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Jenkins, Myerson, Hale, and Fry (1999) showed that
slopes relating complex spans to simple spans were con
siderably smaller than one, indicating that persons with
higher simple spans suffered more interference when the
span task was combined with a processing demand. They
argued that this finding ruled out accounts of working
memory based on interference and/or inhibition of in
terferinq information. We demonstrate that the effect is
mainly an artifact from. regression to the mean, owing to
the lou' reliability ofspan scores as used by Jenkins et al.
Datafrom. 133 young adults for two verbal and two spa
tial span tasks Sh01D that the slopes relating complex to
simple performance are considerably higher for sum
scores than for span scores. Furthermore, an adequate
test.foran. interference or an inhibition account ofwork
ing memoru is to predict interferencefrom complex span
tasks, not.from simple span tasks. Interference effects in
the verbal span tasks were negatively correlated with an
independent measure ofworking memory capacity, con
sistent with the interference/inhibition. account.

In a recent article, Jenkins, Myerson, Hale, and Fry
( 1999) presented results that. on their interpretation,
question the validity of inhibition-based accounts of
working memory capacity. Basically, a meta-analysis of
data from their laboratory showed that the difference be
tween simple spans (i.e., memory spans without sec
ondary processing demand) and complex spans (i.e.,
spans with an additional processing demand) was larger
in people with higher simple spans. This was reflected in
slopes substantially less than one for the regression of
complex spans on simple spans. Jenkins et al. interpreted
the difference between simple and complex spans as an
interference effect resulting from the secondary task.
Notably, the inverse relationship between simple span
and the interference effect held only within age groups.
Differences in simple span between age groups were not
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accompanied by systematic variation in the interference
effect.

Jenkins et al. (1999) argued that this finding is incom
patible with the idea that individual differences in work
ing memory capacity (at least in age-homogeneous sam
ples) are related to differences in susceptibility to
interference and/or the capacity to inhibit irrelevant in
formation. Accounts based on interference and inhibi
tion, they argued, should predict the opposite pattern:
smaller, not larger, interference effects in people with
higher spans. As an alternative, they presented an ac
count based on decay from working memory. Assuming
a negatively accelerated decay function, the absolute
amount of decay over a constant time interval is larger
for a high-span person than for a low-span person. If
high- and low-span persons do not differ systematically
in the speed with which they perform the secondary task
(i.e., span and speed are uncorrelated), high spans are ex
pected to suffer a larger interference effect than do low
spans.

We disagree with this interpretation for both method
ological and conceptual reasons. On the methodological
side, we will argue that the slopes smaller than one are
most likely due to a statistical artifact, regression to the
mean. On the conceptual side, we will argue that simple
and complex spans do not measure the same construct
and that an inhibition account of working memory pre
dicts that people with higher complex spans show less in
terference but not necessarily that people with higher
simple spans show less interference. To illustrate our
point, we will present data that replicate the original
findings from Jenkins et al. (1999) but, in addition, allow
more thorough analyses that point toward an alternative
explanation. Our comment focuses on the issue of inter
ference and inhibition as a potential factor driving indi
vidual differences in working memory; it does not chal
lenge the conclusions regarding age differences drawn by
Jenkins et al. We do not wish to defend a particular the
ory that assumes that the ability to inhibit interfering in
formation underlies individual differences in working
memory capacity, but only to point out that the data pre
sented by Jenkins et al. do not justify the rejection of
such an account.

RELIABILITY AND
REGRESSION TO THE MEAN

The regression line relating two variables is crucially
dependent on the variable's reliability (Cohen & Cohen,
1983). In the extreme case, in which one variable has
zero reliability (i.e., consists exclusively of error vari
ance), the correlation between predictor and criterion is
zero, and the regression line will be flat. More generally,
everything else being equal. the slope of the regression
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line decreases with decreasing reliability of the variables
involved.

The span tasks used in the meta-analysis were scored
with the Wechsler digit span procedure, in which tasks of
increasing length are presented and the experimenter
discontinues testing whenever a participant fails to re
call correctly both lists ofa given length. This procedure
yields only a single value for each participant, so no di
rect estimates of reliability are available. Jenkins et al.
(1999) briefly discuss this problem and conclude that
measurement error does not compromise their conclu
sions, because the reliability of the traditional WAIS-R
Digit Span is known to be above .90.

We think that this is a highly questionable generaliza
tion. The reliability estimates in the Wechsler intelli
gence test manual are based on a representative sample
from the general population. The studies summarized in
Jenkins et al. (1999) recruited mainly undergraduates for
the young adult groups; this is most likely associated
with a restriction of range, thereby reducing the ratio of
true variance to total variance. Moreover, the span tasks
used by Jenkins et al. differed from the WAIS-R Digit
Span in several ways that could make a difference for
their reliability. For example, their presentation times per
item differed from those used in the WAIS-R. Perhaps
more important, their complex spans introduced an ad
ditional processing demand. This could turn the task into
one qualitatively different from the simple span as mea
sured in the WAIS-R; it might even measure a different
construct (Daneman & Carpenter, 1980; Engle, Tuhol
ski, Laughlin, & Conway, 1999). This concern is sup
ported by the fact that the correlations between simple
and complex spans were only .42 (for the two verbal
tasks) and .33 (for the two spatial tasks). Given that sim
ple and complex spans are highly similar and, therefore,
should share most of their task-specific variance, these
correlations are suspiciously low. This could indicate
that at least one of the two spans is not as reliable as is
assumed, or alternatively, that the two variables do not
measure the same construct. Either way, the assumption
that both spans have reliabilities ofat least.90 seems not
well grounded.

Since we have no knowledge about the reliability of
the span tasks involved in Jenkins et al.'s (1999) meta
analysis, it is difficult to assess to what degree the re
gression slopes smaller than one are an artifact of mea
surement error. Therefore, we decided to replicate their
kind ofanalysis on a data set ofour own with simple and
complex span tasks for which reliability estimates are
available.

METHOD

Participants
The participants were 133 students from the University of

Mannheim, who took part on 2 days oftesting involving various in
telligence and working memory tests. Their mean age was 25.8 years
(SD = 3.8), and 44% were female.

Materials and Procedure
Weanalyzed data from two simple spans (one verbal and one spa

tial) and their corresponding complex counterparts. All the tasks
were computer administered.

Word span task. A list of frequent German nouns (none longer
than 12 characters) was displayed one by one, each word for I sec,
in the center of the screen. Immediately after the last word, the par
ticipants attempted to write down the words in correct order on an
answer sheet containing the appropriate number of slots for each
list length. Following two practice trials, three trials for each list
length between four and eight words were presented in ascending
order oflist length.

Dual word span task. The dual-task version differed from the
the simple word span task in two ways. First, the memory list was
presented simultaneously for I sec times the number of words in
the list. Second, the presentation of the memory list was followed
by a fixed time interval, during which the participants had to per
form a choice reaction time task. This task involved classifying
words as referring to an animal or a plant by pressing one of two
keys on the computer keyboard. New stimuli were presented im
mediately after each reaction until a total of 5 sec has elapsed. The
participants were instructed to react as quickly and accurately as
possible in order to accomplish as many reaction time tasks as pos
sible in the 5-sec interval. After two practice trials, three trials of
each list length between three and seven words were administered
in ascending order.

Pattern span task. A sequence of partially filled 3 X 3 grids
was presented. Each pattern was shown for 3 sec. The series was re
produced immediately after the last pattern by marking the corre
sponding cells in empty matrices on the answer sheet. There were
five trials each for the list lengths of three to five, presented in as
cending order.

Dual pattern span task. The dual-task version was identical to
the simple pattern span, except for an additional processing de
mand, which consisted ofclassifying arrows as pointing upward or
downward. The processing task was again administered for a con
stant interval of 5 sec. There were five trials for each list length
from two to four.

Inboth cases, the simple span task immediately preceded the cor
responding dual-task version. Furthermore, the choice reaction
time tasks involved in the dual-task versions were administered as
single tasks about half an hour before, so the participants had a
moderate amount of practice with both components when they en
countered the dual-task versions.

Twoadditional tasks relevant in the present context were computer
administered versions of the reading span task (Daneman & Car
penter, 1980) and its numerical analogue, the computation span task
(Turner & Engle, 1989). The reading span task began with the pre
sentation of a number of short sentences, one by one, for 4 sec each.
The participants were required to evaluate the sentences as true or
false by pressing an appropriate key and to remember the last word
of each sentence. The last words had to be written down in correct
order after the last sentence of an item was presented. There were
II trials, with list length ranging from four to seven. The computa
tion span task used simple equations, involving addition or sub
traction of single digits, instead of sentences. The results of the
equations had to be recalled in correct order. There were II trials,
with list lengths varying from five to eight.

RESULTS

For each task, a sum score was computed as follows:
For each trial, the number ofwords or patterns reproduced
correctly at the correct ordinal position was counted, and
these numbers were added over all the trials. To compare
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Table 1
Mean Sum and Span Scores (with Standard Deviations) and

Reliability Estimates for Simple and Complex Spans

simple and complex spans on the sum measure, we used
only the trials with list lengths administered in both ver
sions (i.e., list lengths from four to seven for word span
tasks and from three to four for pattern span tasks). This
means that the list length ofeight (word span), list length
of three (dual word span), list length of five (pattern
span), and list length of two (dual pattern span) were not
included in the sum scores.

As a second score, we simulated a span procedure
with the data from the two word span tasks: For each list
length, we selected the first two of the three trials and
scored whether a participant succeeded in recalling per
fectly both lists, one list, or none ofthem. The third trial
ofeach list length was ignored in order to make our span
score parallel the span procedure ofJenkins et al. (1999)
as much as possible. Starting with the shortest list length
(i.e., four for the single and three for the dual word
spans), a participant's span was increased by one for each
list length for which he or she recalled at least one of the
two lists perfectly. This was done for increasing list
lengths, up to the shortest list length on which the par
ticipant failed on both trials. At this point, the scoring
procedure was stopped and all items from longer lists
were ignored, because two successive failures on a given
list length means that testing is discontinued in the usual
span procedure. The participant was credited with the
score reached up to this point (which equaled the list
length of the longest list passed at least once before the
first double failure). If only one of the two trials from the
previous list length was recalled correctly, span was de
creased by 0.5. Those participants who failed on the two
shortest lists were assigned a span equal to the shortest
list length minus one.

No span score was formed for pattern span, because
there were not enough different list lengths. Table I
summarizes the means and standard deviations for both
scores. In addition, we estimated the reliability of the
sum scores by Cronbach's alpha, which corresponds to
the mean ofall possible split-half reliability values ofthe
items entering into the score. No such reliability estima
tion was possible for the span scores, because they were
not defined as linear combinations of independent items.
Table 2 presents the correlations of the six variables.

Following the procedure of Jenkins et al. (1999), we
also conducted all the analyses after exclusion of those
participants whose spans could be underestimated be
cause they never reached a list length on which they
failed twice. The largest list length tested was eight for

Let r(x,x) denote the reliability of a sum score and
r(y,y) the reliability of the corresponding span score.
Equation 1 can now be solved for the unknown reliabil
ity r(y,y):

If sum scores (x) and span scores (y) measure the
same variable, their true correlation is one. Hence, we
can insert 1 for rtrue(x,y) and Cronbach's alpha values
from Table 1 for r(x,x) to compute an approximation for
r(y,y) from Equation 2. This yields reliability estimates
for the span scores of simple word span of .72 and for
complex (dual) word span of .74.

A second way to estimate the span scores' reliability
is to compute the correlation between the sum scores for
simple and complex tasks and correct for attenuation ac-

(2)
robs(x,y)2

r(y,y) = 2
rtrue(x,y) r(x,x)

simple word span and seven for dual word span, so we
excluded participants with simple word spans larger than
seven and those with complex word spans larger than six.
This reduced the sample size to 110. The analyses with
the reduced sample showed signs of a moderate restric
tion ofrange but did not alter any ofthe conclusions. We
therefore decided to present mainly the results from the
unrestricted sample and to add data from the reduced
sample in parentheses.

Several important observations can be made from
these data. First, complex span scores were not system
atically lower than the simple span scores, which is dif
ferent from what Jenkins et al. (1999) found. This could
mean that there was not much interference at all in the
complex span tasks. Alternatively, the interference that
did occur was outweighed by the moderate amount of
practice with the memory tasks that the participants al
ready had when they first attacked the dual-task ver
sions. In any case, we will see that the absolute amount
of interference is not crucial to our argument.

A second phenomenon to notice is the surprisingly
low correlation between the sum scores and the span
scores from the same tasks. These two scores are sup
posed to measure the same variable. In addition, the cor
relations between simple and complex word span tasks
were much higher for the sum scores (.72) than for the
span scores (.46). Note that the latter value is compara
ble with the task intercorrelations reported by Jenkins
et al. (1999). Both findings together lead us to suspect
that the span scores had low reliability. We cannot assess
their reliability directly, but if we assume that sum scores
and span scores measure the same variable, there are two
ways to do so indirectly.

An observed correlation robs(x,y) can be expressed as
a function of the true correlation rtrue(x,y) and the relia
bilities of the variables involved (Cohen & Cohen, 1983,
Equation 2.11.4):

robs (x,y) = rtrue(x,y)~ r(x,x )r(y,y) . (1)

.80

.78

.76

.77

Cronbach's Alpha
(Sum Score)

46.9 8.7 4.75 1.13
45.3 10.4 4.80 1.28
22.2 5.1
24.5 5.7

Sum Score Span

M SD M SD

Wordspan
Dual word span
Pattern span
Dual pattern span
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Table 2
Intercorrelations of Sum Scores and Spans

Dual Word Span Pattern Span Dual Pattern Span Word Span Dual Word Span
(Sum) (Sum) (Sum) (Span) (Span)

Word span (sum) .72 .23 .17 .76(.72) .60(.51)
Dual word span (sum) .27 .26 .56 (.48) .76 (.66)
Pattern span (sum) .67 .17(-.04) .15(-.01)
Dual pattern span (sum) .17(.08) .12(.01)
Word span (span) .46 (.34)

Note-Correlations >.15 are significant at p < .05. Values in parentheses refer to a reduced sample (N = 110), from which
the participants with simple spans >7 or complex spans >6 were excluded.

(3)

cording to Equation 1. This means solving Equation 1
for rtrue(x,y), which is taken to represent the true corre
lation between the sum scores of simple and complex
spans. With the reliabilities for the two variables (see
Table 1), we can estimate their true correlation from the
observed correlation. This yields an estimate for the true
correlation between simple and complex word spans of
r = .91. The same true correlation should hold for the
span scores of simple and complex word spans, because
they are assumed to measure the same two constructs.
From this, we can obtain an estimation for the joint reli
ability of the two span scores, r(x,x) r(y,y), by trans
forming Equation 2:

r (x,Yi
r(y,y)r(x,x) = ob, 2

rtrue(x,y)

If we assume for simplicity that the two span scores
have equal reliability, this reliability equals the square
root of r(x,x)r(y,y), which is .51. The bottom line is that
the span scores must be assumed to have a reliability of
between .51 and .74, considerably lower than that of the
sum scores.

Next, we estimated the regression line for the predic
tion ofcomplex spans from simple spans. The results are
summarized in Table3. The upper panel of Figure 1 shows
the scatterplot for the sum scores of word span as an il
lustrative example.

As can be seen, the slopes were considerably lower
than one in all three cases, thus reproducing the findings
of Jenkins et al. (1999). It is also clear, however, that the
slope was much lower for the span scores than for the
sum scores of word span. This is a direct consequence of
the lower task intercorrelation for the span scores and,
most likely, a result of the span scores' lower reliability.
It might seem surprising that we could reproduce the pat-

Table 3
Regressions of Dual Tasks on Simple Tasks

Slope Intercept R2

Word span (sum) 0.85 5.28 0.51
Pattern span (sum) 0.74 7.96 0.44
Word span (span) 0.53 (0.40) 2.30 (2.62) 0.22 (0.12)

Note-Values in parentheses refer to a reduced sample (N = 110), from
which the participants with simple spans >7 or complex spans >6 were
excluded.

tern found by Jenkins et al. even though there was no
mean effect of interference in our data: How can there be
more interference in high-span individuals than in low
span individuals if there is no evidence of interference
overall? The answer is that the phenomenon observed by
Jenkins et al.-shallow slopes relating complex to sim
ple spans-does not necessarily reflect the amount of in
terference suffered by individuals. The shallow slopes
are simply a by-product of the comparatively low corre
lation between simple and complex spans. This low cor
relation is at least in part due to the unreliability of the
span measures.

The powerful effect of regression to the mean can be
illustrated by reversing the x- and y-axes of the regres
sion lines. If Jenkins et al. (1999) were right in claiming
that low-span individuals experience less interference
than do high-span individuals, the slopes of simple span
plotted over complex span should be larger than one.
Following the line of argument proposed by Jenkins
et aI., the interference cost in this kind of plot would be
the deviation of the regression line above the main diag
onal (i.e., the advantage of single task scores above dual
task scores). The lower panel of Figure I shows such a
reversed plot for the sum scores of the two word span
tasks. As can be seen, the slope is again smaller than one.
Taken together, the two analyses visualized in Figure I
show that regression to the mean can produce slopes
considerably smaller than one, regardless of which vari
able is used as the predictor and which as the criterion!

SHORT-TERM MEMORY AND
WORKING MEMORY

We believe, however, that reliability and regression to
the mean is not the full story. Even with perfect reliabil
ity, simple and complex span tasks will not be perfectly
correlated. This brings us to our second, conceptual ar
gument. There is good evidence in the literature that sim
ple and complex memory span tasks do not measure the
same construct (Cantor, Engle, & Hamilton, 1991; Dane
man & Carpenter, 1980; Daneman & Merikle, 1996;
Engle et aI., 1999; Oberauer, 1993). Simple spans and
complex spans tend to load on different factors and cor
relate with different external criteria. In particular, sim
ple spans are notoriously bad predictors of complex rea
soning, whereas complex spans predict reasoning ability
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Figure I. Scatterplots of dual word span over simple word span, sum scores (top
panel), and simple word span over dual word span, sum scores (bottom panel). The
broken line represents the estimated regression line; the continuous line represents the
main diagonal (slope = 1). N= 133.

well. This led investigators to the assumption that com
plex span tasks, but not simple span tasks, measure work
ing memory capacity (e.g., Daneman & Carpenter,
1980). Jenkins et aI. (1999) explicitly disagreed with this
position, stating that "simple word span tasks also ex
emplify the use of working memory" (p. 28) according
to Baddeley (1986). This is certainly true if we consider
the whole working memory system as envisioned by
Baddeley, including the phonological loop. Researchers
drawing a distinction between simple and complex span
measures, however, maintain that simple spans reflect
mainly the capacity of a peripheral system, such as the
phonological loop, whereas complex spans reflect the
capacity ofthe central component ofworking memory to
a much larger degree (e.g., Cantor et aI., 1991). There
fore, from Baddeley's framework, one would predict that
simple and complex spans are not perfectly correlated-

although both reflect an aspect of working memory
and this is in full accordance with the facts.

Theories of working memory that assign interference
and inhibition a central role for individual differences
are concerned mainly with the central executive, not
with the slave systems in Baddeley's (1986) model (e.g.,
Engle, Kane, & Tuholski, 1999). This implies that indi
vidual differences in complex span, but not necessarily
individual differences in simple span, reflect individual
differences in susceptibility to interference and the ca
pacity to inhibit irrelevant information. And ofcourse, it
is only the complex span, not the simple span variant, in
which the issue of inhibiting irrelevant information
arises at all, because only the complex spans require that
the representations used in the secondary tasks be sup
pressed quickly when no longer necessary. It follows that
an interference/inhibition account of working memory
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capacity does predict that individuals with higher com
plex spans will experience less interference than people
with lower complex spans. But it does not predict that
persons with higher simple spans will experience less in
terference.

This implies that the slope of the regression line with
simple span tasks as predictors and complex tasks as cri
teria is not an adequate test for an inhibition-based ac
countof working memory. The complex span tasks, but
not the simple span tasks, can be regarded as good mea
sures of the central executive's capacity. Therefore, a
working memory model based on inhibition or interfer
ence makes the straightforward prediction that individu
als with high complex span will experience less interfer
ence than will individuals with low complex span. In
terms of regression analysis, this means that the regres
sion slope for simple span as a function ofcomplex span
will be smaller than one (and the intercept will be posi
tive). This is so because the interference effect, measured
as the difference between simple and complex spans, is
predicted to decrease with higher complex spans. Un
fortunately, the same artifact of regression to the mean
that led Jenkins et al. (1999) to reject the inhibition hy
pothesis will work in favor of the hypothesis in this
analysis (for an illustration, see Figure I). One way to
test the inhibition hypothesis could be to measure com
plex span and the interference effect separately. The min
imal design necessary for this test includes one pair of
measures for simple and complex span tasks and an ad
ditional, independent measure ofcomplex span. The first
two tasks can be used to obtain the simple-to-complex
difference; the second complex task can be used to pre
dict this difference. An interference/inhibition account
should predict a negative covariation between the dif
ference score and the independent estimate of complex
span.

Fortunately, there were two additional complex span
tasks available in our study that could be used as inde
pendent predictors for the interference effects in the
word span and the pattern span tasks. We built sum
scores for reading span and computation span and cor
related them with the differences between the simple and
the complex versions ofthe two other span tasks (the dif
ferences were computed from the sum scores). The dif
ference ofsimple and complex word spans correlated -.41
with reading span and - .33 with computation span; both
correlations were highly significant. Figure 2 plots the
simple-to-complex differences as a function of reading
span. The difference of simple and complex pattern
spans correlated - .05 and .0 I with the two predictors,
which was not significant. Thus, the predicted negative
correlation between complex span and the interference
effect was obtained when all the tasks used material from
the verbal-numerical domain. There was no evidence for
a relationship between predictors involving verbal
numerical materials and the interference effect com
puted from spatial tasks. This difference could be a hint
that the ability to resist interference is domain specific.
But as long as it is not replicated with a different set of
tasks, it could as well be accidental and should, there
fore, be interpreted cautiously. The important point is
that there was no positive association between the inter
ference effect and an independent measure of complex
span.

DISCUSSION

The data and analyses presented above show several
important points. The slope ofthe regression line for com
plex span scores as a function of simple span scores was
consistently smaller than one, in agreement with the
findings from Jenkins et al. (1999). When the same data



were analyzed using sum scores, the slopes were much
higher, but still smaller than one.

The substantial difference between sum scores and
span scores is most likely due to the low reliability of the
latter. Although the span's reliability cannot be estimated
directly from the present data, we obtained converging
indirect evidence that the span scores have low reliabil
ity. This evidence involves the relatively low correlation
of span and sum scores computed from the same raw
data and the comparatively low correlation between sim
ple and complex span scores. One reason why the span
scores had lower reliability than the sum scores is that
the former included only two items for each list length,
as in the Jenkins et al. (1999) studies, whereas the latter
included three. A more general reason why span scores
have low reliability could be that the scoring procedure
throws away information. First, each item is only scored
as passed or failed; the number of list elements recalled
correctly is not measured. Second, after a participant
fails twice on a given list length, his or her performance
on longer lists is no longer considered.

We conclude that the findings of Jenkins et al. (1999)
do not rule out a working memory model based on in
terference and inhibition. The positive covariation be
tween simple span and the "interference effect" they ob
served is, in large part, an artifact from regression to the
mean, owing to low reliability ofthe span scores. The re
maining true positive covariation is not relevant for a
working memory theory based on interference and inhi
bition, because interference is only predicted to be low
for people with high scores on complex span tasks. An
unbiased test of this prediction requires that the differ
ence between simple and complex span scores-that is,
the interference effect-be measured independently
from the complex span score that is used as its predictor.
Preliminary evidence from our data is consistent with the
prediction of the interference/inhibition account. More
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systematic research, however, is required to test the gen
erality of this finding-in particular, in a constellation
of tasks that elicit larger mean interference costs.
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