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Validating running memory span:
Measurement of working memory capacity
and links with fluid intelligence

JAMES M. BROADWAY AND RANDALL W. ENGLE
Georgia Institute of Technology, Atlanta, Georgia

We manipulated running memory span tasks to examine effects on recall and relations with criterion mea-
sures of working memory capacity and general fluid intelligence. The goal of the manipulations was to limit or
enhance opportunities for active input processing and response preparation in advance of test. We manipulated
presentation rate in Experiment 1. Recall was higher at slow than at fast rates, but correlations with criterion
measures were much the same across rate conditions. In Experiment 2, we manipulated the time at which the
number of items to report was made known to the participants. They were given that information in advance
(precue) or at test (postcue). Recall scores and correlations with criterion measures were much the same across
cuing conditions. We conclude that running memory span provides valid measurement of working memory
capacity that is predictive of higher order cognition across a wide range of conditions.

Using a combination of experimental and differential
approaches, psychologists have sought to isolate compo-
nents of a general cognitive architecture that might explain
the fact that individual differences in intellectual abilities
are strongly interrelated across a wide range of domains,
such as length comparison, reading comprehension, and
abstract reasoning (Deary, 2000; Sternberg, 1979). Work-
ing memory (Baddeley & Hitch, 1974) has been identified
as a strong candidate for this explanatory role (Conway
et al., 2005; Deary, 2000; Engle, Tuholski, Laughlin, &
Conway, 1999). Working memory is defined theoretically
as the work space of the mind, a system for accessing
goal-relevant information as needed to support complex
cognition. This theoretical definition is supported by
widespread observations (for a review, see Engle & Kane,
2004). Working memory capacity is important for under-
standing phenomena across a range of applied psycho-
logical disciplines, including clinical, social, educational,
and neuropsychological fields, and is an important execu-
tive function or frontal lobe ability (Conway et al., 2005;
Kane & Engle, 2002; Miyake et al., 2000).

Working memory is a complex system, comprised of
multiple component processes for maintaining, access-
ing, manipulating, and coordinating information (Ober-
auer, Sii}, Wilhelm, & Wittman, 2003; Unsworth & Engle,
2007). Therefore, researchers have sought to isolate hypo-
thetical working memory processes specifically responsi-
ble for observed links between working memory capacity
and complex cognition. Current theories differ in detail
and emphasis, but there is a growing consensus that exec-
utive, attention-related processes are critical to these links

(Cowan et al., 2005; Engle & Kane, 2004; Kane et al.,
2004; Lépine, Barrouillet, & Camos, 2005; Unsworth
& Engle, 2007; Unsworth, Redick, Heitz, Broadway, &
Engle, 2009).

In the present work, we sought to isolate the working
memory processes responsible for links with general
fluid intelligence by manipulating basic characteristics
of a classic short-term memory task: running memory
span (Pollack, Johnson, & Knaff, 1959). Our goal was to
limit the contributions to performance from a hypothetical
working memory process and to observe whether correla-
tions with criterion tests of mental abilities were thereby
affected (Deary, 2000).

Running Memory Span

Participants in running memory span tasks report the
last n items from lists that are m + » items long. In this
article, the last n items that are to be reported are called
targets. The m + n items that are presented are called in-
puts. Partial recall trials (m > 0) occur when more items
are shown than are to be recalled. In contrast, whole re-
call trials (m = 0) occur when the same number of items
is shown as is to be recalled (Mukunda & Hall, 1992).
Including whole recall trials in running memory span is
assumed to discourage the participants from selectively
ignoring early inputs on the basis of expectations that
these items will not be tested (catch trials; Morris & Jones,
1990). A broad distinction between active and passive ap-
proaches to performing running memory span tasks has
been influential since the pioneering work of Hockey
(1973; see also Bunting, Cowan, & Saults, 2006; Elosua
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& Ruiz, 2008; Palladino & Jarrold, 2008; Ruiz, Elosta, &
Lechuga, 2005) and informs the organization of the pres-
ent research.

A person might try to prepare responses in advance of
a test, perhaps by rehearsing and grouping targets (active
input processing). Alternatively, a person might wait to
prepare responses until the time of test, after inputs have
terminated (passive input processing). A common view
of running memory span corresponds to active input pro-
cessing: Performance reflects working memory updating
in the form of dynamic phonological rehearsal and group-
ing in advance of the test (Conway et al., 2005; Engle
& Kane, 2004; Friedman et al., 2006; Morris & Jones,
1990). Working memory updating, as measured by run-
ning memory span, has been identified as an important
executive function that correlates strongly with fluid intel-
ligence (Friedman et al., 2006). A contemporary alterna-
tive view of running memory span corresponds to pas-
sive input processing: Performance reflects the number
of items that can be extracted from sensory memory into
the focus of attention at the time of the test (Cowan, 2001;
Cowan et al., 2005).

It is widely supposed that running memory span elic-
its different strategies from participants as a function of
variables such as presentation rate (Bunting et al., 20006;
Hockey, 1973; Postle, 2003). Consistent with this per-
ceived sensitivity to conditions, running memory span
has been adapted to measure widely differing processes
such as working memory updating and maintenance in
the focus of attention. Whether active or passive input
processing approaches were induced, strong relations to
higher order cognition were observed in separate studies
(Cowan et al., 2005; Friedman et al., 2006). We thought
that evidence for the separation of these two important
working memory constructs might be obtained within
a single sample, by examining responses in conditions
favorable for their distinct measurement. Alternatively,
boundaries might be established for the range of condi-
tions under which running memory span can yield valid
measurement of working memory capacity.

Overview of Experiments

We arranged conditions in two experiments that either
supported or limited active input processing, in order to
distinguish this approach from passive input process-
ing. In addition, our parametric exploration of running
memory span enabled us to assess the range of condi-
tions under which the task can yield valid measurement
of working memory capacity. To process inputs actively
and prepare responses in advance of test, it would help
to have relatively long, empty intervals between succes-
sive inputs. In Experiment 1, we examined the effects of
presentation rate. Participants encoded inputs at a fast
rate or at a slow rate (one item every 500 msec or every
2,000 msec). To process inputs actively, it would help to
know in advance how many items to report. In Experi-
ment 2, participants learned how many items to report
before inputs were presented or else at the time of test
(precue or postcue).

EXPERIMENT 1

Predictions

We expected to dissociate active and passive input pro-
cessing approaches to running memory span and to observe
different relations with reference abilities of working mem-
ory capacity and general fluid intelligence. We expected
that responses across running span conditions would not
identify the same individual differences in these reference
abilities. Alternatively, we expected to find boundaries on
the range of conditions under which running memory span
yields valid working memory capacity measurement.

Method

Participants. A total of 89 individuals (57 women and 32 men)
participated in Experiment 1. The participants in both experiments
were recruited from the Atlanta community through advertisements
or through the undergraduate research pool; were between the ages of
18 and 35 years, inclusive (Experiment 1, M = 23.6 years); reported
normal or corrected-to-normal hearing and vision; were fluent in
English; and were compensated with a check or partial course credit.

Procedure. All tasks were programmed in E-Prime experimental
software (Schneider, Eschman, & Zuccolotto, 2002) and adminis-
tered to participants seated at a comfortable distance from a personal
computer. The participants performed all tasks alone in a sound-
attenuated room. A trained research assistant entered the room to
begin each program when summoned by the participant’s press of an
intercom button. The research assistant stayed with the participant
during practice trials to ensure that task requirements were under-
stood and left at the start of real trials. The participants were made
aware that they would be monitored by closed-circuit television
when the research assistant was absent from the room.

Individuals participated in Experiment 1 after first visiting the lab
to perform three complex-span tasks—operation span (OSpan), read-
ing span (RSpan), and symmetry span (SymSpan)—and one general
fluid intelligence task—a subset of twelve problems from Raven s
standard progressive matrices (RavSetA; Raven, Raven, & Court,
1998)—in a 60-min session. In the OSpan task (Unsworth, Heitz,
Schrock, & Engle, 2005), the participants solved simple math equa-
tions between presentations of to-be-remembered letters (F, H, J, K, L,
N, P, Q, R, S, T, orY). After between three and seven of these paired
events (set size randomly determined), a cue prompted the partici-
pants to report the letters in order. The participants responded by click-
ing on the cells of a 4 X 3 grid displaying the 12 letters of the pool of
items from which the to-be-remembered letters were sampled across
trials. The RSpan task was identical to the OSpan task, except that the
participants judged whether a sentence made sense in between encod-
ing the to-be-remembered letters. The participants in the SymSpan
task (Unsworth et al., 2009) judged whether black-and-white images
were symmetrical in between encoding the location in a 4 X 4 grid
in which a red square appeared. After between two and five of these
paired events (randomly determined), a cue prompted the participants
to report the square locations in order. Responses were made by click-
ing on the cells of a blank 4 X 4 grid in the correct order. There were
three trials for each set size in each complex-span task.

The responses in the span tasks were constrained to forward order.
To maintain the correct serial position of recalled items with respect
to their position in the exposed list, the participants were instructed
to click on a blank option for each item that could not be recalled
(i.e., strict serial position scoring was applied to the response se-
quences). One point was assigned for each item correctly chosen
in the correct serial position. For example, if four items—IJ, K, L,
and T—were to be reported, responding “J blank L T” would re-
ceive 3 points, but responding “J L T would receive 1 point. The
maximum score possible in the OSpan and RSpan tasks was 75; the
maximum score possible in the SymSpan task was 42.
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For the RavSetA task (Raven et al., 1998), the participants had
5 min to complete 12 spatial-reasoning problems. Each problem
presented a rectangular matrix of geometric figures with a missing
element. The participants selected from an array of choices at the
bottom of the screen the figure that would complete the overall pat-
tern of the matrix.

The participants returned to the lab to perform running memory
span tasks and an additional general fluid intelligence test—the Ship-
ley abstraction series (Zachary, 1986)—in a second 60-min session.
The participants had 5 min to complete 20 incomplete alphanumeric
series presented individually on the screen, one after the other. The
participants were required to type in the letter(s), number(s), or word
that would complete the series. One point was assigned for each cor-
rect response in the RavSetA and Shipley tasks.

In the running memory span tasks, the participants were in-
structed to report the last n letters (target length = 3,4, 5, 6, 7, or
8 letters) from lists constructed from the same set of letters as in
the OSpan and RSpan tasks. The letters were presented sequentially
in the center of the screen in black 18-pt font against a gray back-
ground. There were six trials for each target length in each running
memory span task. Three trials for each target length presented lists
in which m = 0 distractors preceded the targets (whole recall trials).
One trial for each target length presented lists in which m = 1, 2,
or 3 distractors preceded the targets (partial recall trials). The target
lengths were blocked (randomly ordered), and the number of dis-
tractors preceding the targets was randomized within blocks. The
participants were informed at the start of a block how many letters
to report from each list in that block.

The participants experienced both input-rate conditions (one let-
ter every 500 msec vs. one every 2,000 msec) successively, with rate
order counterbalanced across participants. Stimulus duration was
300 msec; the interstimulus interval was 200 msec and 1,700 msec
for the 500- and 2,000-msec input-rate conditions, respectively.
After the inputs terminated for a trial, the participants made their
responses by clicking the cells of a 3 X 4 grid displaying all let-
ters from the set of possible letters. The response screen reminded
the participants how many letters to report. As in the complex-span
tasks, strict serial position scoring was applied to the response se-
quences. One point was assigned for each item correctly chosen in
correct serial position, with respect to the set of the last n targets, not
the whole m + n input sequence. For example, if the last four items
were to be reported from an input sequence that was five items long
(e.g., JLK T R), aresponse of “L K T R” would receive 4 points,
but a response of “J L K T”” would receive 0 points. The maximum
possible score for partial recall trials, where targets were preceded
by distractors, was 99.

Results
The data were screened for outliers and influential data
points by inspecting scatterplots and histograms and by

computing Mahalanobis distance and Cook’s D for each
participant (Stevens, 2002). One individual was excluded
as a result. Working memory updating is assumed to be
unnecessary in whole recall trials, where targets are not
preceded by distractors (Morris & Jones, 1990). There-
fore, the data from the whole recall trials were ignored in
the following analyses. The following analyses included
data from the running memory span partial recall trials,
where targets were preceded by distractors.

The running memory span scores were higher when the
presentation rate was slow than when it was fast [F(1,87) =
53.32,p = .001, »3 = .38]. However, correlations between
running memory span and criterion measures were not
different across input-rate conditions (Table 1). The cor-
relation between running memory span conditions did not
approach unity but did approach the limits of the reliability
estimates and was as high as the intercorrelations among
the complex-span working memory measures. The corre-
lation between running memory span conditions (r = .776)
and a 95% confidence interval constructed around it (.734,
.818) overlapped with the average intercorrelation among
complex-span measures of working memory capacity (» =
.778) and a 95% confidence interval constructed around it
(.736, .820). This result suggests that working memory ca-
pacity was measured consistently by running memory span
across presentation rate conditions. No differences between
correlated correlations (i.e., between performances of ei-
ther running memory span task and a given criterion task)
were statistically significant (Meng, Rosenthal, & Rubin,
1992). Notably, performance of running memory span in
either condition was as strongly related to general fluid
intelligence as was performance of complex-span work-
ing memory measures. A single principal component with
eigenvalue > | was extracted, accounting for 63.88% of
total variance.

Discussion

We did not find evidence for separate working memory
strategies by manipulating presentation rate in running
memory span. The recall scores were indeed higher when
the inputs were presented at a slow rate than at a fast rate,
but, more importantly, the relations to criterion measures
of working memory capacity and general fluid intelli-
gence were not changed. Since the measurement of work-

Table 1
Descriptive Statistics and Correlations for Experiment 1

Correlation

Measure M SD 1 2 3 4 5 6 7
1. OSpan 53.63 16.95  (.843)
2. RSpan 48.36 17.76 .819 (.869)
3.SymSpan  23.55 9.48 717 798 (.843)
4. RavSetA 7.83 2.29 .386 468 459 (.665)
5. Shipley 14.06 3.09 415 464 567 618 (.849)
6.2,000 43.49 19.13 .545 .608 .560 449 .615 (.864)
7.500 3391 17.24 492 579 612 523 .615 776 (.817)

Note—Coefficient alpha reliability estimates are on the diagonal. All correlations were statistically
significant (p < .01). N = 88. OSpan, operation-span task; RSpan, reading-span task; SymSpan,
symmetry-span task; RavSetA, Raven’s standard progressive matrices; Shipley, Shipley abstraction
series; 2,000, running memory span task with a presentation rate of one input item every 2,000 msec;
500, running memory span task with a presentation rate of one input item every 500 msec.
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ing memory capacity and the prediction of general fluid
intelligence did not differ much across the fast and slow
conditions, it can be inferred that the participants took es-
sentially the same approach to performing the task. This
suggests that a slow presentation rate was not sufficient
to induce the participants to rehearse to-be-remembered
items in running memory span (cf. Bunting et al., 2006). It
appears that the participants across the running span con-
ditions were discouraged from taking an active approach,
probably because of uncertainty during inputs regarding
the number of items that would ultimately be shown and
thus the identity of items that would be defined as targets
at test (Cowan et al., 2005; Elosua & Ruiz, 2008; Palla-
dino & Jarrold, 2008).

On a more positive note, the present results demonstrate
that running memory span yields consistent measurement
of working memory capacity across widely differing con-
ditions. Notably, most of the variance predicted in gen-
eral fluid intelligence was shared across types of working
memory measure, complex spans, and running memory
spans, suggesting that a common working memory capac-
ity was measured. This is consistent with previous reports
(Cowan et al., 2005; Tucker-Drob & Salthouse, 2009).

EXPERIMENT 2

We were not able to distinguish individual differences
in working memory strategies by manipulating the time
between inputs in a running memory span task. However,
against the results of our Experiment 1 there stands a larger
body of research supporting the idea that participants
spontaneously rehearse and group to-be-remembered
items unless strong experimental controls are imposed
(Watkins, 1989). Therefore, we wished to give active input
processing another chance to be distinguished. We took a
different approach in Experiment 2.

First, we gave the participants even more time between
inputs. Presentation rate was constant across conditions
and relatively slow (one item every 2,500 msec). Second,
we examined the effects of cuing (precue or postcue). We
assumed that informing the participants how many items
to report before inputs (precue) would support active
input processing. We assumed that withholding that infor-
mation until test (postcue) would discourage active input
processing. Note that as in the postcue (as well as precue)
condition, the participants were left free to rehearse and
group an arbitrary set of items of their own choosing, with
or without knowledge of the experimenter-defined tar-
get set (Henson, 1998), but we assumed that this strategy
would be more effective in the precue condition than in
the postcue condition, precisely because of the reported
experimenter-defined target set.

In Experiment 1, the number of m + » inputs was not
strictly independent of the number of n targets, because the
number of inputs always exceeded the number of targets
according to an incremental scheme (i.e., m = 0, 1, 2, or
3 distractors, always preceding the targets, although m was
randomly determined on each trial). Learning this relation
between the number of m + » inputs and number of » tar-

gets could provide the participants with information that
could be used to prepare responses even in a postcued ver-
sion of running memory span. For example, after viewing
seven inputs in a particular trial, a participant could safely
infer that recall of three items would not be required at
test, because no target set was ever preceded by more than
three distractors. Thus, a participant could infer that recall
of more than three items would be required on such trials.
In addition, this relation between the number of inputs and
the number of targets entails that on a large proportion of
trials, the participants might be able to memorize the en-
tire input sequence and later selectively report the defined
target set. In Experiment 2, we controlled these alterna-
tive approaches to performing running memory span by
including an input-length condition (between subjects) in
which the number of m + n inputs was independent of the
number of n targets, and the input sequences uniformly
exceeded typical span limits.

Predictions

Again, we expected to dissociate active and passive
input-processing approaches to running memory span and
to observe different relations with reference abilities of
working memory capacity and general fluid intelligence.
We expected that responses across the running span con-
ditions would not identify the same individual differences
in reference abilities. Alternatively, we expected to find
boundaries on the range of conditions under which run-
ning memory span yields valid working memory capacity
measurement.

Method

Participants. A total of 294 individuals participated in this ex-
periment (153 women and 141 men). The participants were between
18 and 35 years old, inclusive (M = 23.9 years). None of these par-
ticipants had participated in the previous experiment.

Procedure. The participants performed running memory span
tasks in a 90-min session after first performing two complex-span
tasks and three general fluid intelligence tasks. The complex-
span tasks were the same OSpan and SymSpan tasks used in Experi-
ment 1. We changed the general fluid intelligence tasks from those
in Experiment 1 in order to generalize to other measures and be-
cause one had shown notably weak reliability in Experiment 1 (the
RavSetA task).

The participants had 10 min to complete the 18 odd-numbered
problems from Raven’s Advanced Progressive Matrices (Raven
et al., 1998). One point was assigned for each correct response
within the time limit. The letter-sets task (Ekstrom, French, Har-
man, & Derman, 1976) required the participants to identify a group
of letters that violated a pattern defined by four other letter groups.
The participants had 5 min to complete 20 problems, and 1 point was
assigned for each correct response. The number-series task (Thur-
stone, 1938) required the participants to choose a number from a
set of alternatives that would complete a pattern defined by a nu-
meric series displayed above. The participants had 5 min to complete
15 problems, and 1 point was assigned for each correct response.

In all running memory span tasks in Experiment 2, the partici-
pants were instructed to report the last n (target length = 3,4, 5, or 6)
letters from lists constructed from the same set of possible letters as
were those in Experiment 1. The stimuli were presented visually, as
in Experiment 1. There were three trials for each target length. The
stimuli were presented for 300 msec, with an interstimulus interval
of 2,200 msec in all conditions. Thus, the input rate in all running
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Table 2
Descriptive Statistics and Correlations for Experiment 2,
Dependent Input-Length Condition

Correlation

Measure M SD 1 2 3 4 5 6 7
1. OSpan 56.48 14.92  (.834)
2.SymSpan  26.22 8.57 .588 (.773)
3.RAPM 8.45 3.68 501 .563 (.792)
4. LetSet 9.75 3.21 373 415 536 (.728)
5. NumSer 8.44 3.26 481 .568 671 610 (.794)
6. Precue 22.16 8.65 .566 518 585 .502 .615 (.758)
7. Postcue 21.62 9.17 591 462 521 408 524 785 (.807)

Note—Coefficient alpha reliability estimates are on the diagonal. All correlations were statistically sig-
nificant (p < .01). N = 151. OSpan, operation-span task; SymSpan, symmetry-span task; RAPM, Ra-
ven’s advanced progressive matrices; LetSet, letter-set task; NumSer, number-series task; Precue, run-
ning memory span in the precue condition; Postcue, running memory span in the postcue condition.

Table 3
Descriptive Statistics and Correlations for Experiment 2,
Independent Input-Length Condition

Correlation

Measure M SD 1 2 3 4 5 6 7
1. Ospan 56.32 1520  (.845)
2. SymSpan  26.36 8.49 573 (.745)
3.RAPM 8.53 345 424 617 (.760)
4. LetSet 9.71 3.46 428 .536 433 (.768)
5. NumSer 8.69 2.95 .507 .639 .606 .616 (.746)
6. Precue 32.80 11.16 .569 .560 .386 496 452 (.769)
7. Postcue 31.55  12.06 .563 .563 528 400 497 .684 (.810)

Note—Coefficient alpha reliability estimates are on the diagonal. All correlations were statistically sig-
nificant (p < .01). N = 143. OSpan, operation-span task; SymSpan, symmetry-span task; RAPM, Ra-
ven’s advanced progressive matrices; LetSet, letter-set task; NumSer, number-series task; Precue, run-
ning memory span in the precue condition; Postcue, running memory span in the postcue condition.

span tasks in Experiment 2 was one item every 2,500 msec, slower
than the slow rate in Experiment 1.

The participants were instructed how many targets to report in
advance of the input sequence (precue), as in Experiment 1, or else
they had to wait until the recall screen to learn this information
(postcue). In the precue condition, target lengths were blocked (ran-
domly ordered), and the number of distractors preceding the targets
was randomized within blocks, as in Experiment 1. The participants
were informed at the start of a block how many letters to report
from each list in that block, as in Experiment 1. The response screen
reminded the participants how many letters to report. In the postcue
condition, target lengths, as well as the number of distractors preced-
ing the targets, were fully randomized. The response screen gave the
participants their only source of information regarding how many
letters to report. Cuing conditions were experienced successively by
all of the participants, and the order of cuing was counterbalanced
across participants.

A between-subjects manipulation of input length varied the
dependence of input length on target sequence lengths. This also
provided a condition in which the total number of inputs always
exceeded typical span limits, to prevent the participants from memo-
rizing input sequences entirely and later selectively reporting tar-
gets. Approximately half of the participants (n = 151) were assigned
to the dependent input-length condition and received sequences in
which the n targets were preceded by m = 0, 1, or 2 distractors,
similar to the running span tasks in Experiment 1. We refer to this
input-length condition as dependent because the number of m + n
inputs depended on the number of # targets, as in the running span
tasks in Experiment 1. For each target length, one trial presented
lists in which m = 0, 1, or 2 distractors preceded targets, determined
randomly. Approximately half of the participants (n = 143) were

assigned to the independent input-length condition and received
sequences that were 9, 10, or 11 items in length, regardless of the
number of targets. We refer to this input-length condition as inde-
pendent because the number of m + n inputs did not depend on the
number of n targets, unlike the other input-length condition (and the
running span tasks in Experiment 1). For each target length, one trial
presented lists in which the total number of inputs was 9, 10, or 11,
determined randomly.

The participants were assigned to the input-length conditions in
alternation in the order in which they visited the lab. The response
format and scoring were the same as those in Experiment 1. Only data
from the partial recall trials were included. This affected the precue
condition but not the postcue condition; therefore, the maximum pos-
sible scores are different. The maximum score possible in the depen-
dent input-length condition was 36. The maximum score possible in
the independent input-length condition (i.e., all trials) was 54.

Results

No outliers or influential points were identified while
screening the data. There were no effects of cuing on per-
formance, and the relations to criterion measures of work-
ing memory capacity and general fluid intelligence were
much the same across conditions (Tables 2 and 3). Percen-
tile scores for the running memory span distributions are
reported in Table 4. Within the dependent condition, the
total numbers of correct responses were not statistically
different as a function of cuing [F(1,150) = 1.265, p =
262, n3 = .008]. Within the independent condition, the
total numbers of correct responses were not statistically
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Table 4
Percentile Scores for Running Memory Span Tasks
in Experiment 2

Dependent Input- Independent Input-
Length Condition Length Condition
Percentiles Precue Postcue Precue Postcue
10 10 8 15 12
20 14 13 25 21
30 18 16 28 28
40 20 19 31 31
50 23 23 34 34
60 26 25 37 36
70 28 28 40 38
80 30 30 41 41
90 33 33 47 47

Note—Precue, running memory span in the precue condition; Postcue,
running memory span in the postcue condition.

different as a function of cuing [F(1,142) = 2.635, p =
107, 3 = .018].

The strength of the correlation between the pre- and
postcue responses did not differ across input-length con-
ditions. A 95% confidence interval constructed around
the difference between the uncorrelated correlations
(Zou, 2007) between the precue and postcue responses in
dependent versus independent conditions included zero
(—.006, .208).

The correlation between performances across running
memory span conditions was stronger than the correla-
tions among criterion working memory capacity measures.
Within the dependent input-length condition, comparing
the correlation between performance of running memory
span across cuing conditions (» = .785) and the 95% con-
fidence interval constructed around it (.75, .82) with the
correlation between criterion working memory capac-
ity measures (» = .58) and the 95% confidence interval
constructed around it (.52, .63) indicates that responses
across cuing conditions were more strongly related to each
other than responses across the criterion working memory
capacity measures. This suggests that working memory
capacity was measured consistently by running memory
span across cuing conditions within the dependent input-
length condition.

Within the independent input-length condition, com-
paring the correlation between performance of running
memory span across cuing conditions (» = .684) and the
95% confidence interval constructed around it (.64, .73)
with the correlation between criterion working memory
capacity measures (» = .573) and the 95% confidence
interval constructed around it (.52, .63) indicates that
responses across cuing conditions were more strongly
related to each other than responses across the criterion
working memory capacity measures. This suggests that
working memory capacity was measured consistently by
running memory span across cuing conditions within the
independent input-length condition.

Within either input-length condition, the same individ-
ual differences in criterion abilities were related to the same
individual differences in running memory span, whether
the responses were pre- or postcuing. No differences be-
tween correlated correlations (i.e., between performances

of either running memory span task and a given criterion
task) were statistically significant. Notably, performance
of running memory span in either cuing condition was as
strongly related to general fluid intelligence as was per-
formance of complex-span measures. In the dependent
input-length condition, a single principal component with
eigenvalue > 1 was extracted, accounting for 60.95% of
total variance. In the independent input-length condition,
a single principal component with eigenvalue > 1 was
extracted, accounting for 59.62% of total variance.

Discussion

‘We manipulated the availability of information that par-
ticipants could use for active input processing. The results
again failed to provide evidence for active response prepa-
ration during inputs, although the participants experienced
relatively long empty intervals between inputs in both the
precue condition and the postcue condition and advance
information in the precue conditions. Performance levels
were about the same whether the number of targets was
known in advance of the test or learned at the time of the
test. Furthermore, and more important, the rank orderings
of individuals by criterion measures were unchanged. Re-
sponses were strongly intercorrelated across running mem-
ory span conditions and were correlated with reference
ability measures to the same extent. Since measurement of
working memory capacity and prediction of general fluid
intelligence were not different across the pre- and postcue
conditions, it can be inferred that the participants took es-
sentially the same approach to performing the task.

Which approach to running memory span—active or
passive—appears more likely to account for the similar
performance levels and equally strong relations with crite-
rion measures across cuing conditions? It is not plausible
that preparing responses in advance of test could have
been equally effective across cuing conditions. It is more
plausible that waiting until the inputs terminated could
have been equally effective across cuing conditions. Be-
cause presentation rate was relatively slow across cuing
conditions, the results indicate (as in Experiment 1) thata
slow presentation rate was not sufficient to induce the par-
ticipants to rehearse and group to-be-remembered items
in running memory span. Again, it appears that the par-
ticipants across conditions were discouraged from taking
an active approach, probably because of uncertainty dur-
ing the inputs regarding the number of items that would
be shown and, thus, the identity of items that would be
defined as targets at test.

On a more positive note, the present results demon-
strate again that running memory span yields consistent
measurement of working memory capacity across widely
differing conditions. Indeed, the performance levels and
correlations with reference abilities were so similar across
the pre- and postcue versions that these might serve as
parallel test forms. Most of the variance predicted in gen-
eral fluid intelligence was shared across the complex-span
and running memory span tasks, suggesting that a com-
mon working memory capacity was measured, as in Ex-
periment 1 and consistent with previous reports (Cowan
et al., 2005; Tucker-Drob & Salthouse, 2009).
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GENERAL DISCUSSION

Active input processing in running memory span means
that participants prepare responses in advance of test, per-
haps by rehearsing and grouping a changing set of targets.
This approach corresponds to a common account of run-
ning memory span as involving working memory updat-
ing (Morris & Jones, 1990). We had reasoned that if the
participants were given relatively long empty intervals
between inputs, they would be induced to take an active
approach, perhaps by rehearsing and grouping (Bunting
et al., 2006). Passive input processing means that partici-
pants wait until after inputs have terminated and prepare
responses at the time of test. We had reasoned that if the
participants were given very little time between inputs,
they would be forced to rely on a passive approach.

The results indicate that a fast presentation rate is not
necessary to discourage participants from active input
processing in running memory span. Also, a slow presen-
tation rate is not sufficient to induce them to active input
processing. The scores were indeed higher when the in-
puts were presented more slowly than when they were pre-
sented more quickly. But the scores were nearly identical
whether the participants knew how many targets to report
in advance or learned that information at the time of test.
More importantly, however, the rank ordering of individu-
als in terms of working memory capacity and general fluid
intelligence did not change in response to any manipula-
tion at all. If the participants had taken qualitatively dif-
ferent approaches across conditions, it should have been
evident in differing relations to criterion variables, as well
as in performance levels.

These results were surprising. It is widely accepted that
participants in serial recall tasks will rehearse if provided
with relatively long, empty intervals between items (Ober-
auer & Lewandowsky, 2008; Tan & Ward, 2008; Watkins,
1989), and good evidence for rehearsal in a slow-paced
running memory span task has been reported previously
(Bunting et al., 2006). However, the present data suggest
that even with relatively long, empty intervals, the par-
ticipants did not rehearse or group inputs in a way that
differentially affected working memory capacity mea-
surement. Whether rehearsal was strongly controlled with
a fast presentation rate or weakly controlled with a slow
presentation rate, the relations with criterion measures
were not changed.

Overall, the results suggest that participants in run-
ning memory span are generally discouraged from tak-
ing an active approach, probably because of uncertainty
regarding the number of items that will be shown and
thus the identity of items that will be defined as targets at
test (Cowan et al., 2005; Elosta & Ruiz, 2008; Palladino
& Jarrold, 2008). This has implications for the common
interpretation of running memory span as a measure of
working memory updating (Morris & Jones, 1990; Postle,
2003). Unless explicit instructions to rehearse are given
and enforced (as in Friedman et al., 2006), it should not
be assumed that participants engage in working memory
updating in running memory span. In general, participants
are more likely to wait until inputs have terminated and

the identity of target items has been fixed before they ex-
pend great effort to prepare responses.

On a more positive note, the present results demonstrate
that running memory span yields consistent measurement
of working memory capacity across widely differing con-
ditions. The present results, obtained from within the same
samples in single experiments, are consistent with previ-
ous research, where running span was administered under
widely differing conditions, but across different samples
and separate studies, each reporting strong relations with
criterion measures of working memory and fluid intelli-
gence (Cowan et al., 2005; Friedman et al., 2006; Tucker-
Drob & Salthouse, 2009).

If the uniformly strong correlations with criterion mea-
sures of working memory capacity and general fluid in-
telligence observed here cannot be ascribed to working
memory updating, to what psychological process might
they be ascribed? The focus of attention proposed by
Cowan (2001; Cowan et al., 2005) must be considered a
strong candidate. However, this mechanism is usually de-
scribed as operating on rapidly decaying sensory memory
traces. We feel that unless this assumption is relaxed, the
long interitem intervals in the present experiments argue
against focus of attention as the sole contributor to rela-
tions with criterion measures. We suggest that the con-
trol of attention, as well as its scope (Cowan et al., 2005;
Engle & Kane, 2004), and effortful retrieval (Unsworth &
Engle, 2007) would be of major importance for perform-
ing running memory span across any condition, to combat
interference from distractors presented before targets. In
this defining aspect (distractors before targets), running
memory span tasks are similar to complex-span tasks,
which might account in part for their common relations
with higher order cognition.

Summary and Conclusions

We identified the same individual differences in work-
ing memory capacity across a wide range of running
memory span conditions. In some conditions, correspond-
ing in general to standard administration as a measure of
working memory updating (Morris & Jones, 1990), active
input processing was assumed to be feasible. In other con-
ditions, it was much less feasible. The relations with cri-
terion measures of working memory capacity and general
fluid intelligence were much the same in either case.

Overall, the results indicate that running memory span
is robust as a measure of working memory capacity and
as a predictor of general fluid intelligence but may not
be as sensitive to details of administration as has previ-
ously been supposed. Finally, the results add to grow-
ing evidence that running memory span tasks function
similarly to complex-span tasks as measures of working
memory capacity that are strongly predictive of general
fluid intelligence.
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