from the data.
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Figure 2.
Analysis of shift. Top panels show histograms from two participants that vary noticeably in shift. Bottom-left panel shows a
test of the zero-shift model. Log-likelihood test statistic G2 is larger than the appropriate chi-square distribution implying
a rejection of the model. Bottom-right panel shows that the poor performance of the zero-shift model comes about from
a preponderance of participants with evidence for shifts greater than zero.

The models in the above analysis are more flexible thanVan Breukelen’s model—participants
were allowed their own shape rather than a single, common shape. As an alternative, I tested the
lack of shift for models with common shape. The unshifted, common shape model has a scale
parameter for each participant and a single shape parameter; the shifted, common shape model has
a scale and shift parameter for each participant and a single shape parameter. The resulting log-
likelihood test statistics is G2(80) = 377; which exceeds any reasonable significance criterion.
Hence, there is evidence for shifted distributions.

Although I have examined a single data set in detail, the finding of shifted distributions seems
to be ubiquitous in the literature. Minimum RT tend to be a sizable fraction of mean RT. For exam-
ple, minimum RT for auditory detection tends to be about 0.130 s, whereas the mean is about 0.180
s and the standard deviation is about 0.025 s (Luce, 1986). For more complex tasks, e.g., reading
words, minimum RT is typically half that of the mean. Many researchers have fit distributional
models similar to the shifted lognormal such as the shiftedWeibull and the shifted distribution from
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the first passage time of a diffusion process. In these cases, estimates of the shift range from 0.25
to 0.75 s (see, for example, Logan, 1992; Ratcliff and Rouder, 1998, 2000; Rouder et al., in press).

The cited evidence shows that shifts are nonzero and vary across participants. Overall, shifts
tend not to vary with experimental manipulation, but there are notable exceptions. Balota and
Spieler (1999), Hockley (1984), and Hohle (1965) document various manipulations that affect
only shift. Shifts may also vary systematically across population classes (e.g., Ratcliff, Thapar,
and McKoon, 2001). What happens if distributions are shifted and analyzed with an unshifted
lognormal? Estimates of scale artifactually increase, and shape (σ 2) artifactually decrease with
increasing shift. Such artifacts will certainly influence conclusions about processing.

The presence of shifts greatly complicates the RT lognormal model. Without a shift param-
eter, the lognormal model can be analyzed with extensions of conventional generalized linear
model techniques as documented by Van Breukelen. Unfortunately, these techniques are simply
not applicable to shifted models; the shifted lognormal is outside the class of generalized linear
models. Van Breukelen’s model is not the only one that assumes unshifted distributions. Peruggia
et al. (2002) use an unshifted Weibull. Wenger and Gibson’s (2004) proportional hazard model
implicitly assumes no variability in shifts across participants or conditions. Glickman et al.’s (in
press) competing risks model assumes a common shift across covariates. My colleagues and I
consider a priori shift restrictions to be tenuous. Consequently, our approach is to allow each item-
by-participant combination its own shift (Rouder et al., in press). We find estimation tractable
within a hierarchical Bayesian approach (Rouder et al., 2003).

I have not assessed whether the assumption of a common shape (σ 2) is warranted. The evi-
dence about how shape varies across manipulations or participants is not systematically explored
in the RT literature. Perhaps the biggest reason for this omission is that it takes thousands of inde-
pendent and identically distributed trials to estimate shape accurately. My colleagues and I have
not assumed constant shape in our Weibull model (Rouder et al., in press). It is unclear, however,
whether this flexibility is warranted and a constant shape assumption may be more appropriate
in many contexts. We are currently developing Bayes factors for shape parameters to assess this
possibility.

In sum, Van Breukelen’s general approach of linking statistical models of RT and accu-
racy will undoubtably be valuable and informative for future substantive development in cogni-
tion. I have provided a critique that the two-parameter lognormal is too restrictive to adequately
model response times. Instead, shifted versions need be developed, albeit such development is
not straightforward as the shifted three-parameter distributional models are outside the general-
ized linear model family. As shifted models are developed, it will be productive to link them to
psychometric models of accuracy.
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