
In a recent study, Mogle, Lovett, Stawski, and Sliwinski 
(2008) examined the relations among working memory 
capacity (WMC), secondary memory (SM), and fluid in-
telligence (gF) via a latent variable analysis. Using a large 
number of participants and tasks, Mogle et al. found that 
a latent SM variable was uniquely related to a measure 
of gF, and that SM accounted for the variance shared be-
tween gF and WMC. Mogle et al. therefore concluded that 
basic memory processes, such as search and retrieval from 
SM, account for the WMC–gF relation, and that active 
maintenance of information in the presence of distraction 
does not.

Mogle et al.’s (2008) data and arguments correspond 
with much of our previous work, in which we have argued 
that WMC reflects more than just active maintenance. 
Specifically, in prior work, we have suggested that WMC 
is jointly determined by active maintenance in primary 
memory and by controlled retrieval from SM (Unsworth 
& Engle, 2007a), rather than by just SM, as Mogle et al. 
seemed to suggest. Furthermore—and similar to Mogle 
and colleagues—we have argued that SM is an important 
part of the WMC–gF relationship and that complex spans 
are not necessarily special, given that other memory tasks 
can do just as good a job in predicting higher order cogni-
tion (Unsworth & Engle, 2006, 2007a, 2007b). However, 
we have also argued that SM processes alone cannot fully 
account for the relation between WMC and gF. This dis-
tinction between active maintenance and controlled re-
trieval is nontrivial, because much prior work has shown 
that active maintenance in the presence of distraction is a 
critical component of the predictive power of WMC (Engle 

& Kane, 2004). The notion that SM is the key component 
does not account for the wealth of data showing a link be-
tween WMC and active maintenance in “attention” tasks 
such as the antisaccade and Stroop tasks. Although we 
agree with Mogle and colleagues that much can be gained 
from examining WMC in the context of more traditional 
memory models, examining only SM processes severely 
limits the theoretical and predictive power of WMC. The 
reason for proposing a dual-component model of WMC 
was that active maintenance views did not seem to account 
for the relation between WMC and other memory tasks, 
and pure memory views of WMC could not account for 
the relation with attention control tasks. Thus, we proposed 
that at least two components (active maintenance and con-
trolled retrieval) are needed to fully account for variation in 
WMC and its relation to gF. Our work suggests that WMC 
should still account for unique variance in gF when SM is 
controlled for because of shared variance between active 
maintenance and gF that is independent of SM.

In their study, Mogle et al. (2008) examined multiple 
structural equation models in which the latent variables 
of processing speed, primary memory, WMC, and SM 
predicted a single measure (Raven Advanced Progressive 
Matrices) of gF. Mogle et al. found that all of the con-
structs (except for processing speed) were related to gF. 
In their final model, Mogle et al. found that SM predicted 
unique variance in gF, but that WMC did not. Thus, Mogle 
et al. concluded that SM, but not WMC, was important 
for gF, contrary to many prior claims. Indeed, Mogle et al. 
noted that “the major novel result of this study was that 
SM was a stronger predictor of fluid intelligence than was 
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Materials and Procedure
After signing informed consent, all participants completed op-

eration span, symmetry span, reading span, delayed free recall with 
semantically related words, item recognition with words, item rec-
ognition with pictures, Raven Advanced Progressive Matrices, ver-
bal analogies, number series, and paired associates with word–word 
pairs in Session 1. In Session 2, all participants completed delayed 
free recall with unrelated words, paired associates with number–
word pairs, gender-source recognition, and picture-source recogni-
tion. All tasks were administered in the order listed above.

Tasks
Operation span (Ospan). Participants solved a series of math 

operations while trying to remember a set of unrelated letters. Partic-
ipants were required to solve a math operation, and after solving the 
operation, they were presented with a letter for 1 sec. Immediately 
after the letter was presented, the next operation was presented. At 
recall, letters from the current set were recalled in the correct order 
by clicking on the appropriate letters. For all of the span measures, 
items were scored if the item was correct and in the correct position. 
The score was the number of correct items in the correct position.

Symmetry span. Participants were required to recall sequences 
of red squares within a matrix while performing a symmetry-
 judgment task. In the symmetry-judgment task, participants were 
shown an 8  8 matrix with some squares filled in black. Partici-
pants decided whether the design was symmetrical about its vertical 
axis. The pattern was symmetrical half of the time. Immediately 
after determining whether the pattern was symmetrical, participants 
were presented with a 4  4 matrix with one of the cells filled in red 
for 650 msec. At recall, participants recalled the sequence of red-
square locations in the preceding displays in the order in which they 
had appeared by clicking on the cells of an empty matrix. The same 
scoring procedure as that in Ospan was used.

Reading span. Participants were required to read sentences 
while trying to remember a set of unrelated letters. Participants read 
a sentence and determined whether it made sense or not. Half of 
the sentences made sense, whereas the other half did not. Nonsense 
sentences were made by simply changing one word from an other-
wise normal sentence. After participants gave a response, they were 
presented with a letter for 1 sec. At recall, letters from the current set 
were recalled in the correct order by clicking on the appropriate let-
ters. The same scoring procedure as that in Ospan was used.

Delayed free recall with unrelated words. Participants recalled 
six lists of 10 words each. All of the words were common nouns that 
were presented for 1 sec each. After the list presentation, participants 
engaged in a 16-sec distractor task before recall: Participants saw 10 
three-digit numbers appear for 2 sec each, and they were required to 
write the digits in ascending order. After the distractor task, partici-
pants typed as many words as they could remember from the current 
list in any order they wished. Participants had 45 sec for recall. A 
participant’s score was the total number of items recalled correctly.

Delayed free recall with semantically related words. Par-
ticipants recalled six lists of 10 words, each broken down into two 
blocks (three lists per block). All words in each block came from 
the same semantic category. Following the last word in a list, par-
ticipants were required to count backward by threes as quickly 
and as accurately as possible from a three-digit number that was 
displayed on-screen for 15 sec and to write the numbers down as 
they proceeded. After the distractor task, participants typed as many 
words as they could remember from the current list in any order 
they wished. Participants had 45 sec for recall. A participant’s score 
was the total number of items recalled correctly.

Paired associates with words. Participants were given three 
lists of 10 word pairs each. All words were common nouns, and 
the word pairs were presented vertically for 2 sec each. Participants 
were told that the cue would always be the word on top and that the 
target would be on bottom. After the presentation of the last word, 
participants saw the cue word and ??? in place of the target word. 
Participants were instructed to type in the target word from the cur-

WMC, which did not account for any variance in fluid 
intelligence over and above SM” (p. 1075). A close in-
spection of their correlation matrix, however, suggests 
that the strong relation between SM and gF may be driven 
by a single task. Specifically, two of the SM tasks (story 
recognition and paired associates) correlated with the gF 
measure at .26 and .25 (respectively), whereas the word 
recognition measure correlated appreciably higher, with 
the gF measure at .39. All of the WMC tasks, however, 
correlated with gF at .29. Given that only a single indica-
tor of gF was used, it is possible that the stronger relation 
between SM and gF, as compared with that between WMC 
and gF, was simply the result of the correlation between 
the gF measure and word recognition.

The aim of the present study was to independently test 
Mogle et al.’s (2008) claim that SM accounts for the rela-
tion between WMC and gF. Given the great deal of work 
that has been done examining the correlation between 
WMC and gF (e.g., Ackerman, Beier, & Boyle, 2005; 
Kane, Hambrick, & Conway, 2005), it is critically impor-
tant to test the claim that the correlation between WMC 
and gF rests on nothing more than SM processes. If Mogle 
et al. are correct, then the SM latent variable should ac-
count for unique variance in gF, but WMC should not. On 
the other hand, if the dual-component model we have sug-
gested is correct, then both SM and WMC should account 
for unique variance in gF. These competing accounts were 
tested via a large-scale latent variable analysis in which 
multiple indicators of each construct were used. Specifi-
cally, given the problems with using only a single indicator 
to represent gF (i.e., correlations due to idiosyncratic task 
effects, poor reliability for only a single measure, and nar-
row definition of the construct of interest), participants in 
the present study performed the same gF measure as in the 
study of Mogle et al. (i.e., the odd items from the Raven 
Advanced Progressive matrices), as well as two additional 
gF tasks that measured both verbal and numerical reason-
ing (verbal analogies and number series), in order to form 
a broad gF factor that was not reliant only on spatial rea-
soning abilities. Additionally, in order to have a broad SM 
factor, and to ensure that a single SM task did not account 
for the results, eight total measures of SM—including two 
measures each of item recognition, source recognition, 
free recall, and paired associates recall—were used. These 
tasks were classified as SM tasks, given that the number 
of to-be-remembered items in each exceeded the theo-
retical capacity limits of WM and that items had to be re-
membered after a filled delay (i.e., filled with many other 
target items or with distractor activity; Cowan, 2008). Fi-
nally, three measures of WMC that varied in numerical, 
visuospatial, and verbal processing (operation, symmetry, 
and reading span) requirements were used.

METHOD

Participants
A total of 173 participants were recruited from the participant 

pool at the University of Georgia. Participants were between the 
ages of 18 and 35 and received course credit for their participation. 
Each participant was tested individually in two laboratory sessions 
that lasted approximately 2 h each.
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it was located in (source). At test, participants were presented with 30 
old and 30 new pictures in the center of the screen. Participants were 
required to indicate whether the picture was new or old and, if old, in 
what quadrant it had been presented, via keypress. Participants had 
5 sec to press the appropriate key to enter their responses. A partici-
pant’s score was the proportion of correct responses.

Raven Advanced Progressive Matrices. The Raven (Raven, 
Raven & Court, 1998) is a measure of abstract reasoning. The test 
consists of 36 items presented in ascending order of difficulty. Each 
item consists of a display of 3  3 matrices of geometric patterns, 
with the bottom-right pattern missing. The task for the participant 
is to select, among eight alternatives, the pattern that correctly com-
pletes the overall series. Participants had 10 min to complete the 18 
odd-numbered items. A participant’s score was the total number of 
correct solutions.

Verbal analogies. In this task, participants read an incomplete 
analogy and were required to select the one word out of five pos-
sible words that best completed the analogy. Participants had 5 min 
to complete 18 test items. A participant’s score was the total number 
of items solved correctly.

Number series. In this task, participants saw a series of numbers 
and were required to determine what the next number in the series 
should be. That is, the series followed some unstated rule that par-
ticipants were required to figure out in order to determine what the 
next number in the series should be. Participants selected their an-
swer out of five possible numbers that were presented. Participants 
had 4.5 min to complete 15 test items. A participant’s score was the 
total number of items solved correctly.

RESULTS

Descriptive statistics and correlations for the measures 
are shown in Table 1. All of the measures had generally 
acceptable values of internal consistency, and most of the 
measures were approximately normally distributed, with 
values of skewness and kurtosis under the generally ac-
cepted values. Note that some of the zero-order correla-
tions and descriptive statistics have been reported in an-

rent list that matched the cue. Cues were randomly mixed so that the 
corresponding target words were not recalled in the same order as 
that in which they had been presented. Participants had 5 sec to type 
in the corresponding word. A participant’s score was the proportion 
of items recalled correctly.

Paired associates with numbers. This task was exactly the same 
as the cued recall task with words, but instead of word–word pairs, 
a random three-digit number served as the cue that was paired with 
the target word. A participant’s score was the proportion of items 
recalled correctly.

Item recognition with words. In this task, participants were 
presented with 30 words on-screen at encoding. Words were com-
mon nouns presented individually for 2 sec each. At test, participants 
were presented with 30 old and 30 new words in the center of the 
screen and were required to indicate whether the word was old or 
new via a keypress. Participants had 5 sec to press the appropriate 
key to enter their responses. A participant’s score was the proportion 
of correct responses.

Item recognition with pictures. In this task, participants were 
presented with 30 pictures on-screen at encoding. Each picture was 
presented individually for 3 sec each. At test, participants were pre-
sented with 30 old and 30 new pictures in the center of the screen 
and were required to indicate whether the picture was old or new 
via a keypress. Participants had 5 sec to press the appropriate key 
to enter their responses. A participant’s score was the proportion of 
correct responses.

Gender source recognition. In this task, participants heard 
words (30 total words) in either a male or a female voice. Partici-
pants were explicitly instructed to pay attention to both the word 
(item) and the voice the word was spoken in (source). At test, partici-
pants were presented with 30 old and 30 new words in the center of 
the screen. Participants were required to indicate whether the word 
was new or old and, if old, what voice it had been spoken in, via a 
keypress. Participants had 5 sec to press the appropriate key to enter 
their responses. A participant’s score was the proportion of correct 
responses.

Picture source recognition. During the encoding phase, partici-
pants were presented with a picture (30 total pictures) in one of four 
different quadrants on-screen for 1 sec. Participants were explicitly 
instructed to pay attention to both the picture (item) and the quadrant 

Table 1  
Descriptive Statistics and Correlations for All of the Memory and Intelligence Measures

Variable  1  2  3  4  5  6  7  8  9  10  11  12  13  14

1. Ospan –
2. Symspan .48 –
3. Rspan .53 .38 –
4. Itemrec .17 .07 .16 –
5. Picrec .23 .09 .08 .48 –
6. Gensour .11 .14 .17 .28 .01 –
7. Picsour .16 .11 .04 .39 .23 .24 –
8. DFRU .09 .05 .08 .25 .19 .26 .34 –
9. DFRR .23 .19 .17 .30 .17 .22 .21 .26 –

10. PaW .17 .01 .17 .24 .12 .19 .27 .37 .27 –
11. PaN .17 .13 .12 .18 .18 .26 .24 .45 .19 .33 –
12. Raven .23 .34 .22 .16 .22 .16 .18 .20 .18 .29 .23 –
13. Analogy .35 .23 .26 .28 .26 .13 .10 .12 .19 .28 .06 .42 –
14. NS .25 .29 .22 .18 .16 .04 .08 .05 .15 .12 .09 .20 .20 –

M 61 31 58 .83 .96 .64 .81 34 36 .25 .13 11 12 10
SD 12 07 14 .09 .05 .13 .13 09 06 .22 .11 02 03 03
Reliability .73 .86 .80 .67 .65 .76 .83 .79 .71 .83 .68 .72 .80 .69
Skew 1.9 0.82 1.4 1.1 5.2 0.27 1.7 0.22 0.03 0.87 0.97 0.11 0.17 0.51
Kurtosis 0.64 1.0 2.0 3.3 41.5 0.10 4.5 0.27 1.3 .35 0.37 0.21 0.42 0.12

Note—Ospan, operation span; Symspan, symmetry span; Rspan, reading span; Itemrec, item recognition with words; Picrec, item recogni-
tion with pictures; Gensour, gender source recognition; Picsour, picture source recognition; DFRU, delayed free recall with unrelated words; 
DFRR, delayed free recall with related words; PaW, paired associates with word–word pairs; PaN, paired associates with number–word pairs; 
Raven, Raven Advanced Progressive Matrices; Analogy, verbal analogies; NS, number series. Reliability was calculated using Cronbach’s . 
Correlations .13 are significant at p  .05.
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the variance common to the eight memory tasks and the 
three complex spans (the logic being that all WMC and 
SM tasks are influenced by SM processes). The WMC 
latent variable was composed of the common variance 
shared between the complex spans, independent of the 
shared variance with the memory tasks. The correla-
tion between these two factors was constrained to 0, and 
both were allowed to predict gF. This model tests the no-
tion that WMC measures are composed of two separate 
sources of variance, both of which are related to gF. As is 
shown in Table 2, the fit of the model (labeled Model 3B) 
was good. Importantly, as is shown in Figure 2B, both 
WMC and SM accounted for unique variance in gF. Thus, 
WMC accounted for unique variance in gF that was not 
accounted for by SM.

DISCUSSION

The present study examined the claim that the correla-
tion between WMC and gF, which has been found many 
times previously, is solely due to variation in SM pro-
cesses (Mogle et al., 2008). Participants performed sev-
eral gF, WMC, and SM tasks, and the data were examined 
via several latent variable analyses. The data suggested 
that an SM latent variable was significantly related to 
gF but that, notably, WMC was also related to gF, even 
after taking SM into account. These results are incon-
sistent with recent claims that WMC does not account 
for variance in gF over and above what is accounted for 
by SM. Rather, these results are consistent with a dual-
component model of WMC (Unsworth & Engle, 2007a), 
suggesting that at least two sources of variance (active 
maintenance and controlled retrieval) account for the 
shared variance between WMC and gF. Thus, contrary to 
the results of Mogle et al., SM did not account for all of 
the shared variance between WMC and gF. Rather, WMC 
and SM accounted for both shared and unique sources of 
variance in gF.

The present results are also consistent with a number of 
other models of WMC that suggest that there is more to the 

other article (Unsworth & Brewer, in press). Importantly, 
none of the analyses or issues discussed in the present 
article have been reported previously.

A measurement model was specified in which each 
measure loaded on only its respective construct of interest 
(i.e., all of the gF measures loaded on the gF construct), 
and the three constructs (WMC, SM, and gF) were allowed 
to correlate. As is shown in Table 2, the fit of the model 
was good. In Figure 1, the resulting model is shown. As 
can be seen, all tasks loaded significantly on their con-
struct of interest, and all of the latent variables were mod-
erately related to one another.

As in the study of Mogle et al. (2008), we then speci-
fied several structural equation models (SEMs) in which 
WMC and SM latent variables predicted a gF latent vari-
able. In Model 1, only the path from WMC to gF was esti-
mated, and the path from SM to gF was constrained to 0. 
This model suggests that WMC, but not SM, is related to 
gF. In Model 2, the path from SM to gF was estimated, 
whereas the WMC to gF path was fixed to 0. This model 
suggests that SM, but not WMC, is related to gF, consis-
tent with Mogle et al.’s claim. Finally, in Model 3, both the 
WMC and SM paths were estimated. This model suggests 
that both WMC and SM account for unique variance in 
gF, consistent with a dual-component view. As is shown 
in Table 2, Model 3 seemed to provide the best fit to the 
data. In fact, Model 3 fit significantly better than either 
Model 1 or Model 2 (both 2s  9, ps  .01), suggesting 
that allowing both paths to be freed improved model fit. 
As is shown in Figure 2A, both WMC and SM accounted 
for unique variance in gF, and WMC and SM were cor-
related. Thus, WMC accounted for variance in gF over 
and above what was accounted for by SM, contrary to the 
results of Mogle et al.

As we have argued, the variance shared between WMC 
and gF after controlling for SM likely reflects active 
maintenance processes that are needed in gF tasks, inde-
pendently of SM processes such as search and retrieval. 
As a further test of this notion, another SEM was speci-
fied in which the SM latent variable was composed of 

Table 2  
Fit Indices for All Models

Model  2  df  2/df  RMSEA  NNFI  CFI  SRMR

Measurement 116.43 74 1.57 .06 .92 .94 .06
Model 1 125.97 75 1.68 .06 .91 .92 .08
Model 2 134.61 75 1.79 .07 .90 .91 .08
Model 3 116.43 74 1.57 .06 .92 .94 .06
Model 3B 116.49 72 1.62 .06 .92 .94 .06

Note—RMSEA, root mean square error of approximation; NNFI, non-normed fit 
index; CFI, comparative fit index; SRMR, standardized root mean square residual. 
The 2 reflects whether there is a significant difference between the observed and 
reproduced covariance matrices. Therefore, nonsignificant values are desirable. 
With large sample sizes, even slight deviations can result in a significant value; 
therefore, the ratio of 2 to the number of degrees of freedom is also reported. 
Ratios of two or less indicate acceptable fit. Tests between nested models were 
examined via a 2 difference test. The RMSEA and the SRMR both reflect the 
average squared deviation between the observed and reproduced covariances. The 
NNFI and the CFI compare the fit of the specified model to a baseline null model. 
NNFI and CFI values greater than .90 and RMSEA and SRMR values less than 
.08 are indicative of acceptable fit.
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for the relation between WMC and gF. These processes are 
likely due, in part, to shared variance between WMC and 
primary memory that is independent of any shared variance 
with SM (Unsworth & Engle, 2007b).

Collectively, these results point to the multifaceted na-
ture of WMC, and they suggest that the predictive power 
of WMC is multiply determined. Some of the predictive 
power of WMC (in terms of predicting higher order con-
structs, such as gF) is due to variance shared with SM 
measures, such as free recall, cued recall, and source rec-
ognition. At the same time, this is not the whole story. 
Other sources of variance, such as active maintenance, 
size of the focus of attention, and short-term binding and 
maintenance abilities, are also critical to understanding 
the WMC–gF relation. To truly appreciate the WMC–gF 
relation, one must look for multiple sources of variance, 
rather than just a single source.

WMC–gF relation than just SM. Specifically, the results 
are consistent with those of Cowan et al.’s (2005) claim that 
the size or scope of the focus of attention is an important 
component of individual differences in WMC and is one 
reason why WMC tasks are related to gF. Cowan et al. dem-
onstrated strong relations between their measures of the 
size of the focus of attention and gF measures, even though 
their size-of-focus tasks did not utilize SM. Consistent with 
the present results, this suggests that there is substantial 
shared variance between WMC and gF that is independent 
of SM. Additionally, the present results are consistent with 
Oberauer, Süß, Wilhelm, & Sander’s (2007) claim that the 
ability to create and maintain bindings in working memory 
is one reason for individual variation in WMC, and one rea-
son why these tasks correlate so well with gF. Like the pres-
ent results and those of Cowan et al., this view suggests that 
processes that are unique to working memory are important 

Figure 1. Measurement model for working memory capacity (WMC), secondary 
memory (SM), and general fluid intelligence (gF). Paths connecting latent variables 
(circles) to each other represent the correlations between the constructs; the numbers 
from the latent variables to the manifest variables (squares) represent the loadings 
of each task onto the latent variable; and numbers appearing next to each manifest 
variable represent error variance associated with each task. Ospan, operation span; 
Symspan, symmetry span; Rspan, reading span; Itemrec, item recognition with 
words; Picrec, item recognition with pictures; Gensour, gender source recognition; 
Picsour, picture source recognition; DFRU, delayed free recall with unrelated words; 
DFRR, delayed free recall with related words; PaW, paired associates with word–
word pairs; PaN, paired associates with number–word pairs; Raven, Raven Advanced 
Progressive Matrices; Analogy, verbal analogies; NS, number series. All paths and 
loadings were significant at the p  .05 level.



936    UNSWORTH, BREWER, AND SPILLERS

A

B

Figure 2. (A) A structural equation model (Model 3) for working memory capacity (WMC) and secondary memory (SM) predicting 
fluid intelligence (gF). (B) A structural equation model (Model 3B) for the common variance shared across all the memory tasks (SM) 
and the residual variance common to only the working memory capacity tasks (WMRE) predicting fluid intelligence (gF). All paths 
and loadings were significant at the p  .05 level. See Figure 1 caption for explanation of abbreviations.
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