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Researchers in a growing number of areas (including
cognitive development, aging, and neuropsychology) use
Brinley plots to compare the processing speed of different
groups. Ratcliff, Spieler, and McKoon (2000) argued that a
Brinley plot is a quantile–quantile (Q–Q) plot and that
therefore Brinley plot regression slopes measure standard
deviation ratios rather than relativespeed of processing.We
show that this argument is incorrect. Brinley plots, by def-
inition, are not Q–Q plots; the former are based on un-
ranked data and the latter are based on ranked data. Fur-
thermore, the relationship between standard deviation
ratios and slopes is a general property of regression lines
and has no implications for the use of Brinley plot regres-
sion slopes as processingspeed measures. We also show that
the relative speed interpretation of Brinley plot slopes is
strongly supported by converging evidence from a meta-
analysis of visual search, mental rotation, and memory
scanning in young and older adults. As to Ratcliff et al.’s
hypothesis that age differences in response time are attrib-
utable to greater cautiousness on the part of the elderly,
rather than true processing speed differences, this hypoth-
esis has been extensively tested in previous studies and
found wanting.

“Speed is God. And time is the devil.”
—David Hancock, computer executive, quoted in the New
York Times (Markoff, 1996, p. D1)

As the preceding quote suggests, speed is critical to the
performance of information processing systems, and this
is undoubtedly just as true for human processing systems
as it is for information processing machines. Thus, it may

not be surprising that novel techniques for assessing pro-
cessing speed, such as the Brinley plot (Brinley, 1965),
should attract considerable interest and even controversy
(e.g., Cerella, 1994;Faust, Balota, Spieler,& Ferraro, 1999;
Fisk & Fisher, 1994; Myerson, Wagstaff, & Hale, 1994;
Ratcliff, Spieler, & McKoon, 2000). The typical Brinley
plot compares the response times (RTs) of two groups,
each exposed to the same set of experimental conditions.
One group’s mean RTs for each condition are plotted as a
function of the other group’s mean RTs for the corre-
sponding conditions. Most commonly, Brinley plots are
used in meta-analyses, and this graphical technique is ac-
companied by analogous regression analyses (i.e., analy-
ses in which one group’s conditionmean RTs are regressed
on the correspondingRTs of another group). The resulting
regression slopes are assumed to measure the relative pro-
cessing speed of the two groups (Cerella, 1985, 1990;
Cerella & Hale, 1994).

Recently, however, this interpretationof Brinley plot re-
gression slopes has been challenged. Ratcliff and his col-
leagues stated that “Brinley plots are quantile–quantile
(Q–Q) plots” (Ratcliff et al., 2000,p. 1), and they concluded
that Brinley plot regression slopes measure relative vari-
ability, not speed. Their reasoning, however, is based on a
false premise. That is, Brinley plots are not Q–Q plots, as
we will demonstrate below. In addition, we will present
converging evidence from studies of visual search, mental
rotation, and memory scanning that Brinley plot regres-
sion slopes do measure relative processing speed.

The Brinley plot approach may be illustratedusing Brin-
ley’s (1965) original data (Figure 1). The Brinley study was
conducted to determine whether young and older adults
were differentially affected by shifting between cognitive
sets, or task switching, as it is termed today (e.g., Hartley
& Little, 1999; Kramer, Hahn, & Gopher, 1999). There
were nine shift conditions that required multiple-choice
decisions involving task switching either within or be-
tween trials, nine analogousnonshift conditions,and three
simple (checking and copying) nonshift conditions. Brin-
ley reported that when older adult condition means were
regressed on the corresponding young adult condition
means, the regression slope for shift tasks appeared to be
identical to the slope for nonshift tasks. Consistent with
this observation, our analysis of his data revealed no sig-
nificant differences between the slope and intercept para-
meters for the two types of tasks [both ts (17) , 1.0]. The
slope of the regression line fit to all of the data suggests
that, regardless of the type of task, the older adults took ap-
proximately 1.7 times as long as the young adults to
process the same information.1
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Although the use of Brinley plots was pioneered by re-
searchers studying cognitive aging (e.g., Cerella, 1985;
Cerella, Poon, & Williams, 1980; Hale, Myerson, &
Wagstaff, 1987), the approach is quitegeneral, as evidenced
by recent studies in the areas of cognitive development
(e.g., Fry & Hale, 1996; Hale, 1990; Kail, 1991, 1993),
neuropsychology (e.g., Ferraro, 1996; Kail, 1994, 1997;
Myerson, Lawrence, Hale, Jenkins, & Chen, 1998; Nebes
& Brady, 1992; White, Myerson, & Hale, 1997), and psy-
chopharmacology(e.g., Maylor& Rabbitt, 1993). Brinley
plots may also be applied to the performance of individu-
als who differ in ability (e.g., Faust et al., 1999; Hale &
Jansen, 1994; Zheng, Myerson, & Hale, 2000) as well as
to assess the condition of individual patients in whom
some brain disorder or damage is suspected (Schatz, Hale,
& Myerson, 1998). Finally, applicationof the Brinley plot
approach is not restricted to RT measures. For example,
analogous graphs have been used to compare young and
olderadults’memory performance (e.g.,Stine& Wingfield,
1988; Verhaeghen & Marcoen, 1993). Thus, despite its
origins in a highly specialized area of psychological in-
quiry (i.e., the study of age-related slowing), the Brinley
plot approach has a wide variety of potential applications
in both basic research and clinical practice.

Critics of the Brinley plot approach often claim that
such plots obscure specific deficits (e.g., Bashore &
Smulders, 1995; Fisk & Fisher, 1994; Perfect, 1994; Rat-
cliff et al., 2000). In response, proponentshave argued that
because any specific deficits occur against a background

of general slowing, detecting them requires the use of
Brinleyplotsand related regression techniques(e.g.,Cerella,
1991, 1994; Faust et al., 1999; Myerson et al., 1994; Ver-
haeghen & De Meersman, 1998a, 1998b). For example,
regression analyses reveal that older adults’ Stroop effects
are much larger than those of youngadults, but they are no
larger than predicted by general slowing (Verhaeghen &
De Meersman, 1998b),whereas age differences in negative
priming effects do not simply reflect general slowing
(Verhaeghen & De Meersman, 1998a). Brinley plot analy-
ses have also revealed several differences between task
types (e.g., Goodglass, Wingfield, & Ward, 1997; Mayr &
Kliegl, 1993), perhaps the most notable being the differ-
ence between verbal and visuospatial tasks (e.g., Hale &
Myerson, 1996; Lima, Hale, & Myerson, 1991).

When interpreting Brinley plots, researchers generally
assume that the relative processing speed of two groups
can be inferred from the slope of the regression of the RTs
of one group on the RTs of the other group (Cerella, 1985;
Cerella & Hale, 1994). This assumption has never been
systematically tested, however, and (as noted above), has
recently been challenged by Ratcliff et al. (2000). In the
present paper, we will present meta-analytic evidence in
support of this fundamental assumption. Before doing so,
however, we will address Ratcliff et al.’s argument regard-
ing Brinley plots, Q–Q plots, and the interpretation of re-
gression slopes and intercepts.

Are Brinley Plots Really Q–Q Plots?
We begin by considering the following excerpt from

Ratcliff et al. (2000): “The important point, that the slope
of a Brinley plot is the ratio of standard deviationsof older
and young response times, is a fundamental reinterpreta-
tion of the Brinley plot. It means that the slope of the Brin-
ley plot shows nothingabout slowing of older subjects rel-
ative to young subjects.… it is the intercept … that shows
the slowing” (Ratcliff et al., 2000, p. 3). This strong state-
ment by Ratcliff and his colleagues raises several ques-
tions:

1. Is there a difference between Brinley plots and Q–Q
plots?
2. Does the slope of a Brinley plot regression line equal the
ratio of the standard deviations of older and young adult
condition means?
3. Does the relationbetween standarddeviationsand slopes
have anything to do with whether Brinley plots are Q–Q
plots?
4. Is the intercept of a Brinley plot regression line really a
measure of relative speed?

The answers to these four questions, which will be pro-
vided in the present section, will set the stage for the sub-
sequent section, in which we will address the final and
most important question:

5. Does the slopeof a Brinleyplot regressionlinemeasure the
relative speed with which two groups process information?

It may be noted that the preceding questionspresuppose a
distinction between RTs and processing speed measures

Figure 1. Mean response time (RT) of the older adult group as
a function of the mean RT of the young adult group in the corre-
sponding experimental condition. The solid line is fit to the data
from the 9 shift conditions (open circles) and the dashed line is fit
to the data from the 12 nonshift conditions. If the condition mean
RTs for the old and young groups were equal, the points would
fall along the diagonal. Data are taken from Brinley (1965).
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derived from RTs. In recognizing this distinction, we are
in agreement with Ratcliff et al. (2000). Our points of dis-
agreement, however, begin with the distinction between
Brinley plots and Q–Q plots.

Q–Q plots and Brinley plots of hypothetical data.
In their recent article, Ratcliff et al. (2000) stated that a
Brinley plot may be constructed in either of two quite dif-
ferent ways.

A Brinley plot is constructedeither by computing the mean
response times for older subjects and young subjects sepa-
rately for each conditionof an experimentand then plotting
the means against each other or by plotting the mean re-
sponse times for individualsubjectsagainsteach other,with
the fastestolder subject’s mean responsetime plottedagainst
the fastest young subject’s response time, and so on. (p.1)

The first of these two methods, which compares group
means from correspondingconditions, is the standard way
of constructinga Brinley plot. The second method, in con-
trast, has been used only twice in cognitiveaging research
(Maylor & Rabbitt, 1994; Sliwinski, Buschke,Kuslansky,
Senior, & Scarisbrick, 1994). Only one of these pioneer-
ing studies (Maylor & Rabbitt, 1994) referred to the plots
constructedusing the second method as Brinley plots, and
this study carefully used the term Brinley plots of distrib-
utions to distinguish the plots of rank-ordered individual
means, which are properly termed Q–Q plots, from standard
Brinley plots based on corresponding condition means.

As we consider the assertion that Brinley plots are Q–Q
plots (Ratcliff et al., 2000), it will become clear why it is
vital to distinguish between naturally occurring data pairs
(such as corresponding condition means) and data pairs
constructedby rank ordering. In order to maintain this dis-
tinction, we shall reserve the term Brinley plot for plots
depicting data pairs that come from correspondingexper-
imental conditions and use the term Q–Q plots for plots
depicting data pairs that are constructed by rank-ordering
the original values. Because these two kinds of plots (i.e.,
Brinley and Q–Q plots) preserve and discard different as-
pects of the information present in the raw data, they ad-
dress different issues and bear no necessary relation to
each other, althougha theoreticalbridge between them has
been proposed (Zheng et al., 2000).

Q–Q plots represent an informal, exploratory technique
whose purpose is to facilitate the process of comparing
distributions (Chambers, Cleveland, Kleiner, & Tukey,
1983; Lovie & Lovie, 1991). Current uses of Q–Q plots
may be traced to a seminal paper on graphical techniques
by Wilk and Gnanadesikan (1968) in which they de-
scribed plotting methods based on the cumulative distrib-
ution function, the mathematical function that provides
the basis for computing quantiles (e.g., quartiles and per-
centiles). Wilk and Gnanadesikan showed that a plot of
the quantiles of one distribution as a function of the cor-
responding quantiles of another distribution can be used
not only to compare the shape of an empirical distribution
with that of a theoretical distribution (e.g., the Gaussian or
normal distribution), but also to compare the shapes of
two empirical distributions.

Consider the following highly simplified, hypothetical
example. Imagine that two groups of pilot subjects per-
form a single experimental task, and the first four mem-
bers of one group (Group X) have mean RTs of 550, 800,
650, and 400 msec, whereas the first four members of the
other group (Group Y) have mean RTs of 600, 1,100,
1,400, and 900 msec. In order to use a Q–Q plot to com-
pare the two distributions of RTs obtained so far, one
would place the RTs for each group in rank order (i.e.,
400, 550, 650, and 800 for Group X, and 600, 900, 1,100,
and 1,400 for Group Y), and then plot the ranked RTs for
Group Y as function of the correspondingly ranked RTs
for Group X (i.e., one would plot the X-Y pairs 400 and
600, 550 and 900, 650 and 1,100, 800 and 1,400).

Note that when both distributions contain equal num-
bers of observations, as in the present example, a Q–Q
plot may depict the rank-ordered observations themselves.
When the numbers of observations are unequal, however,
it is necessary to calculate the correspondingquantiles for
each distribution in order to construct a Q–Q plot, al-
though one also has this option when the numbers are
equal. Thus, the hypothetical data presented here could
also represent the 20th, 40th, 60th, and 80th percentiles of
two larger groups.

A Q–Q plot of our hypotheticaldata would reveal a pre-
cisely linear relation with a slope of 2.0, the ratio of the
standard deviations for the two groups in the pilot study
(i.e., 336, the standard deviation for Group Y, divided by
168, the standard deviation for Group X). The ratio of the
standard deviations indicates that the diversity of RTs is
greater for Group Y, and the linearity of the relation indi-
cates that the two groups have distributions of the same
shape. Given the small number of observationsin the pres-
ent example, as well as its hypotheticalnature, such a con-
clusion is not very meaningful. In more typical cases in-
volving larger numbers of individuals in each group,
however, similarities or differences in distribution shape
could have important theoretical implications in addition
to their obvious implications for statistical analysis.

Now consider a second example. Two groups perform
four different task conditions, and the four pairs of condi-
tion means are 400 and 600, 650 and 1,100, 550 and 900,
and 800 and 1,400 for Group X and Group Y, respectively.
Note that because these numbers are the same as those
used in the preceding Q–Q plot example, a Brinley plot of
this data will be identical to the previous Q–Q plot. More-
over, the slope of the linear relation between the RTs for
the two groups will be identical to the previous slope and
equal to the ratio of the standard deviations of their con-
ditions means (2.0 5 336/168).

However, the relative diversity of the distributions of
conditionmeans for two groups is rarely of interest. More
typically, it is the relationshipbetween the conditionmeans
for two groups that has theoretical significance, and as
Chambers et al. (1983) have suggested, scatter plots (such
as the Brinley plot) of naturally occurring (unranked)data
pairs may well be the single most powerful statistical tool
for analyzing the relationship between two variables. Be-
cause such a plot depicts a functional relationship (albeit
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one subject to sampling and measurement error), the slope
of the regression line is usually given the standard mathe-
matical interpretation. That is, the slope is interpreted as
the ratio of the change in y to the change in x. In the hy-
pothetical example just considered,within the range of the
data presented, the change in Group Y’s RTs is always
twice the change in Group X’s RTs. For example,Group Y’s
RTs for the first two conditions differ by 500 msec,
whereas Group X’s RTs for the same two conditions dif-
fer by 250 msec. This implies that Group Y is twice as
sensitive to condition effects as Group X, and in real data
this finding would call out for theoretical explanation.

Q–Q plots and Brinley plots of real data. In our hy-
pothetical example, the slopes of the Q–Q and Brinley
plots were the same because the numbers (i.e., the x–y
pairs) were themselves identical,but do a Q–Q and a Brin-
ley plot of the same data from a real experiment have iden-
tical slopes? Consider the two graphs shown in Figure 2.
Both graphs depict the condition mean RTs of young and
older adult groups on eight tasks—four verbal and four vi-
suospatial (Experiment 1, Jenkins, Myerson, Joerding, &
Hale, 2000).

Despite the fact that both graphs depict the same data,
the Q–Q plot (left panel) presents quite a different picture
from the Brinley plot (right panel). The Brinley plot re-
veals domain-specific slowing (Hale & Myerson, 1996;
Lima et al., 1991). That is, the older adult group was much
slower on the visuospatial tasks (open symbols) than on
the verbal tasks (filled symbols), whereas the young adult

group had similar mean RTs on the visuospatial and ver-
bal tasks. For example, on visuospatial and verbal tasks
for which the young RT was approximately 0.75 sec, the
older adult visuospatial RT was approximately 1.25 sec
and their verbal RT was approximately1.0 sec. Moreover,
the domain difference increased with task difficulty (as
indexed by the young adults’ RTs), so that on visuospatial
and verbal tasks for which the young RT was approxi-
mately 1.0 sec, the older adult visuospatial RT was more
than 2.0 sec but their verbal RT was less than 1.5 sec.

The Q–Q plot, on the other hand, conceals the domain-
specific natureof age-related slowing.This is because rank-
ing the condition mean RTs for each group separately re-
sulted, in many cases, in older adults’ verbal RTs being
plottedas a functionof youngadults’ visuospatialRTs (up-
right triangles)andolderadults’visuospatialRTs beingplot-
ted as a functionof young adults’ verbal RTs (inverted tri-
angles). The Q–Q plot is orderly, although nonlinear, but
that order was created by the ranking process, and is in
that sense artificial. In fact, less than one-fifth of the young
adult condition mean RTs were paired with older adult
mean RTs from the same condition.

The results of this plottingexercise are instructive.Plot-
ting the same data in two different ways reveals that, con-
trary to Ratcliff et al. (2000), a Brinley plot is not a Q–Q
plot. This is not to say that, under special circumstances,
Brinley and Q–Q plots of the same data cannot be equiv-
alent, just that they need not be. The ranking process can,
and frequently does, create new pairings of condition

Figure 2. Quantile–quantile (Q–Q) and Brinley plots of the data from Experiment 1 of Jenkins et al. (2000). The Q–Q
plot (left panel) presents the ranked condition mean response times (RTs) for the older adult group as a function of the
correspondingly ranked condition mean RTs for the young adult group. The Brinley plot of the same data (right panel)
presents the condition mean RTs for the older adult group as a function of the mean RTs for the young adult group in
the corresponding conditions. Open circles represent old visuospatial condition RTs plotted as a function of young vi-
suospatial condition RTs, and filled circles represent old verbal condition RTs plotted as a function of young verbal con-
dition RTs. Solid triangles, seen in the Q–Q plot only, represent old verbal condition RTs as a function of young visuo-
spatial condition RTs (upright triangles) and old visuospatial condition RTs as a function of young verbal condition RTs
(inverted triangles). In both plots, if the RTs for the old and young groups were equal, the points would fall along the di-
agonal.
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means that are without theoretical significance. In fact,
most publishedBrinley plots probablywould not be equiv-
alent to a Q–Q plot of the same data. Brinley’s (1965) orig-
inal plot, to pick a famous example, is certainlynot equiv-
alent to a Q–Q plot of the same data. For example, the
condition that is associated with the longest RT for older
adults is not the condition associated with the longest RT
for older adults (Figure 1).

Slopes, intercepts, and linear regression. We have
seen that Brinley plots and Q–Q plots of real data may
have quite different properties from plots like those pre-
sented by Ratcliff et al. (2000), which are based on hypo-
thetical data. This raises the question of whether real data
show the correspondence between regression slopes and
standard deviation ratios that was predicted by Ratcliff
et al. and that is observed in their hypotheticaldata. To an-
swer this question, we again consider the Q–Q plot and
the Brinley plot of the Jenkins et al. (2000) data depicted
in Figure 2. In both cases, the observed slope was lower
than the ratio of the standard deviations. The slope for the
relation between corresponding quantiles was 1.74, and
the slope of the Brinley plot regression line was 1.59. Both
of these valuesare considerably lower than the value of 1.93
that, according to Ratcliff et al., would be expected based
on the standard deviation of the condition means for the
older adult group (0.390 sec) and the standard deviationof
the condition means for the young adult group (0.202 sec).

In contrast, the slopes of the Brinley plot regression
lines for the visuospatial and verbal tasks, analyzed sepa-
rately, were accurately predictedby the standard deviation
ratios.The slopes for separate visuospatialand verbal (Brin-
ley plot) regression lines were 2.56 and 1.22, respectively,
whereas the corresponding standard deviation ratios were
2.60 and 1.24. Taken together with the inability of the
standard deviation ratio to predict the slope of the relation
between young and older adult RTs from all of the condi-
tions (i.e., the slope of the regression line for the Brinley
plot as a whole), these findings raise serious questions re-
garding Ratcliff et al.’s (2000) interpretation of Brinley
plot slopes.

What is the reason for the striking difference between
the accuracy with which the standard deviation ratio pre-
dicts the slopes for two domain-specific subsets versus the
(much lower) accuracy with which the standard deviation
ratio predicts the slope for the whole data set? Consider
Ratcliff et al.’s (2000) Equation 1. This equation provided
the basis for their prediction that the slope of a Brinley
plot will equal the ratio of the standard deviationsof older
and young RTs. In turn, this prediction provided the basis
for their claim that slopes say nothing about age-related
slowing (or, more generally, about the relative speed with
which any two groups process information). Ratcliff
et al.’s Equation 1 states that

QY 5 (SDY /DX) QX + MY 2 (SDY /DX) MX , (1)

where Q, SD, and M represent the quantiles, standard
deviations, and means of the young and older adult
RT distributions which are denoted by the subscripts X
and Y, respectively.

The reason for the variations in the accuracy of predic-
tions based on Equation 1 is that the equation is, in fact, a
special case of the more general equation for regression/
correlation (Cohen & Cohen, 1983). This may be seen if
the regression/correlation equation is written in an analo-
gous fashion:

Y 5 r (SDY / SDX) X + MY 2 r (SDY / DX) MX, (2)

where Y is the variable regressed on X and r is the corre-
lation coefficient. Simply put, Equation 2 reveals that the
predictive validity of Ratcliff et al.’s (2000) Equation 1
depends on the strength of the linear relationshipbetween
X and Y (as measured by r). In the specific case of the
Jenkins et al. (2000) data (see Figure 2), the relationship
between X and Y values is simply not as strong or as lin-
ear either for the quantiledata or for conditionmeans con-
sidered as a whole as it is for the two domain-specific sub-
sets of the condition mean data considered separately. In
general, the correspondence (or lack thereof) between
standard deviations and slopes appears to be a fundamen-
tal property of estimates of linear regression/correlation
and can provide no support for Ratcliff et al.’s contention
that Brinley plots are Q–Q plots.

Equations 1 and 2 also help illuminate the meaning of
the regression intercept.According to the general regression/
correlation equation (Equation 2), the slope is equal to the
product of the correlation and the ratio of the standard de-
viations.According to Ratcliff et al.’s (2000) Q–Q equation
(Equation 1), the slope is simply equal to the ratio of the
standard deviations (i.e., the strength of the correlation is
implicitlyassumed to be 1.0). In bothequations,however, the
intercept equals the difference between the mean of the Y
values (e.g., older adult RTs) and the product of the slope
and the mean of the X values (e.g., young adult RTs):

Intercept 5 MY 2 Slope 3 MX . (3)

Thus, from Ratcliff et al.’s perspective, the intercept mea-
sures the difference between the observed mean for the Y
group and the mean predicted for this group based purely
on how variable they are relative to the X group. If the dif-
ference in RTs were wholly attributable to relative vari-
ability, the intercept would be zero, but if there were slow-
ing over and above that attributable to relative variability,
the intercept would be positive.

The actual result observed in most Brinley plot analy-
ses of young and older adults’ RTs is that the intercept is
negative. Ratcliff et al. (2000) stated that this occurs be-
cause “older subjects’ means are larger than younger sub-
jects’ means, but not by too much, relative to their standard
deviations” (p. 6). Although we find this statement rather
vague, Ratcliff et al.’s Q–Q equation makes the mathe-
matical meaning of the observed negative intercepts ex-
tremely clear. According to their Q–Q equation, intercepts
are negative when condition mean RTs are faster than
would be predicted on the basis of variability. If, as Rat-
cliff et al. contend, age-related changes in variability (as
indexed by regression slopes) should be disregarded when
one is evaluating speed, then, given the observed negative
intercepts, one would have to conclude that older adults
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are actually faster than youngadults.No one, includingRat-
cliff et al., would probably be comfortable with that con-
clusion. Thus, their emphasis on the intercepts of Brinley
plot regression lines as the preferred measure of relative
speed appears to be misplaced.

Instead, the observed negative intercepts seem to reflect
the fact that the cognitive processes involved in standard
experimental tasks are more affected by aging than are the
sensorimotor processes (Cerella, 1985, 1990; Myerson,
Hale, Wagstaf, Poon, & Smith, 1990; Zheng et al., 2000).
As was the case according to Ratcliff et al.’s (2000) inter-
pretation, the interpretation proposed by both Cerella and
Myerson and his colleagues implies that older adults’ RTs
are faster than would be predicted on the basis of regres-
sion slopes alone (i.e., interceptsare typicallynegative; see
Equation 3). According to Cerella and Myerson, however,
this occurs because the slopes of Brinley plot regression
lines reflect only cognitive slowing, whereas the RTs con-
sist of both cognitive and sensorimotor components.

This interpretation was originally proposed by Cerella
(1985) in the context of a meta-analysis of data from early
cognitive aging studies that differed greatly in their sen-
sorimotor requirements (from vocal responses to card
sorting). Myerson et al. (1990) focused on the case, exem-
plified by more recent research on age-related slowing, in
which the sensorimotor requirements are minimal (typi-
cally a button push in response to a high-contrast visual
stimulus) and are fairly similar across studies.They showed
that under these conditions,

O 5 mcY 2 a(mc 2 mp ), (4)

where O is the condition mean RT for the older group, Y
is the condition mean RT for the young group, a is the du-
ration of peripheral sensorimotor processes for the young
group, mc is the degree of age-related cognitive slowing,
and mp is the degree of age-related peripheral slowing (see
also Equation 9, Cerella, 1990).

The consequences of Equation 4 may be considered
graphically and analytically. From the graphical perspec-
tive, imagine a Brinley plot for which the data contains, in
addition to data from more complex task conditions, one
point from a simple sensorimotor task (X = a, Y = mpa). If
the degree of sensorimotor slowing is relatively small, this
sensorimotor point will lie close to the equality diagonal
(i.e., the line Y = X ). Because of the leverage exerted by
this point, the Brinley plot regression line will tend to pass
through it, and any line with a slope greater than 1.0 that
passes through this point will tend to have a negative in-
tercept. Moreover, the larger the slope, the more negative
the intercept, as Cerella (1985, 1991) observed.

From the analyticalperspective, Equation 4 reveals that
when the degree of cognitive slowing is greater than the
degree of sensorimotor slowing (mc . mp . 1.0), as re-
ported by Cerella (1985), the intercept will be negative:
–a(mc 2 mp) , 0.0. Moreover, holding the sensorimotor
task requirements constant, any variation in the degree of
cognitive slowing, whether between samples or between
tasks, will produce a negative correlation between slopes
and intercepts across studies (e.g., Cerella, 1985, 1991).

This analysis may be extended to the regression of indi-
vidual RTs on group mean RTs in studies examining indi-
vidualdifferences in cognitivespeed. In such cases, the pres-
ent analysis correctly predicts that slow individuals will
haveslopesgreater than1.0 and negativeintercepts,whereas
fast individualswill have slopes less than 1.0 and positive
intercepts (Hale & Jansen, 1994; Zheng et al., 2000).

Questions and answers. We have now considered
each of the first four questions posed earlier. With respect
to the first question,concerning whether Brinley plots are
Q–Q plots, we have shown that Brinley plots and Q–Q
plots are not equivalent because they convey different
kinds of information. Importantly, the rank ordering that
is necessary to construct a Q–Q plot of two groups’ con-
dition mean RTs will tend to alter the pairings of the con-
dition means, potentially obscuring the phenomenon of
interest—that is, the relationshipbetween one group’s per-
formance and the performance of another group under the
same conditions.It is Brinley plots, and notQ–Q plots, that
reliably convey information regarding this relationship.

With respect to the question of whether standard devi-
ation ratios predict Brinley plot regression slopes, we have
shown that although the slope sometimes corresponds to
the ratio of the standard deviationsof the two groups’ con-
dition means, sometimes it does not correspond to this
ratio—it all depends on the strength and linearity of the
relationship. As to the question of whether the relation-
ship between the slope and the standard deviation ratio
tells us anything about whether or not Brinley plots are
Q–Q plots, the short answer is “no.” More specifically,
Ratcliff et al.’s (2000) statement regarding the relation be-
tween Brinley plot slopes and standard deviation ratios
turns out to be a mathematical fact about regression lines
in general and has nothing to do with what type of data
are described by the regression equation.To the extent that
a Brinley plot shows a strong linear relationship, it will be
similar to a Q–Q plot of the same data, and they will both
share the properties of a straight line (which include a
standard deviation ratio approximately equal to the re-
gression slope)—all of which simply begs the question of
why there is an orderly, linear relationship between con-
dition means in the first place.

The question of whether the intercept of the Brinley
plot regression line is really a measure of relative speed,
as Ratcliff et al. (2000) claimed, must be seen in the the-
oretical context of their other claim that the slope is really
a measure of relative variability. It is true that, from their
perspective, the intercept might be thought of as a speed
measure because it compares the overall mean RTs for two
groups while effectively controlling for variability differ-
ences. We have shown, however, that this interpretationof
the intercept also leads to the conclusion that older adults
are really faster than young adults because the intercepts
of Brinley plot regression lines are typically negative. Fi-
nally, we presented an alternative interpretation, accord-
ing to which intercepts reflect differences in sensorimotor
and cognitive speed, and negative intercepts occur when
cognitive speed differences are greater than sensorimotor
speed differences (Cerella, 1985; Myerson et al., 1990).
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Do Brinley Plot (Regression) Slopes Measure
Relative Speed?

Consider what the implications would be if Ratcliff
et al. (2000)were correct aboutBrinleyplots. If Ratcliff et al.
were correct it would mean that cognitive psychology’s
few quantitative laws would need to be radically reinter-
preted. This is because Ratcliff et al.’s argument applies
not just to Brinley plots, but to all other types of scatter
plots as well. Consider, for example, the implications of
Ratcliff et al.’s thesis for mental rotation. The slope of the
relation between RT and the angle of orientation of the
stimulus is usually assumed to reflect the rate of mental
rotation. That is, in keeping with the standard interpreta-
tion of slopes as representing the ratio of the change in Y
(e.g., response times, in milliseconds) to the change in X
(e.g., angle in degrees), the mental rotation slope is as-
sumed to indicate the number of milliseconds it takes to
mentally rotate an image of the stimulus by 1º (e.g., Shep-
ard & Cooper, 1986). In contrast, Ratcliff et al.’s argu-
ment, as applied to the mental rotation plot, implies that
the slope of the relation between RT and stimulus orien-
tation shows nothing about the rate of mental rotation but
is simply the ratio of standard deviationsof response times
and angles. Finally, taken to its logical conclusion, their
argument implies that rotation rate is actually indicatedby
the intercept of the regression of RT on stimulus orienta-
tion rather than the slope.

It is true, of course, for mental rotation functions (as it
is for any approximately linear function) that the slope

will reflect, in part, the ratio of the standard deviations of
the X and Y variables. As we have seen, however, the gen-
eral regression correlation equation (Equation 2) clearly
implies that the correspondence between slope and stan-
dard deviation ratio is the property of any highly orderly
linear relationship and has no theoretical significance.
Today, most cognitive researchers would probably accept
the proposition that the slope of the mental rotation func-
tion measures the amount of time it takes to accomplish a
specified amount of processing, as Shepard originally
proposed (e.g., Corballis, 1988; Jolicœur & Humphrey,
1998; for a review, see Shepard & Cooper, 1986). It should
be possible, therefore, to use the mental rotation rates of
two groups to predict the slope of a Brinley plot regression
line fit to their data, if, as has been suggested (e.g., Cerella,
1985; Cerella & Hale, 1994), the Brinley plot slope indi-
cates the relative speed of two groups.

Consider Figure 3, which replots the mental rotation
data for young and older adults from a study by Cerella,
DiCara, Williams, and Bowles (1981). The left panel pre-
sents the data in standard form: Each group’s mean RTs
are plotted as a functionof stimulusangle. The right panel
shows a Brinley plot of the same data: The older adult
group’s RTs at each angle are plotted as a function of the
corresponding young adult group’s RTs. Note that the
slope of the regression of older adults RTs on those of
young adults and the ratio of their mental rotation rates are
nearly equivalent.On average, older adults took 7.33 msec
to rotate an image 1º compared with the 3.74 msec that it

Figure 3. Two plots of the mental rotation response times (RTs) from Cerella et al. (1981). The left panel presents the condi-
tion mean RTs for the older adult group (open circles) and young adult group (filled circles) as a function of the number of de-
grees by which the orientation of the stimulus differed from upright. The right panel shows a Brinley plot of the same data.
Note that the slope of the Brinley plot regression line is approximately equal to the speed ratio (i.e., the number of milliseconds
per degree for the older adults divided by the number of milliseconds per degree for the young adults) calculated on the basis
of the slopes of the mental rotation functions (i.e., the regression lines shown in the left panel).
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took young adults. This is consistent with the relative
speed interpretation of the slope of the Brinley plot re-
gression line, which implies that the older adults took ap-
proximately twice as long as the young adults to perform
the same processing operations.

The preceding analysis suggests a more general empir-
ical test of what is, as Ratcliff et al. (2000) pointed out,
the fundamental assumption underlying the interpretation
of Brinley plots. Surprisingly, this assumption (i.e., that
the regression slope indicates relative speed) has not been
systematically tested before, althoughCerella (1991, 1994)
has demonstrated how such a test would work in specific
cases. That is, by focusing on tasks where it is possible to
measure the speed with which each of two groups per-
forms a relatively well defined cognitive process (e.g.,
mental rotation, visual search, and short-term memory
scanning), it should be possible to determine whether or
not Brinley plot regression slopes accurately reflect these
groups’ relative processing speed.2

Recall that when we listed the questions raised by Rat-
cliff et al.’s (2000) claim that Brinley plots are Q–Q plots,
this issue provided the basis for the last, and potentially
most important, question: What does the slope of a Brin-
ley plot regression line tell us about the relative process-
ing speed of the groups being compared? Although the
Cerella et al. (1981) data are consistent with the relative
speed interpretation of Brinley plot regression slopes,
these are data from only one study, specifically selected to
illustrate the point we were making. Because of the fun-
damental importance of this issue, a fuller, more rigorous
evaluationof exactly how the relative processing speed of
two groups relates to the slope of the regression of one
group’s condition mean RTs on the corresponding RTs of
the other group is needed. We recently conducted such an
evaluation,and the results are described in the next section.

Sliwinski and Hall’s (1998) meta-analysis. The con-
troversial nature of Brinley plots would seem to set a high
bar for anyone wishing to establish the validity of this ap-
proach. Accordingly, rather than select a set of studies our-
selves (thereby possibly raising questions regarding our
selection criteria), we chose to analyze a data set that had
been assembled by other researchers for a previous meta-
analysis (Sliwinski & Hall, 1998). This data set had the
advantage that it contains studies whose results were con-
sistent with a general slowing hypothesis as well as stud-
ies whose results, as Sliwinski and Hall demonstrated,
were not consistent with this hypothesis. This allowed us
to assess whether Brinley plot regression slopes measured
relative processing speed in studieswhose results were not
consistent with general slowing as accurately as they mea-
sured relative processing speed in studies whose results
were consistent with general slowing.

Sliwinski and Hall’s (1998) meta-analysis was moti-
vated by questions concerning the validity of some of the
meta-analytic methods previously used to test the general
slowing hypothesis. In particular, they questioned the use
of simple regression models in meta-analyses where the
data set consisted of the results from a number of studies,
each of which often contributed multiple data points. Sli-

winski and Hall argued that because of the nested struc-
ture of such data, it should be analyzed using hierarchical
linearmodels rather than ordinary least squares techniques,
and they conducted their own meta-analysis in order to
compare the two approaches.

For purposes of their statistical approach, Sliwinski and
Hall (1998) chose to examine three relatively well defined
cognitive processes: mental rotation, visual search, and
short-term memory scanning. Studies of these processes
typicallyvary one dimension of the task (i.e., stimulus ori-
entation, number of elements in the display, and the size
of the memory set), and this property made it possible for
Sliwinski and Hall to estimate the slope of the regression
of older adult RTs on young RTs for individual experi-
ments. More importantly for present purposes, however,
this property also makes it possible to obtain separate es-
timates of the speed with which each of the groups in a
particular experiment executes a specific cognitive oper-
ation (e.g., mental rotation).

The data set assembled by Sliwinski and Hall (1998)
includes six studies of mental rotation, seven studiesof vi-
sual search, and nine studies of memory scanning. Sli-
winski and Hall reported that, consistent with their statis-
tical argument, ordinary least squares regression yielded
no significant differences between the three types of tasks,
whereas a test based on hierarchical linear models did
yield significant differences. The latter techniqueyielded
an estimated slope for memory scanning tasks of 1.25,
which differed significantly from the slopes for the other
two types of tasks, visual search and mental rotation. In
fact, the estimatedmean slopesfor these latter two tasks were
not merely statistically equivalent, they were nearly identi-
cal: 1.95 for mental rotation versus 1.97 for visual search.
The difference between memory scanning and the other
two tasks may reflect the difference in slowing between
the verbal and visuospatial domains (Hale & Myerson,
1996; Jenkins et al., 2000; Lima et al., 1991). Consistent
with this interpretation, all but two of the memory scan-
ning experiments required subjects to remember either
words or the names of letters and digits, and the one mem-
ory scanning experiment in which the degree of slowing
was similar to that for mental rotation and visual search
involved a memory set consisting of three-dimensional
objects (Puglisi & Morrell, 1986).

As may be seen in Figure 4, however, the difference in
mean regression slope is not the only difference between
the memory scanning data and the data from the two vi-
suospatial tasks. Not only are the regression lines for the
memory scanning experiments different from those for
the other two tasks—they are also obviously much more
varied. The reasons for this are obscure, although ques-
tions have been raised regarding the reliabilityof memory
scanningmeasures (Becker et al., 1995). In contrast, slope
measures for other information processing slopes (e.g.,
mental rotation) have been shown to be highly reliable
(Damos & Carter, 1995). In any case, the lack of consis-
tency in memory scanning slopes suggests that it may be
premature to draw any conclusions regarding the effect of
aging on memory scanning rates.
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Regardless of what the correct theoretical interpretation
turns out to be, these findings(i.e., that mental rotationand
visual search slopes differ from memory scanning slopes,
which tend to differ among themselves) are advantageous
for present purposes. They indicate that the Sliwinski and
Hall (1998) data set contains examples of general slowing
within at least one (i.e., the visuospatial)domain as well as
possible examples of task-specific and even study-specific
differences in the degree of age-related slowing (i.e., the
memory scanning data). This is important because in
order to assess whether Brinley plots and regression analy-
ses provide an objective, atheoretical approach to measur-
ing relative speed, we need to be able to test whether they
provide reliable results (i.e., results consistent with those
obtained using a separate, accepted methodology)regard-
less of whether those results are consistent or inconsistent
with the general slowing hypothesis. If Brinley plot re-
gression analyses cannot reveal exceptions to general
slowing where such exceptions are known to exist, then

this approach cannot be used to assess the validity of gen-
eral slowing.

Further analyses of Sliwinski and Hall’s (1998) data
set. For present purposes, our primary interest in the Sli-
winski and Hall (1998) data set is in what it can tell us
about the interpretation of Brinley plot regression slopes.
To address this issue, we performed three regression
analyses on the data from each of the 22 studiesassembled
by Sliwinski and Hall (see their Table 1 for details). More
specifically, we regressed the mean older adult RTs for
each condition on the corresponding mean young adult
RTs to obtain the Brinley plot regression slope, and we re-
gressed the condition mean RTs for each age group sepa-
rately on the independentvariable (e.g., memory set size).
The latter two regression analyses yieldeda slope for each
age group corresponding to the speed with which they
performed a particular cognitive process (e.g., for mem-
ory scanning, the number of milliseconds per item in the
memory set); these results were then used to calculate a

Figure 4. Brinley plots showing the regression lines for the mental rotation, visual search,
and memory scanning studies included in the Sliwinski and Hall (1998) data set. The re-
gression lines for each study are extended to the axes to facilitate comparison. Note that the
axis scales used for plots of the memory scanning studies (0–2 sec) differ from those used for
the mental rotation and visual search studies (0–4 sec) because of the much shorter RTs ob-
served in memory scanning experiments.
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processing speed ratio, defined as the ratio of the regres-
sion slopes for the two groups. This ratio indicates how
much time it took the older adult group relative to the time
it took the young adult group to perform the same cogni-
tive operation.

A few other details of our analyticprocedures should be
noted. For mental rotation studies, we did not distinguish
between clockwise and counterclockwise rotations where
they were reported separately but used the deviationof the
stimulus from upright as the independentvariable. For vi-
sual search studies, we used the mean number of items
searched as the independentvariable.On target-absent tri-
als, the number of items searched was assumed to be equal
to the set size; on target-present trials, the mean number of
items searched was assumed to be equal to half of the set
size plus 0.5 (e.g., when set size was three, it was assumed
that subjectswere equally likely to search one, two, or three
items before finding the target, so that on average, subjects
searched 2 items). The results for the regression of RT on
the independent variable are presented in Table 1, and the
speed ratios as well as the results for the Brinley plot
analyses are presented in Table 2.

Recall that the critical question motivating these analy-
ses is whether the slope of the Brinley plot regression line
really measures the degree of cognitive slowing: that is, is
the slope equivalent to the ratio of the rates at which dif-
ferent groups perform specific cognitive processes? The
answer to this question is apparent from Figure 5. The left
panel compares the mean Brinley plot slopeswith the mean
speed ratio for each task. As may be seen, both the mean

Brinley plot regression slope for memory scanning stud-
ies and the mean ratio of memory scanning speeds were
considerably lower than the corresponding measures for
mental rotationand visual search. The correspondencebe-
tween Brinley slopes and speed ratios is nevertheless ex-
tremely good for each of the cognitive processes under
consideration (i.e., memory scanning, mental rotation,
and visual search).

The right panel examines the correspondence between
the Brinley plot regression slope and the processing speed
ratio for the two age groups on a study-by-study basis. As
may be seen, the correspondence is very good (r = .996),
and there is little tendency for the speed ratio to be higher
or lower than expected based on the slope of the Brinley
plot regression line. These results suggest that, regardless
of whether the data are consistent (as in the case of men-
tal rotationand visual search) or inconsistent(as in the case
of memory scanning) with a single age-related slowing
factor, Brinley plot slopes can still provide a good index
of relative processing speed.

Converging evidence. Our analyses of the Sliwinski
and Hall (1998) data set have both theoretical and method-
ological implications. Of these, the methodological im-
plicationsmay have primacy here because a major goal of
our analyses was to evaluate the assumption that Brinley
plot regression slopes measure relative processing speed.
Moreover, the theoretical implicationsof our analyses de-
pend on establishing the validity of this assumption. Im-
portantly, the results of the present analyses indicate that
for young and older adults, the slope of a Brinley plot re-

Table 1
Regression Intercepts, Slopes, and r2s for Studies From Sliwinski and Hall (1998)

Young Old

Task and Slope/ Study Intercept Slope r2 Intercept Slope r 2

Mental Rotation (msec per degree)
Berg et al. (1982) 961.6 7.48 .961 1,678.4 14.39 .961
Cerella et al. (1981) 847.5 3.74 .976 1,300.4 7.33 .918
Dror & Kosslyn (1995) 1,492.0 5.96 .975 2,370.0 9.56 .953
Hale et al. (1991) 673.7 2.95 .983 1,032.0 5.11 .995
Hale et al. (1995) 629.5 2.71 .969 995.4 6.60 .982
Hertzog et al. (1993) 711.0 5.38 .996 1,209.2 12.30 .982

Visual Search (msec per item searched)
Foster et al. (1995) 456.6 20.8 .980 455.7 51.5 .976
Hale et al. (1995) 530.8 21.3 .971 672.0 54.8 .984
Madden (1986) 391.0 130.0 .999 490.3 212.5 .965
Plude et al. (1983) 342.8 143.3 .652 574.5 307.4 .672
Plude & Hoyer (1986) 363.3 58.3 .977 514.0 132.8 .956
Plude & Doussard-Roosevelt (1989) 595.6 26.2 .992 814.3 52.7 .981
Zacks & Zacks (1993) 440.3 23.3 .913 471.4 44.7 .962

Memory Scanning (msec per memory item)
Cerella et al. (1986) 492.5 52.5 1.000 686.7 60.0 .972
Coyne et al. (1986) 487.3 31.9 .982 851.2 30.1 .795
Fisk et al. (1990) 375.0 136.0 .488 571.3 110.7 .368
Madden (1982) 463.7 46.7 .845 566.7 61.3 .686
Menich & Baron (1990) 490.7 126.5 .901 668.7 170.0 .958
Puglisi & Morrell (1986) 535.0 50.0 .971 717.5 132.5 .999
Salthouse & Somberg (1982) 726.7 63.3 1.000 1,350.0 100.0 1.000
Salthouse (1994) 674.5 71.8 .976 1,327.5 68.0 .935
Strayer & Kramer (1994) 353.7 27.0 .918 484.7 39.6 .833
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gression line provides a reliable estimate of the relative
speed of processes such as visual search, mental rotation,
and memory scanning.

Moreover, this reliability does not depend on whether
slopes are relativelyuniform, as predicted by general slow-
ing. In fact, it is only because the Brinley plot approach is
objective and atheoretical, and applies to data regardless
of whether they are consistent with general slowing (i.e.,
visual search and mental rotation RTs) or not (i.e., mem-
ory scanning RTs), that Brinley plot regression slopes
have the potential to provide support for general slowing
or for any other theoretical position. In fact, the present
analyses, both those using the Brinley plot approach and
(where appropriate) those examining speed ratios for spe-
cific cognitive processes, provide converging evidence of
general age-relatedslowing in the visuospatialdomain.More
specifically, normal aging appears to produce equivalent
slowing of two quite different visuospatial processes:
mental rotation and visual search. 3

The findings with respect to memory scanning, how-
ever, appear to be more complicated.The present analyses
of Brinley plot regression slopes and processing speed ra-
tios replicate Sliwinski and Hall’s (1998) finding that, on
average, performance on memory scanning tasks appears
to be less age sensitive than performance on visual search
or mental rotation tasks. However, the diversity of out-
comes from memory scanning experiments raises the
question of whether the experiments on memory scanning
are all examining the same basic process. Until the factors
responsiblefor the diversityof outcomes are identifiedand
understood, any attempt to quantify the effect of aging on
memory scanning may be premature. For the present, the

primary significance of the memory scanning results may
be that they demonstrate the evenhandednessof the Brin-
ley plot approach and show that this approach is as capa-
ble of revealing exceptions to general slowing as it is of
providing supporting evidence.

General Discussion
Ratcliff et al. (2000) suggested that age differences in

time–accuracy tradeoffs, rather than the effect of age on
processing speed, might underlie the well-established
finding that older adults’ RTs are slower than those of
youngadults (for meta-analytic reviews, see Cerella, 1985,
1990; Cerella & Hale, 1994; Hale et al., 1987;Lima et al.,
1991). The problem with this suggestion is that age dif-
ferences in time–accuracy tradeoffs have been extensively
researched and found wanting as a general explanationfor
age differences in RTs (for a quantitativereview, see Cerella,
1990). A number of more recent experiments (two of
which were included in the Sliwinski et al., 1998, meta-
analysis) have also addressed this issue.

In one of the experiments,Hertzog, Vernon, and Rypma
(1993) gave young and older adults instructions for a men-
tal rotation RT task that emphasized speed, accuracy, or
both (neutral instructions). Interestingly, accuracy was
most nearly equivalent under standard, neutral instruc-
tions (92.7% for young adults and 90.8% for older adults).
Under all three kinds of instructions, older adults rotated
images at least twice as slowly as young adults (relative
rotation speeds ranged from 2.01 to 2.47).

In another experiment, Zacks and Zacks (1993, Exper-
iment 1) used a forced-choice staircase procedure to de-
termine threshold durations for visual search specifically

Table 2
Brinley Plot Regression Parameters, r2s, and Speed Ratios

for Studies From Sliwinski and Hall (1998)

Task /Study Intercept Slope r2 Speed Ratio

Mental Rotation
Berg et al. (1982) 2146.6 1.908 .986 1.923
Cerella et al. (1981) 2395.8 1.991 .968 1.963
Dror & Kosslyn (1995) 246.6 1.615 .991 1.605
Hale et al. (1991) 2116.9 1.713 .991 1.731
Hale et al. (1995) 2442.9 2.318 .921 2.431
Hertzog et al. (1993) 2418.2 2.287 .988 2.284

Visual Search
Foster et al. (1995) 2638.0 2.407 .939 2.479
Hale et al. (1995) 2677.7 2.554 .997 2.574
Madden (1986) 2154.3 1.643 .976 1.635
Plude et al. (1983) 2130.7 2.103 .990 2.145
Plude & Hoyer (1986) 2310.8 2.273 .972 2.280
Plude & Doussard-Roosevelt (1989) 2391.5 2.020 .997 2.012
Zacks & Zacks (1993) 2317.2 1.840 .967 1.920

Memory Scanning
Cerella et al. (1986) 123.8 1.143 .972 1.143
Coyne et al. (1986) 430.2 0.877 .702 0.941
Fisk et al. (1990) 2194.0 0.915 .952 0.814
Madden (1982) 292.1 1.402 .930 1.310
Menich & Baron (1990) 45.1 1.296 .988 1.344
Puglisi & Morrell (1986) 2637.4 2.558 .959 2.650
Salthouse & Somberg (1982) 202.6 1.579 1.000 1.579
Salthouse (1994) 675.6 0.962 .989 0.947
Strayer & Kramer (1994) 259.6 1.522 .976 1.468
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to preclude the possibility of age differences in time–
accuracy tradeoffs. Using this procedure, they found that
older adults took 1.90 times as long per item as young
adults. These results are comparable to their results for the
same subjects obtained using standard RT techniques
(1.94 times as long per item for older adults as for young
adults) and are similar to our estimate of a 1.84 slowing
factor for the Zacks and Zacks data estimated on the basis
of the slope of the Brinley plot regression line (Table 2).

Three studies conducted by Mayr and his colleagues
lead to similar conclusions regarding age-related differ-
ences in the speed of visual search. Importantly, these
studies used a variety of measures and analytic tech-
niques, including (1) stimulus-duration threshold mea-
sures like those of Zacks and Zacks (1993), (2) the ratio
of the rate parameters of time–accuracy tradeoff functions
(Mayr, Kliegl, & Krampe, 1994, 1996), and (3) the slope
of a Brinley plot regression based on young and older
adults’ mean exposure times at different levels of accu-
racy and with different numbers of objects (Mayr &
Kliegl, 1993). Note that, as in the study by Zacks and
Zacks, the studies by Mayr and his colleagues used
forced-choice procedures in which exposure time was ex-
perimentally manipulated, thereby circumventing inter-
pretation problems caused by possible age differences in
time–accuracy tradeoff. In all cases, the estimates of age-
related slowing of visual search (which ranged from 1.88
to 1.97) correspond closely to the Brinley plot regression
slope (2.02) and the hierarchical regression slope (1.98)
for the young and older adults’ visual search RTs reported
by Sliwinski and Hall (1998).

We do notmean to suggest that age-relateddifferences in
time–accuracy tradeoff never occur, either naturally or in
response to instructional manipulations, nor do we mean
to suggest that they may not be a problem in specific stud-
ies. However, the correspondencebetween the findingsof
Brinley plot analyses of RT data and analyses of stimulus-
duration thresholdsdeterminedwith forced-choice proce-
dures, taken together with years of research on this issue,
strongly suggests that age differences in time–accuracy
tradeoffs are not typically responsible for the age-related
slowing reflected in Brinley plot regression slopes.

We would like to concludeby noting that we agree with
Ratcliff et al. (2000) that one needs to distinguishbetween
RTs and processing speed measures derived from RTs. For
example, just because an older adult group’s mean RT on
a particular task is twice the mean RT for a young group
does not mean that the older group processes information
twice as slowly. This, in fact, is the reason why many re-
searchersuse Brinleyplots and regressionanalysisas a basis
for estimating the degree to which processing speed slows
with age, rather than simply examining the ratio of RTs.

Ratcliff et al. (2000) recently challenged the continued
use of Brinley plots for such purposes on the basis of their
assertion that Brinley plots are equivalent to Q–Q plots. In
contrast, we have argued that these two types of plots rep-
resent two quite different approaches to graphical analy-
sis. Accordingly, we showed that Brinley plots and Q–Q
plots are not equivalent because they convey different
kinds of information. Importantly, the rank ordering that
is necessary to construct a Q–Q plot of two groups’ con-
dition mean RTs tends to alter the pairings of condition

Figure 5. Correspondence between the slopes of the Brinley plot regression lines and speed ratios calculated for the
22 studies in the Sliwinski and Hall (1998) data set. The left panel compares the mean Brinley regression slopes with the
mean speed ratio, averaged across all studies that used a particular type of task (i.e., mental rotation, visual search, or
memory scanning); error bars represent the standard errors. The right panel plots the processing speed ratio for each
study as a function of the Brinley plot regression slope for the same study. A speed ratio equal to the corresponding Brin-
ley regression slope is represented by a point on the (dashed) diagonal.
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means, thereby potentially obscuring the phenomenon of
interest—the relationship between one group’s perfor-
mance and the performance of another group under the
same conditions.

Clarification of this issue, however, was merely a pre-
requisite to testing the fundamental assumption underly-
ing interpretation of the results of Brinley plot analyses.
To address this issue directly, we conducted a meta-
analysis that compared Brinley plot regression slopeswith
other measures of relative processing speed based on
more traditional speed indices. Specifically,we compared
Brinley plot slopes with the ratios of young and older
adults’ rates of mental rotation, visual search, and mem-
ory scanning. The results of our meta-analysis strongly
support the hypothesis that Brinley plot regression slopes
measure relative processing speed.

REFERENCES

Bashore, T. R., & Smulders, F. (1995). Do general slowing functions
mask local slowing effects? A chronopsychophysiological perspec-
tive. In P. A. Allen & T. R. Bashore (Eds.), Age differences in word and
language processing (Advances in Psychology, Vol. 110, pp. 390-
425). Amsterdam: Elsevier, North-Holland.

Becker, J. T., Caldararo, R., Baddeley, A. D., Dew, M. A., Hein-

del, W. C., Banks, G., Dorst, S. K., & Lopez, O. L. (1995). Method-
ological considerations in estimating speed of cognitive operations.
Journal of the International Neuropsychological Society, 1, 3-9.

Berg, C., Hertzog, C., & Hunt, E. (1982). Age differences in the
speed of mental rotation. Developmental Psychology, 18, 95-107.

Brinley, J. F. (1965). Cognitive sets, speed and accuracy of perfor-
mance in the elderly. In A. T. Welford & J. E. Birren (Eds.), Behavior,
agingand the nervous system (pp. 114-149).Springfield, IL: Thomas.

Cerella, J. (1985). Information processing rates in the elderly. Psy-
chological Bulletin, 98, 67-83.

Cerella,J. (1990).Aging and information-processing rate. In J. E. Bir-
ren & K. W. Schaie (Eds.), Handbookof the psychology of aging (3rd
ed., pp. 201-221). San Diego: Academic Press.

Cerella, J. (1991). Age effects may be global, not local: Comment on
Fisk and Rogers (1991). Journal of Experimental Psychology: Gen-
eral, 120, 215-223.

Cerella J. (1994). Generalized slowing in Brinley plots. Journal of
Gerontology: Psychological Sciences, 49, P65-P71.

Cerella, J., DiCara, R., Williams, D., & Bowles, N. (1986). Rela-
tions between information processing and intelligence in elderly
adults. Intelligence, 10, 75-91.

Cerella, J., & Hale, S. (1994). The rise and fall of information pro-
cessing rates over the life span. Acta Psychologica, 86, 109-197.

Cerella, J., Poon, L. W., & Fozard, J. L. (1981). Mental rotation and
age reconsidered. Journal of Gerontology, 36, 620-624.

Cerella,J., Poon, L. W., & Williams,D. M. (1980).Age and the com-
plexity hypothesis. In L. W. Poon (Ed.), Aging in the 1980’s: Psycho-
logical issues (pp. 332-340). Washington, D.C.: American Psycho-
logical Association.

Chambers, J. M.,Cleveland, W. S., Kleiner,B.,& Tukey,P. A. (1983).
Graphical methods for data analysis. Belmont, CA: Wadsworth.

Cohen, J., & Cohen, P. (1983). Applied multiple regression/correlation
analysis for the behavioral sciences (2nd ed.) Hillsdale, NJ: Erlbaum.

Corballis, M. C. (1988). Recognition of disoriented shapes. Psycho-
logical Review, 95, 115-123.

Coyne, A. C., Allen, P. A., & Wickens, D. D. (1986). Influence of
adult age on primary and secondary memory search. Psychology &
Aging, 1, 187-194.

Damos, D. L., & Carter, R. C. (1995). Information-processing slope
scores can be reliable. Human Factors, 37, 424-429.

Dror, I. E., & Kosslyn, S. M. (1994). Mental imagery and aging. Psy-
chology & Aging, 9, 90-102.

Faust, M. E., Balota, D. A., Spieler,D. H., & Ferraro,F. R. (1999).
Individual differences in information-processing rate and amount: Im-
plications for group differences in response latency. Psychological
Bulletin, 125, 777-799.

Ferraro, F. R. (1996). Cognitive slowing in closed-head injury. Brain
& Cognition, 32, 429-440.

Fisk, A. D., & Fisher, D. L. (1994). Brinley plots and theories of aging:
The explicit, muddled, and implicit debates. Journal of Gerontology:
Psychological Sciences, 49, P81-P89.

Fisk, A. D., Rogers, W. A., & Giambra, L. M. (1990). Consistent and
varied memory/visual search: Is there an interaction between age and
response-set effects? Journals of Gerontology: Psychological Sci-
ences, 45, P81-P87.

Foster, J. K., Behrmann, M., & Stuss, D. T. (1995). Aging and visual
search: Generalized cognitive slowing or selective deficit in attention?
Aging & Cognition, 2, 279-299.

Fry, A. F., & Hale, S. (1996). Processing speed, working memory, and
fluid intelligence: Evidence for a developmental cascade. Psycholog-
ical Science, 7, 237-241.

Goodglass, H., Wingfield, A., & Ward, S. E. (1997). Judgments of
concept similarity by normal and aphasic subjects: Relation to nam-
ing and comprehension. Brain & Language, 56, 138-158.

Hale, S. (1990). A global developmental trend in cognitive processing
speed. Child Development, 61, 653-663.

Hale, S., Lima, S. D., & Myerson, J. (1991). General cognitive slow-
ing in the nonlexical domain: An experimental validation. Psychol-
ogy & Aging, 6, 512-521.

Hale, S., & Jansen, J. (1994). Global processing-time coeff icients
characterize individual differences in cognitive speed. Psychological
Science, 5, 384-389.

Hale, S., & Myerson, J. (1996). Experimental evidence for differential
slowing in the lexical and nonlexical domains. Aging, Neuropsychol-
ogy, & Cognition, 3, 154-165.

Hale, S., Myerson, J., Faust, M., & Fristoe, N. (1995). Converging
evidence for domain-specific slowing from multiple nonlexical tasks
and multiple analytic methods. Journal of Gerontology: Psychologi-
cal Sciences, 50, P202-P211.

Hale, S., Myerson, J., & Wagstaff, D. (1987). General slowing of
nonverbal information processing: Evidence for a power law. Journal
of Gerontology, 42, 131-136.

Hartley, A. A., & Little, D. M. (1999). Age-related differences and
similarities in dual-task interference. Journal of Experimental Psy-
chology: General, 128, 416-449.

Hertzog, C., Vernon, M. C., & Rypma, B. (1993). Age differences in
mental rotationtask performance: The influenceof speed/accuracy trade-
offs. Journal of Gerontology: PsychologicalSciences, 48, P150-P156.

Jenkins, L., Myerson, J., Joerding, J. A., & Hale, S. (2000). Con-
verging evidence that visuospatial cognition is more age-sensitive
than verbal cognition. Psychology & Aging, 15, 157-175.

Jolicœur, P., & Humphrey, G. K. (1998). Perception of rotated two-
dimensional and three-dimensional objects and visual shapes. In
V. E. Walsh & J. Kulikowski (Eds.), Perceptual constancy: Why things
look as they do (pp. 69-123).New York: Cambridge University Press.

Kail, R. (1991). Developmental change in speed of processing during
childhood and adolescence. Psychological Bulletin, 109, 490-501.

Kail, R. (1993). Processing time decreases globally at an exponential
rate during childhoodand adolescence. Journalof Experimental Child
Psychology, 56, 254-265.

Kail, R. (1994). A method for studying the generalized slowing hy-
pothesis in children with specific language impairment. Journal of
Speech & Hearing Research, 37, 418-421.

Kail, R. (1997). The neural noise hypothesis: Evidence from process-
ing speed in adults with multiple sclerosis. Aging, Neuropsychology,
& Cognition, 4, 157-165.

Kramer, A. F., Hahn, S., & Gopher, D. (1999). Task coordination and
aging: Explorations of executive control processes in the task switch-
ing paradigm. Acta Psychologica, 101, 339-378.

Lima, S. D., Hale, S., & Myerson, J. (1991). How general is general
slowing? Evidence from the lexical domain. Psychology & Aging, 6,
416-425.

Lovie, S., & Lovie, P. (1991). Graphical methods for exploring data. In



NOTES AND COMMENT 237

P. Lovie & A. D. Lovie (Eds.), New developments in statistics for psy-
chology and the social sciences (Vol. 2, pp. 19-48). New York: Rout-
ledge.

Madden, D. J. (1982). Age differences and similarities in the improve-
ment of controlled search. Experimental Aging Research, 8, 91-98.

Madden, D. J. (1986). Adult age differences in the attentional capacity
demands of visual search. Cognitive Development, 1, 335-363.

Markoff, J. (1996, June 3). A quicker pace means no peace in the val-
ley. The New York Times, pp. D1, D8.

Maylor, E. A., & Rabbitt, P. M. A. (1993). Alcohol, reaction time and
memory: A meta-analysis. British Journal of Psychology, 84, 301-317.

Maylor, E. A., & Rabbitt, P. M. A. (1994). Applying Brinley plots to
individuals: Effects of aging on performance distributions in two
speeded tasks. Psychology & Aging, 9, 224-230.

Mayr, U., & Kliegl, R. (1993). Sequential and coordinative complex-
ity: Age-based processing limitations in figural transformations. Jour-
nal of Experimental Psychology: Learning,Memory, & Cognition, 19,
1297-1320.

Mayr, U., Kliegl, R., & Krampe, R. (1994). Time-accuracy functions
for determining process and person differences: An application to
cognitive aging. Cognitive Psychology, 26, 134-164.

Mayr, U., Kliegl, R., & Krampe, R. (1996). Sequential and coordina-
tive processing dynamics in figural transformations across the life
span. Cognition, 59, 61-90.

Menich, S. R., & Baron, A. (1990). Age-related effects of reinforced
practice on recognition memory: Consistent versus varied stimulus–
response relations. Journals of Gerontology: Psychological Sciences,
45, P88-P93.

Myerson, J., Hale, S., Wagstaff, D., Poon, L. W., & Smith, G. A.

(1990). The information-loss model: A mathematical theory of age-
related cognitive slowing. Psychological Review, 97, 475-487.

Myerson, J., Lawrence, B. M., Hale, S., Jenkins, L., & Chen, J.

(1998). General slowing of lexical and nonlexical information pro-
cessing in dementia of the Alzheimer type. Aging, Neuropsychology,
& Cognition, 5, 1-12.

Myerson,J., Wagstaff, D., & Hale, S. (1994).Brinley plots, explained
variance, and the analysis of age differences in response latencies.
Journal of Gerontology: Psychological Sciences, 49, P72-P80.

Nebes, R. D., & Brady, C. B. (1992). Generalized cognitive slowing
and severity of dementia in Alzheimer’s disease: Implications for the
interpretation of response-time data. Journal of Clinical & Experi-
mental Neuropsychology, 14, 317-326.

Perfect,T. (1994).What can Brinley plots tell us about cognitiveaging?
Journal of Gerontology: Psychological Sciences, 49, P60-P64.

Plude, D. J., & Doussard-Roosevelt, J. A. (1989). Aging, selective
attention, and feature integration. Psychology & Aging, 4, 98-105.

Plude, D. J., & Hoyer, W. J. (1986). Age and selectivity of visual in-
formation processing. Psychology & Aging, 1, 4-10.

Plude, D. J., Kaye, D. B., Hoyer, W. J., Post, T. A., Saynisch, M. J.,

& Hahn, M. V. (1983). Aging and visual search under consistent and
varied mapping. Developmental Psychology, 19, 508-512.

Puglisi, J. T., & Morrell, R. W. (1986). Age-related slowing in men-
tal rotation of three-dimensional objects. Experimental Aging Re-
search, 12, 217-220.

Ratcliff, R., Spieler, D., & McKoon, G. (2000). Explicitly modeling
the effects of aging on response time. Psychonomic Bulletin & Re-
view, 7, 1-25.

Salthouse, T. A. (1994). The nature of the influence of speed on adult
age differences in cognition.Developmental Psychology, 30, 240-259.

Salthouse, T. A., & Somberg, B. L. (1982). Isolating the age deficit
in speeded performance. Journal of Gerontology, 37, 59-63.

Schatz, J., Hale, S., & Myerson, J. (1998). Cerebellar contribution to
linguistic processing efficiency revealed by focal damage. Journal of
the International Neuropsychological Society, 4, 491-501.

Shepard, R. N., & Cooper, L. A. (1986). Mental images and their
transformations. Cambridge, MA: MIT Press.

Sliwinski, M., Buschke, H., Kuslansky, G., Senior, G., & Scaris-

brick, D. (1994). Proportional slowing and addition speed in old and
young adults. Psychology & Aging, 9, 72-80.

Sliwinski, M. J., & Hall, C. B. (1998). Task-dependent cognitive slow-

ing in the elderly: A meta-analysis using hierarchical linear models
with random coefficients. Psychology & Aging, 13, 164-175.

Stine, E. L., & Wingfield, A. (1988). Memorability functionsas an in-
dicator of qualitative age differences in text recall. Psychology &
Aging, 3, 179-183.

Strayer, D. L., & Kramer, A. F. (1994). Aging and skill acquisition:
Learning–performance distinctions.Psychology & Aging, 9, 589-605.

Verhaeghen,P., & De Meersman, L. (1998a). Aging and the negative
priming effect: A meta-analysis. Psychology & Aging, 13, 435-444.

Verhaeghen, P., & De Meersman, L. (1998b). Aging and the Stroop
effect: A meta-analysis. Psychology & Aging, 13, 120-126.

Verhaeghen, P., & Marcoen, A. (1993). Memory aging as a general
phenomenon: Episodic recall of older adults is a function of episodic
recall of young adults. Psychology & Aging, 8, 380-388.

White, D. A., Myerson, J., & Hale, S. (1997). How cognitive is psy-
chomotor slowing in depression? Evidence from a meta-analysis.
Aging, Neuropsychology, & Cognition, 4, 166-174.

Wilk, M. B., & Gnanadesikan, R. (1968). Probability plotting meth-
ods for the analysis of data. Biometrika, 55, 1-17.

Zacks, J. L., & Zacks, R. T. (1993). Visual search times assessed with-
out reaction times: A new method and an application to aging. Jour-
nal of Experimental Psychology: Human Perception & Performance,
19, 798-813.

Zheng, Y., Myerson, J., & Hale, S. (2000). Age and individual differ-
ences in information-processingspeed: Testing the magnification hy-
pothesis. Psychological Bulletin & Review, 7, 113-120.

NOTES

1. This estimate is based on the slope (1.67) of the regression line for
response times (RTs). Calculating the slope (1.69) of the regression for
processing times (where processing time is calculated as the observed re-
sponse time minus the sensory/motor time measured in a separate con-
dition) leads to the same conclusion. Note that because the Brinley plot
regression line has a negative intercept (2250 msec), the slope does not
equal the ratio of the mean RTs for the two groups (1.53). Such negative
intercepts are characteristic of cognitive aging data, and their interpreta-
tion is discussed in the following section (see “Slopes, intercepts, and
linear regression”). Although Brinley plots typically reveal linear rela-
tionships between condition mean RTs, over a broader range of RTs the
relationship may be described by a nonlinear function (e.g., Cerella,
1990; Hale, Myerson, & Wagstaff , 1987; Myerson, Hale, Wagstaff,
Poon,& Smith, 1990).Under these conditions, relative processing speed
corresponds to the derivative of the nonlinear function (i.e., the slope of
a tangent).

2. In mathematical terms, the Brinley plot regression line may be con-
sidered to be the path of two parametric equations, one for each group,
that are both functions of the same parameter. This parameter may be
the independent variable, as in the cases under present consideration, or
a more general construct such as processing load or task complexity
(e.g., Cerella, 1994; Hale et al., 1987; Myerson et al., 1990). For hypo-
thetical (error-free) data, the path may follow directly from the paramet-
ric representation. As we have just seen in our consideration of slopes
and standard deviation ratios, however, real data may diverge from what
is predicted in mathematically ideal cases; hence the need for empirical
tests like that undertaken here.

3. In addition to specific processes (i.e., mental rotation, visual search,
and memory scanning), all of these tasks have some cognitive processes
in common (e.g., pattern recognition and decision making). These com-
mon processes appear to slow by age to the same extent as visual search
and mental rotation processes. To determine the duration of these com-
mon processes, we estimated RTs for zero degrees of “mental rotation”
and “searching” or “scanning” of a single memory item and regressed the
estimates for older adults on the estimates for young adults. The slope of
the regression line was 1.79, which is statistically equivalent to the slope
of 1.83 for the mental rotation and visual search RTs [t(87) , 1.0].

(Manuscript received September 21, 2000;
revision accepted for publication January 26, 2002.)
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