Figure 1. The accuracy in proportion-correct for each list length condition in working memory
and short-term memory tasks for each of the three age groups.

For the young adults, we compared the list length conditions and the task differences by
using a 2 (short-term memory and working memory) x 4 (list lengths 2, 3, 4 and 5) repeated-
measures Analysis of Variance (ANOVA), with a Greenhouse-Geisser correction when
necessary for the violation of sphericity. There was a significant main effect of task, with a
higher proportion of items recalled in the short-term memory tasks (M = 0.98, SE = 0.00) than in
the working memory tasks (M = 0.77, SE = 0.02), F (1, 52) = 160.84, p < 0.01, partial > = 0.76.
There was also a significant main effect of the list length condition: 2, 3, 4, and 5 (Ms = 0.98,
0.94, 0.85, and 0.73; SEs = 0.01, 0.01, 0.01, and 0.02), F (2.43, 126.44) = 172.97, p < 0.01,
partial n? = 0.77. All of the list length conditions were significantly different, with the
proportion correct decreasing as the list length increased. Finally, there was a significant
interaction between the type and list length, F (3, 156) = 121.88, p < 0.01, partial n* = 0.70. This
interaction can be seen in Figure 2. The slope of the working memory task performance was
steeper for the list lengths tested than the slope of the short-term memory task. These findings

closely replicated the findings of Unsworth and Engle (2006).
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Figure 2. The accuracy in proportion-correct for each list length condition in working memory
and short-term memory tasks for the adult group

This ANOVA was followed by a 2 x 3 repeated-measures ANOVA to examine if the
slopes of certain list length conditions are more similar due to these list lengths predicted
relationship to secondary memory measurement. The three list lengths compared were the list
length 5, 6, and 7 in the short-term memory tasks and list lengths 3, 4, and 5 in the working
memory tasks. There was once again a significant main effect of task with a higher proportion of
items correctly recalled in the short-term memory tasks (M = 0.80, SE = 0.02) than the working
memory tasks (M = 0.71, SE =0.02), F (1, 52) = 19.77, p < 0.01, partial n> = 0.28. There was
also a significant main effect of the list length condition with the shorter list lengths having
higher proportions of items recalled correctly, F (2, 104) = 233.41, p < 0.01, partial n> = 0.82.
Most importantly, there was a significant interaction between task and list length, F (2, 104) =
6.88, p <0.01, partial n? = 0.12. This interaction is important, not because it was significant, but
because the amount of variance accounted for by this interaction was only 12% but it was 70% in
the previously reported ANOVA. This decrease in the partial n)? indicates that the difference

between the slopes is much smaller when the list lengths believed to measure secondary memory
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are compared than when the slopes including primary and secondary memory are compared.
The similarity between the slopes can be seen in Figure 3. These results closely replicated the
findings of Unsworth and Engle (2006).

Similar ANOVAs were computed for the data from the 8-9 year-olds. A 2 (task) x 4 (list
length: 2, 3, 4, and 5) repeated-measures ANOVA found a significant main effect of task, F (1,
35) =397.80, p <0.01, partial n? = 0.92. This result indicated that memory performance was
better for the short-term memory tasks (M = .83, SE = .02) than for the working memory tasks
(M =.52, SE =.02). There was also a main effect of the list length condition with poorer

memory performance in the longer list length conditions, all being significantly different than
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Figure 3. The accuracy in proportion-correct for the long list lengths in the working memory and
short-term memory tasks for the adult group

each other, F (2.43, 85.18) = 281.56, p < 0.01, partial n> = 0.89. The means and standard errors
for the list length conditions were as follows: list length 2 M =0.92, SE = 0.01, list length 3 M =
0.76, SE = .02, list length 4 M = 0.59, SE = 0.02, list length 5 M = 0.42, SE = 0.03. Finally, there
was a significant interaction of task and list length, F (3, 105) = 18.65, p < 0.01, partial n> = 0.35.

Figure 4 shows the proportions of each list length recalled correctly for each of the tasks.
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Figure 4. The accuracy in proportion-correct for each list length condition in working memory
and short-term memory tasks for the 8-9 year-old group

Then, the 2 (task) x 3 (list lengths: short-term memory 5, 6, and 7 and working memory
3, 4, and 5) ANOVA was computed. There was not a significant main effect of task (short-term
memory M = .43, SE =.026, working memory M = .41, SE = .023), F (1, 35) =.97, p = .33,
partial n?> = 0.03. There was a significant main effect of list length, F (1.63, 56.90) = 163.44, p <
0.01, partial n> = 0.82. Importantly, there was not a significant interaction between task and list
length, F (2, 70) = .38, p = 0.69, partial n> = 0.01. This finding differs from the young adult
group, in which the interaction was still significant but accounted for much less variance when
the longer list lengths were compared. In contrast, in the 8-9 year-old group, the interaction was
no longer significant when the longer list lengths in each task were compared. Figure 5 shows
the slopes of the list lengths for the different tasks.

For the 10-11 year-old group, the same ANOVAs were computed. A 2 (task) x 4 (list
length: 2, 3, 4, and 5) repeated-measures ANOVA found a significant main effect of task, F (1,

33) =233.76, p < 0.01, partial n? = 0.88. This result indicated that memory performance was
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better for the short-term memory tasks (M = 0.87, SE = 0.01) than for the working memory tasks
(M =0.65, SE =0.02). There was also a main effect of the list length condition with poorer
memory performance in the longer list length conditions, all being significantly different than
each other, F (3, 99) = 325.46, p < 0.01, partial n>=0.91. The means and standard errors for the
list length conditions were as follows: list length 2 M = 0.95, SE = 0.01, list length 3 M = 0.87,
SE =0.02, list length 4 M =0.71, SE = 0.01, list length 5 M = 0.50, SE = 0.02. Finally, there was
a significant interaction of task and list length, F (2.34, 77.08) = 19.38, p < 0.01, partial n?> =
0.37. Figure 6 shows the proportions of each list length recalled correctly for each of the tasks.
Then, the 2 (task) x 3 (list lengths: short-term memory 5, 6, and 7 and working memory
3, 4, and 5) ANOVA was computed. There was a significant main effect of task (short-term
memory M = 0.50, SE = 0.02, working memory M = 0.56, SE = 0.02), F (1, 33) =7.90, p < 0.01,
partial n? = 0.19. There was a significant main effect of list length, F (2, 66) = 149.05, p < 0.01,
partial n2 = 0.82. Importantly, there was a significant interaction between task and list length, F
(2, 66) =8.35, p < 0.01, partial n>=0.20. The 10-11 year-old group was more similar to the
young adult group; the interaction was significant when the longer list lengths were compared
but the interaction accounted for less variance in this comparison than when the same list lengths
were compared. Figure 7 shows the proportions of each list length recalled correctly for each of
the tasks for the longer list length conditions.
Correlations Between Proportion-Correct for List Length Condition and Fluid Intelligence
The next series of analyses examined how the proportion of correct recall for each list
length condition was related to fluid intelligence. The main purpose was to determine if the

longer list lengths in the short-term memory task would correlate more strongly with fluid
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Figure 5. The accuracy in proportion-correct for the long list lengths in the working memory and
short-term memory tasks for the 8-9 year-old group
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Figure 6. The accuracy in proportion-correct for each list length condition in working memory
and short-term memory tasks for the 10-11 year-old group
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Figure 7. The accuracy in proportion-correct for the long list lengths in the working memory and
short-term memory tasks for the 10-11 year-old group
intelligence than the shorter list lengths. The longer list lengths should have a stronger
relationship with intelligence according to Unsworth and Engle (2006) because these list length
conditions measure the influence of retrieval from secondary memory, whereas, the shorter list
length conditions can be completely recalled from primary memory capacity. After calculating
the raw correlations, we then calculated the partial correlations between the short-term memory
list lengths and intelligence without the influence of the working memory list lengths. The
working memory list lengths 2-5 were also hypothesized to draw on secondary memory retrieval,
thus by partialling out the variance associated with these list lengths from the short-term memory
list lengths, we should show that the partial correlations for the longer list lengths decreased
substantially. Figures 8 (short-term memory) and 9 (working memory) show the results for the
young adults, Figures 10 and 11 show the results for the 8-9 year-olds and Figures 12 and 13
show the results for the 10-11 year-olds.

For the young adults in the short-term memory tasks, only the list length 4 correlation

with intelligence was significant before working memory list lengths (1-5) were partialled out
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and none of the correlations were significant after they were partialled out. For the young adults
in the working memory tasks, the list lengths 3 and 5 were significant before the short-term list
lengths (1, 3-7) were partialled out, and list length 5 remained significant after the short-term list
lengths were partialled out. All of the conditions have much smaller correlations. This pattern of
correlations only partially replicated the findings of Unsworth and Engle (2006). They found
that the all of the longer list lengths (5-7) in the short-term memory tasks correlated with fluid
intelligence until they partialled out the working memory tasks conditions, and the resulting
correlations were still significant but much smaller than before. However, the working memory
conditions were all significantly correlated with intelligence before partialling out the short-term
memory tasks conditions, and the correlations were much smaller after partialling out the short-
term memory task conditions.

For the 8-9 year-old group, the correlations were much stronger than in the young adult
group. The short-term memory tasks list lengths 3-7 were significantly correlated with
intelligence before the working memory tasks conditions were partialled out. After the working
memory conditions were partialled out, the correlations all decreased in magnitude, with only list
lengths 6 and 7 remaining significantly correlated with intelligence. For the working memory
tasks, list lengths 1-4 were all significantly correlated with intelligence and after the short-term
memory performance was partialled out, none of the correlations were significant. The 8-9 year-
old age group matched the results found by Unsworth and Engle (2006) more closely than our
young adult group. Based on these results, it seems likely that for this age group, primary
memory was represented in the short-term memory list lengths 1-2 and that secondary memory
was represented by performance in short-term memory list lengths 4-7, as well as working

memory list lengths 2-4. The working memory list length 1 condition was somewhat ambiguous
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Figure 8. Correlations between proportion-correct for short-term memory list length conditions
and fluid intelligence for the adult group
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Figure 9. Correlations between proportion-correct for working memory list length conditions
and fluid intelligence for the adult group
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Figure 10. Correlations between proportion-correct for short-term memory list length conditions
and fluid intelligence for the 8-9 year-old group
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Figure 11. Correlations between proportion-correct for working memory list length conditions
and fluid intelligence for the 8-9 year-old group
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running span average number of items recalled in correct serial position and the visual array
comparison task performance calculated with Cowan’s k score for capacity). The criterion
variable was the composite z score from the three measures of fluid intelligence.

We started by conducting a simultaneous regression with the five factors of interest.
Table 6 shows the outcome of that regression analysis. This analysis indicated that the working
memory list lengths and the scope of attention were the only two significant factors.

Table 6. Simultaneous Regression for the Entire Sample with Fluid Intelligence as the Criterion
Variable

Variable B t Sr? R2 F
Age 0.141 1.43 0.01
STM LL1-2 -0.029 -0.44 0.00
STMLL5-7 0.204 1.73 0.01
WM LL 2-5 0.300 3.10* 0.04

Scope 0.215 2.50* 0.02 0.53 26.84**
Note: * indicates p < 0.05, ** indicates p < 0.01; Age represents age in years; LL stands for list lengths; STM stands
for short-term memory; WM stands for working memory; Scope is the composite score for the scope of attention
tasks

With the working memory list lengths and the scope of attention playing the largest role
in predicting fluid intelligence, it seemed best to perform the variance-partitioning regression
procedure with each age group separately to see how these predictor variables might contribute
differently to fluid intelligence depending on the age group. With that in mind, some changes
were made for the predictor variables for each age group based on the findings of the correlation
and partial correlation analyses for each age group. Some of the list length conditions for some
of the age groups were not solely tapping into primary memory or secondary memory ability, so
we made some adjustments to those factors for the age groups based on those outcomes. For the
8-9 year-olds, we combined list lengths 1 and 2 from the short-term memory task to represent
primary memory performance, we then combined list lengths 4 through 7 from the short-term

memory task to represent the recall from secondary memory in that task, and finally, we
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combined the list lengths 2-4 from the working memory task to represent secondary memory in
that task. For the 10-11 year-olds, we matched most of the adult factors by combining the short-
term memory list lengths 1-3 for the primary memory factor and list lengths 5-7 for the short-
term memory secondary memory factor. We then combined performance from the working
memory task list lengths 2-5 to represent the other secondary memory factor. The only
difference in the factors between the 10-11 year-old group and the adult group was in the
working memory list lengths for the adults. The list length 2 performance was very high for the
adults, possibly due to the fact that the tasks were designed with children in mind. Given that
this list length was ambiguous, we decided to omit it from the adult multiple regression analyses
in the same way that the short-term memory list length 4 was removed from the multiple
regression analyses. We performed the multiple regression analyses in each age group without
the scope of attention composite factor first, to replicate the analysis performed by Unsworth and
Engle (2006) and then performed it with the scope of attention factor. By including the scope of
attention, we were able to examine the hypothesis of Cowan et al. (2005) that the scope of
attention is an important factor in both working memory performance and the link shared
between working memory and fluid intelligence.

Table 7 shows the results of the simultaneous regression for the adult group. The overall
variance accounted for by this group of factors (Rz = 0.162) was smaller than the variance
accounted for by the Unsworth and Engle (2006) study (R? = 0.283). Like the Unsworth and
Engle (2006) findings, we also show that working memory performance was a significant
predictor of intelligence but unlike their findings, we were unable to show that the long list
lengths in the short-term memory task were a significant predictor. We followed the

simultaneous regression by a series of variance-partitioning regression analyses to indicate
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unique and shared variance accounted for by our factors. These analyses can be seen in Table 8
and the partialled variance in Figure 14.

This analysis did not replicate the findings of Unsworth and Engle (2006). Their
variance-partitioning regression analyses indicated that the working memory task list lengths and
the long short-term memory list lengths each contributed some unique variance but the shared
variance between the working memory task list lengths and the long short-term memory list
lengths contributed the most predictive variance to fluid intelligence. This supported their
hypothesis that both of these factors measured retrieval from secondary memory, which they
state was the main reason that working memory tasks relate strongly to fluid intelligence. In the
current analyses, the two main predictors of fluid intelligence were the unique variance from the

Table 7. The Simultaneous Regression Analysis Predicting Intelligence for the Adult Group

Variable B t SI2 R2 F
STMLL 1-3 0.014 0.10 0.00

STM LL 5-7 0.006 0.04 0.00

WM LL 3-5 0.397 2.72** 0.13 0.162 3.15*

Note: * indicates p < 0.05, ** indicates p < 0.01; LL stands for list lengths; STM stands for short-term memory;
WM stands for working memory

Table 8. The R2 Values produced from Variance-Partitioning Regression Analyses Predicting
Intelligence in the Adult Group

Predictor Variables R? F

WM3-5, STM1-3, STM5-7 0.162 3.15*
WM3-5, STM1-3 0.162 4.82*
WM3-5, STM5-7 0.162 4.82*
STM1-3, STM5-7 0.035 0.92
WM3-5 0.161 9.82*
STM1-3 0.009 0.45
STM5-7 0.033 1.73

Note: * indicates p < 0.05, ** indicates p < 0.01; LL stands for list lengths; STM stands for short-term memory;
WM stands for working memory
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Figure 14. Unique and Shared Variance from Short-term Memory List Length Conditions, and
Working Memory List Length Conditions Predicting Fluid Intelligence
working memory list lengths and the shared variance between the two short-term memory
factors. To further replicate Unsworth and Engle, we substituted an individual measure of
primary memory for the short-term memory list lengths 1-3 factor. The individual measure of
primary memory was calculated by finding the highest list length which was perfectly recalled as
well as all of the previous list lengths. This change only increased the overall explained variance
by .3% taking it from 16.2% to 16.5% and did not change any of the relationships within the
variance-partitioning regression analyses.

An important aspect to note about this variance partitioning regression analysis is the
finding of a negative amount of variance accounted for by the shared factor between the list
lengths 1-3 in the short-term memory task and the list length conditions for the working memory
task. On the face of it, negative variance accounted for seemed nonsensical but this is actually a
relatively common issue with multiple regression analyses, called suppression (Smith, Ager, &

Williams, 1992). With classic suppression, as in this case, one or more factors have a negative

amount of variance due to another variable’s contributing variance being increased by the
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inclusion of other variables. Simply put, the overall variance for the regression analyses for each
factor and each combination of factors is less than the variance for one or more factors
individually. This leads to the individual factors contributing more variance than could be
contributed by the model together. In this model, it seemed likely that the working memory list
lengths 3-5 factor was able to contribute more to the model with the other factors included than it
did independently and thus it “stole” variance from the shared working memory and short-term
memory list lengths 1-3 factor, leaving that factor, which should have been close to zero, into a
negative number. This suppression is usually caused by including factors that are strongly
correlated and therefore, have multi-colinearity. While some researchers insist on removing
variables from multiple regression models for either not providing significant variance
independently or because they are correlated with the other factors, it has been suggested that
this removal process can distort the knowledge gained by leaving the variables in the model,
especially in the case of suppression (Shieh, 2006). Classic suppression was present in all of the
significant variance-partitioning analyses that we conducted, likely due to the short-term memory
short list length factor having a low, non-significant correlation with fluid intelligence, but this
factor helps other factors contribute more variance than should be possible.

We followed these multiple regression analyses with one in which we added the scope of
attention factor. This scope of attention factor (Cowan et al., 2005) is theoretically very similar
to primary memory but the two factors are measured in different manners. By including this
factor, we were able to test the practical similarity between the two factors as well as testing the
hypothesis of Cowan et al. (2005) that the scope of attention contributes significantly to fluid
intelligence and the relationship between working memory task performance and fluid

intelligence. See Table 9 for the simultaneous regression analysis with all four factors in the
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adult group. See Table 10 and Figure 15 for the results of the variance-partitioning regression

analyses with the scope of attention factor.

Table 9. The Simultaneous Regression Analysis with a Scope of Attention Factor Predicting
Intelligence for the Adult Group

Variable B t Sr? R? F
STM LL1-3 0.059 0.45 0.00

STM LL 5-7 -0.136 -0.89 0.01

WM LL 3-5 0.320 2.25* 0.08

Scope 0.354 2.44* 0.09 0.254 4.09**

Note: * indicates p < 0.05, ** indicates p < 0.01; LL stands for list lengths; STM stands for short-term memory;
WM stands for working memory

Table 10. The R? Values produced from Variance-Partitioning Regression Analyses with the
Scope of Attention Factor Predicting Intelligence in the Adult Group

Variables R2 F
STM 1-3, STM 5-7, WM 3-5, Scope 0.254  4.09**
STM 1-3, WM 3-5, Scope 0.242 5.21*
STM 1-3, STM 5-7, Scope 0.176  3.48*
STM 5-7, WM 3-5, Scope 0.251 5.48*
STM 1-3, STM 5-7, WM 3-5 0.162 3.15*
STM 1-3, Scope 0.175 5.29**
WM 3-5, Scope 0.241  7.93*
STM 5-7, Scope 0.167  5.01*
STM 1-3, WM 3-5 0.175 5.29*
STM 1-3, STM 5-7 0.035 0.92
WM 3-5, STM 5-7 0.162  4.82*
Scope 0.167 10.21**
STM 1-3 0.009 0.45
STM 5-7 0.033 1.73
WM 3-5 0.161  9.82*

Note: * indicates p < 0.05, ** indicates p < 0.01; LL stands for list lengths; STM stands for short-term memory;
WM stands for working memory

In the four factor variance-partitioning regression analyses, the overall amount of
variance accounted for increased from 16.2% to 25.4%. The reason for the increased variance

was clearly the unique variance associated with the scope of attention as well as some of the
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Figure 15. Unique and Shared Variance from Short-term Memory List Length Conditions, and
Working Memory List Length Conditions, and Scope of Attention Predicting Fluid Intelligence
for Adult Group
shared variance with scope of attention and the other three factors. Instead of seeing a clear
distinction between primary and secondary memory in this analyses, there seems to be a working
memory factor and a scope of attention factor that both contributed to fluid intelligence. It was
difficult to see which factors then reflect primary memory in its theoretical lack of a relationship
with fluid intelligence.

We conducted very similar simultaneous and variance-partitioning regression analyses
with the 8-9 year-old group. We began with the simultaneous regression analysis for the three
factors: short-term memory list lengths 1-2, short-term memory list lengths 4-7, and working

memory list lengths 2-4. This regression analysis is depicted in Table 11.

Table 11. The Simultaneous Regression Analysis Predicting Intelligence for the 8-9 Year-old
Group
Variable B t Sr? R? F

STMLL 1-2 -0.05 -0.34 0.00
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(Table 11 cont.)
STM LL 4-7 0.41 2.25* 0.10
WM LL 2-4 0.25 1.33 0.04 0.339 5.48*

Note: * indicates p < 0.05, ** indicates p < 0.01; LL stands for list lengths; STM stands for short-term memory;
WM stands for working memory

Table 12. The R? Values produced from Variance-Partitioning Regression Analyses with the
Scope of Attention Factor Predicting Intelligence in the 8-9 Year-old Group

Variables R2 F
STM 1-2, STM 4-7, WM 2-4 0.339 5.48*
WM 2-4, STM 1-2 0.235 5.06*
WM 2-4, STM 4-7 0.337 8.39*
STM 1-2, STM 4-7 0.303 7.18**
WM 2-4 0.233 10.33**
STM 1-2 0.007 0.24
STM 4-7 0.303 14.77*

Note: * indicates p < 0.05, ** indicates p < 0.01; STM stands for short-term memory; WM stands for working
memory

WMLL 2-4 STM LL 4-7

Criterion = gF

Rz =.339

STM LL 1-2

Figure 16. Unique and Shared Variance from Short-term Memory List Length Conditions, and
Working Memory List Length Conditions Predicting Fluid Intelligence for the 8-9 Year-old
Group
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Unlike the adult simultaneous regression, the only factor in the 8-9 year-old group with a
significant t value was the longer short-term memory list lengths rather than the working
memory list length conditions. The amount of variance accounted for by this regression was also
larger than the same regression for the adult group (16.2% compared with 33.9% for this age
group). We followed this with the variance-partitioning regression analyses (see Table 12) to
determine the unique and shared variances (see Figure 16 for the Venn Diagram).

These analyses, like the simultaneous regression analysis, yielded very different
outcomes than the adult group analyses. Whereas, the adult group’s working memory factor and
the shared short-term memory partition were the main contributors, the 8-9 year-old group’s
shared short-term memory factor was the main contributor, with smaller contributions from the
shared short-term memory list lengths 1-2 factor and working memory factor and from the longer
short-term memory list length factor alone. This analysis once again calls into question the
hypothesis of Unsworth and Engle (2006) that secondary memory, which can be measured in the
long short-term memory trials or during the working memory task, is the only factor to
contribute to fluid intelligence. Their claims were not made specifically with children in mind,
but in terms of the generality of the proposed model, the same model in adults should be seen in
children to uphold its validity. De Alwis et al.’s (2009) findings supported the Unsworth and
Engle (2006) model in children but our findings do not support the generalization of the model.

Then, the scope of attention factor was added to the analyses. Table 13 shows the
simultaneous regression analysis for the four factors with only the long short-term memory list
length factor contributing a significant amount of variance. This analysis was followed by the
variance-partitioning regression analyses (seen in Table 14 and Figure 17). Adding the scope of

attention factor only increased the variance accounted for by 2.4%, which is a much smaller
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percentage than when the scope of attention was added to the other 3 factors in the adult group.
These analyses indicated that the shared factors with the long short-term memory factor as well
as the long short-term memory factor alone accounted for the greatest amount of variance. The
greatest amount of variance was predicted by the shared variance between the long short-term
memory factor, the working memory factor, and the scope of attention factor. Given the
similarity between the theoretical definition of the scope of attention and it’s similarity to the
definition of primary memory, it seems unusual for a shared component of those three factors to
account for the most variance in fluid intelligence.

Table 13. The Simultaneous Regression Analysis with the Scope of Attention Factor Predicting
Intelligence for the 8-9 Year-old Group

Variables B t Sr2 R? F
STM 1-2 -0.07  -0.49 0.00

STM 4-7 0.40 2.21*  0.10

WM 2-4 0.18 0.95 0.02

Scope 0.17 1.08 0.02 0.363 4.42*

Note: * indicates p < 0.05, ** indicates p < 0.01; STM stands for short-term memory; WM stands for working
memory

Table 14. The Rz Values produced from Variance-Partitioning Regression Analyses with the
Scope of Attention Predicting Intelligence in the 8-9 Year-old Group

Variables R2 F

STM 1-2, STM 4-7, WM 2-4, Scope 0.36 4.42**
STM 1-2, WM 2-4, Scope 0.26 3.81*
STM 1-2, STM 4-7, Scope 0.35 5.61*
STM 4-7, WM 2-4, Scope 0.36  5.96**
STM 1-2, STM 4-7, WM 2-4 0.34 5.48**
STM 1-2, Scope 0.12 2.30
WM 2-4, Scope 0.26  5.77*
STM 4-7, Scope 0.34  8.57*
STM 1-2, WM 2-4 0.24 5.06**
STM 1-2, STM 4-7 0.30 7.18**
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(Table 14 cont.)

WM 2-4, STM 4-7 0.34 8.39**
Scope 0.12  4.75**
STM 1-2 0.01 0.24

STM 4-7 0.30 14.77*
WM 2-4 0.23 10.33*

Note: * indicates p < 0.05, ** indicates p < 0.01; STM stands for short-term memory; WM stands for working
memory

WM LL 2-4
STM LL1-2
.018 .005
122 -.002 -.003
.100
117 .013
.024
STM LL 4-7 S
-001 /N -.267 cope
.018
.001
214 Criterion = gF
.004
R?=.363

Figure 17. Unique and Shared Variance from Short-term Memory List Length Conditions, and
Working Memory List Length Conditions, and Scope of Attention Predicting Fluid Intelligence
for 8-9 Year-old Group

Finally, the 10-11 year-old group’s data were analyzed similarly to the adult group and
the 8-9 year-old group. We began with a simultaneous regression with three factors: short-term
memory short list lengths, short-term memory long list lengths, and working memory list
lengths. Given the general lack of correlations with the list length conditions in the memory

tasks and fluid intelligence, it was not surprising that this regression analysis was not significant

(see Table 15).
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Table 15. The Simultaneous Regression Analysis Predicting Intelligence for the 10-11 Year-old
Group

Variables B t Sr2 R? F
STM 1-3 0.33 1.62 0.08

STM 5-7 -0.11 -0.57 0.01

WM 2-5 -0.17  -0.86 0.02 0.085 0.93

Note: STM stands for short-term memory; WM stands for working memory
After this analysis failed to indicate a significant predictor variable for fluid intelligence,

we added the scope of attention factor to the other three to examine whether that might produce a
significant model (See Table 16). While the R2 did indicate that more variance was explained,
none of the four factors reached significance nor did the model as a whole.
Table 16. The Simultaneous Regression Analysis with the Scope of Attention Factor Predicting
Intelligence for the 10-11 Year-old Group

Variables B t SI? R2 F

STM 1-3 0.36 1.76 0.09

STM5-7 -0.16 -0.83 0.02

WM 2-5 -0.20 -0.99 0.03

Scope 0.22 1.22 0.04 0.129 1.08
Note: STM stands for short-term memory; WM stands for working memory

Differences in Findings Based on Scoring Differences
In addition to performing analyses based on those of Unsworth and Engle (2006), we also
explored how different scoring methods for our short-term and working memory tasks could
impact their relationship with fluid intelligence. An article by Unsworth and Engle (2007b)
brings to light the importance of scoring procedures used for short-term and working memory
tasks in their ability to predict fluid intelligence. These differences in scoring procedures impact
the predictions that we can make here because in certain cases, it has been found that working

memory tasks, but not short-term memory tasks, predict fluid intelligence (Engle, Tuholski et al.,
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1999) but in the reanalysis of Engle, Tuholski et al., Unsworth and Engle (2007b) found that
both tasks together strongly predict fluid intelligence but not individually. In one of the few child
studies examining how short-term memory and working memory relate to fluid intelligence,
Cowan et al. (2005) found that both were good predictors for younger children but only working
memory performance was predictive for their older children and adult samples, similar to the
findings of Engle, Tuholski et al. Interestingly, Cowan et al. (2005) used a slightly different
scoring procedure than Engle, Tuholski et al. (1999) or Unsworth and Engle (2007Db).

Engle, Tuholski et al. (1999) used a method of scoring the tasks known as absolute
scoring. This method scores each trial of the working memory and short-term memory task as
correct if all items in that trial were recalled in correct serial order, but incorrect if any one item
is incorrect (wrong item or wrong placement). Then a sum is taken of the total number of items
in each of the perfectly recalled trials across each list length condition. The scoring procedure
used by Unsworth and Engle (2007b) was called the proportion correct scoring. This method
counts each item correct if it is in the correct serial position, whether the entire list is correct or
not. Then the total number of correct items is divided by the total number of items during the
trials at any given list length and then these proportions are averaged to make a single score for
the participant. Cowan et al. (2005) utilized two different scoring methods but they state that the
second produced higher correlations so their results were reported from the second method. The
first method is what they call the “traditional scoring method” for spans and identifies the highest
list length at which at least 50% (in our case 2 out of 4) of the trials were recalled in correct
serial order. The second method is called the “maximal number correct” scoring and it averages
the total number of items in correct serial position for each list length condition and the list

length condition with the highest average of items correct uses its average score as the span.
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Another method of span calculation that has been used is known as “cumulative span” (Elliott,
2002) and is calculated by assigning .25 for each correct trial and then adding up the total score.
This score then assigns 1 point for each correctly recalled list length because there were four
trials at each list length. Because of the differences in previous findings, performing these
analyses could have indicated that both children’s and adults’ short-term memory and working
memory performance are good predictors of fluid intelligence. See Table 17 for the Pearson r
correlations for each task in each age group with the five different methods previously described.

While there does not seem to be many systematic differences between the resulting
correlation coefficients for the different methods, there are some important findings. First of all,
the adult group has many more significant correlations between task performance and fluid
intelligence for the working memory tasks than for the short-term memory performance.
However, in the 8-9 year-old group, the significant correlations are almost equal between the
short-term memory tasks and the working memory tasks. The one scoring method that seems to
stand apart is the Maximal Number Correct Scoring Technique of Cowan et al. (2005). This
technique produced one strong correlation that the other methods did not indicate, the correlation
between the listening span task in the adults and fluid intelligence. The technique also did not
show correlations that were found using other techniques in the 8-9 year-old group: the
correlations for the digit span task, the counting span task, and the listening span task.

Conway et al. (2005) examined the differences between scoring techniques for working
memory tasks only. They identified some different techniques that are commonly utilized:
absolute span scoring, all-or-nothing versus partial scoring, and unit-scoring versus load scoring.
The traditional scoring method and the maximal number correct scoring that we used would both

be considered absolute span scoring. Absolute scoring and cumulative span scoring both use all
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Table 17. Correlations between Different Methods of Scoring Memory Tasks and Fluid
Intelligence

Proportion  Traditional Maximal

Absolute Correct Scoring Number  Cumulative
Adults Scoring Scoring Method Correct Span
STM Tasks Digit Span 0.14 0.05 0.31* 0.11 0.13
Word Span 0.32* 0.24" 0.21 0.24" 0.34*
WM Tasks Counting Span 0.40** 0.37** 0.28* 0.47* 0.41*
Listening Span 0.23» 0.21 0.18 0.36** 0.21
8-9 Year Olds
STM Tasks Digit Span 0.47** 0.54** 0.40* 0.22 0.45**
Word Span 0.53* 0.53** 0.46** 0.46** 0.53*
WM Tasks Counting Span 0.33* 0.317 0.36* 0.25 0.38*
Listening Span 0.46** 0.46** 0.50** 0.06 0.48**
10-11 Year Olds
STM Tasks Digit Span -0.09 -0.15 -0.13 0.07 -0.08
Word Span 0.19 0.14 0.21 0.02 0.22
WM Tasks Counting Span -0.13 0.01 -0.03 -0.07 -0.15
Listening Span -0.25 0.04 -0.28 -0.10 -0.25

Note: ~ indicates p < 0.10; * indicates p < 0.05, ** indicates p < 0.01; STM stands for short-term memory; WM
stands for working memory; Adult n =53, 8-9 year-olds n = 36, 10-11 year-olds n = 34

or none scoring; whereas, proportion correct scoring utilizes partial scoring. The absolute
scoring, proportion correct scoring and cumulative span scoring also incorporate unit-scoring, by
not giving more weight to longer list lengths than the shorter list lengths. In terms of reliability of
the scoring techniques, Conway et al. (2005) found that the partial scoring was more reliable
than the all or nothing scoring and additionally that the unit scoring was slightly more reliable
than load scoring. They did not calculate the reliabilities for absolute span scoring although they
pointed out several potential flaws with using the span scoring technique. These reasons include
extraneous variables that could affect performance on longer list lengths, such as length of the
stimuli or display time for different stimuli, and also the fact that after the participant fails to
complete the trials at a given list length, the task is ended or the longer list length performances

are not considered at all in the score.
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According to this study, the most reliable scoring technique that we utilized was the
proportion scoring technique. However, this technique was not completely suited to our main
goals, since we were interested in the span capacities for the short-term and working memory
tasks to be able to calculate the capacities of the primary memory and secondary memory. The
cumulative span measure that we used did not have all of the flaws of the absolute span scoring
that Conway et al. (2005) believed was more prone to reliability issues. First of all, our
participants completed list length conditions much longer than the possible maximum capacity
for both the short-term and working memory tasks. Secondly, some span scores create an integer
span (a whole number) and the cumulative span increases the sensitivity of the measure because

each additional list length longer than the more traditional span added .25 to the total score.
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DISCUSSION

The goals of the current study were to measure primary and secondary memory in both
children and adults, to examine how these two types of memory differed between the age groups.
Another goal was to test the hypotheses of Unsworth and Engle (2006) regarding the
characteristics of these two different constructs and their relationship to fluid intelligence.
Unsworth and Engle (2006) made multiple predictions regarding primary and secondary memory
and the way that these constructs should be measured by short-term and working memory tasks.
Finally, the last major goal was to examine why short-term memory task performance sometimes
predicts fluid intelligence (in children, Cowan et al. 2005) but other times only working memory
task performance was a good predictor of intelligence (in adults, Engle, Tuholski et al., 1999).
To better understand this relationship, we included the scope of attention as a factor, which
Cowan et al. (2005) described in a manner similar to the definition given for primary memory
(Unsworth & Engle, 2006), and we explored different methods of calculating performance from
short-term and working memory tasks.

Assumptions and Development of Primary and Secondary Memory

First, we created a table (Table 4) to facilitate direct comparisons of performance on
short-term and working memory tasks, as well as primary memory capacity and the retrieval
capacity from secondary memory. For the most part, we found that the assertion that short-term
memory capacity is based on adding together primary memory capacity and the average retrieval
from secondary memory to be inaccurate. For all of the age groups, the short-term memory span
was higher than the addition of primary and secondary memory capacities, with the difference
being smaller in the older groups and larger in the youngest group. The assertion that working

memory capacity could be measured by adding average retrieval from secondary memory to the

71



assumed 1 item in primary memory, was also inaccurate. For the 8-9 year-old group, the
estimate was higher than the actual working memory span. For the 10-11 year-old group, the
estimate was almost identical to the actual working memory span. For the young adult group,
the estimate was less than the actual working memory span. Thus, it seems that there is an
additional factor assisting in short-term memory capacity. The calculation of secondary memory
plus 1 item for working memory seemed to overestimate the ability for the youngest age group
and underestimate the ability for the young adult group. Perhaps in the young adults, primary
memory is able to assist with more than 1 item in secondary memory (Shelton et al., 2010).

Our results also differed from the published results of Unsworth and Engle (2007b).
Their study compared high and low span adults for their capacity of primary memory and the
average retrieval ability from secondary memory. When the two groups were averaged, the
primary memory capacity was about 3.48 and the average of secondary memory was 2.18. Our
results indicated that primary memory capacity was much higher (4.43 items) but that secondary
memory retrieval was a little lower (1.98 items). The overall total short-term memory capacity
would be very similar in both cases, but the measurement of the two constructs resulted in very
different estimates. It is possible that the difference in overall difficulty between the tasks used
by Unsworth and Engle (2007b) and our tasks, which were designed for children, could explain
the difference in the primary memory capacities. The differences between the difficulty levels of
the tasks did not seem to be a valid explanation for the differences in secondary memory
retrieval. If overall retrieval was limited perhaps by the retrieval time (Barrouillet, Bernardin, &
Camos, 2004), then the different secondary memory retrieval estimates are consistent. For

example, regardless of how many items are retrieved from primary memory, if there is a set time
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limit for retrieval then the items from secondary memory must be retrieved before too much
decay had occurred.

Another interesting finding was the quite impressive difference between the primary
memory estimates for the child groups and that of the adult group. There was not a large
difference in the number of items (almost 3) that the 8-9 year-olds could maintain in primary
memory versus the 10-11 year-olds (difference of .09 items). The adult group could maintain
close to 1.5 items more in primary memory, making their primary memory estimate close to 4.5
items. Therefore, in looking at differences between the age groups in terms of short-term
memory performance, primary memory capacity must develop a great deal during adolescence;
whereas, secondary memory retrieval is more consistent throughout the age groups that were
included in this study. These results showing age group differences support the findings of Foos
et al. (1987), even though very different methodologies were used.

The slopes and correlations of the differing list lengths in the STM and WM tasks for the
8-9 year-old group were surprisingly similar to the adult group, so it seems reasonable to state
that children in this age group were able to use primary memory, while it is not as developed as
in adults, and they were also able to retrieve items from secondary memory at almost the same
level as the adults.

There was another assertion that we tested in the current study regarding the Unsworth
and Engle (2006) description of primary memory. This assertion was that one item was always
in primary memory during working memory tasks and during short-term memory tasks. This
item would always be the final item presented because it did not have any interruption from the
processing component of the task before recall. We tested this directly by including a 1-item list

length condition in both types of tasks. As can be seen in Tables 1-3, the means for the list
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length 1 conditions range from .97-1.00 with SDs ranging from .02-.07 across the different age
groups. This variance indicates that none of the groups had perfect performance for the 1-item
conditions. Thus, our data suggest that one item is not always maintained in a 1-item trial
without any retrieval interference.

Conceptual Replication of Unsworth and Engle (2006)

To facilitate comparisons between the current results and those reported in Unsworth and
Engle (2006), we started with the proportion correct serial position scoring for each of the list
length conditions in the short-term memory and working memory tasks. In each of the three age
groups, our ANOVA results examining the slopes of the decline in performance for each type of
task was similar to Unsworth and Engle (2006). Especially noteworthy were the results of the
comparison between the long list length conditions in the 8-9 year-old group. The slopes of the
lines were so close for the list lengths 5-7 for the short-term memory task and list lengths 3-5 for
the working memory task that the ANOVA failed to produce a significant interaction effect;
whereas, the adult group and the Unsworth and Engle (2006) group had a small but significant
interaction effect for the same comparison.

The correlation analyses between the list length conditions and fluid intelligence did not
fully replicate Unsworth and Engle (2006) in the adult group. In general, the correlations in our
young adult group were smaller and some of the predicted correlations with the longer list
lengths and fluid intelligence were not significant. There were many similarities between our
correlation coefficients and the ones reported by Unsworth and Engle (2006). For instance, our
adult group showed higher correlations with intelligence for the longer list length conditions in
the short-term memory tasks and in the longer list lengths of the working memory tasks. These

short-term memory correlations were reduced substantially when the working memory list length
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conditions were partialled out. The working memory correlations were reduced somewhat when
the short-term memory correlations were partialled out but not as much as in the previous
analysis. These findings indicated that longer list lengths in the short-term memory tasks were
measuring secondary memory capacity, and by removing the variance associated with the
working memory list lengths which also measure secondary memory capacity, the overall level
of the correlation should be similar to that between primary memory and intelligence.

There were also differences in the pattern of results for the 8-9 year-old group and the 10-
11 year-old group. The 8-9 year-old group did show significant correlations between the longer
list lengths in both the short-term and working memory tasks but both sets of correlations were
decreased by removing the variance associated with the other task, with the working memory list
length correlations showing a greater reduction than the short-term memory list length
correlations. This finding may indicate that for this age group, the long short-term memory
conditions are a better indicator of secondary memory than the working memory conditions.
There was also a reduction in the raw correlations in the working memory task, with the list
length 5 condition having the lowest correlation with intelligence than any of the other 4
conditions. The 10-11 year-old group was much more problematic in terms of correlations
between the list length conditions and fluid intelligence. Only one of the list length conditions,
working memory list length 5 condition, was significantly correlated with the fluid intelligence
composite scores. Without significant correlations, the 10-11 year-old group could not replicate
any other part of the Unsworth and Engle (2006) findings, which relied heavily on the
hypothesized relationship between secondary memory and intelligence and the lack of a

relationship between primary memory and intelligence. These findings suggest that 10-11 year-
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olds may be in a transition period in their development, as their results were quite different from
the other two age groups.

The simultaneous and multiple regression analyses for the adult group also did not
provide a complete replication of Unsworth and Engle (2006). With the three factors, short-term
memory list lengths 1-3, short-term memory list lengths 5-7, and working memory list lengths 3-
5, the greatest contributors to variance in fluid intelligence were working memory factor and the
shared contribution of the two short-term memory factors. Unsworth and Engle’s primary
contributor to fluid intelligence was the shared contribution of the working memory factor and
the short-term memory long list lengths factor. This primary contributor supported their
hypothesis that both of these factors tap retrieval from secondary memory, which is a strong
predictor of fluid intelligence. Our results, however, suggested a dual-factor model that predicts
fluid intelligence which does not fit into the primary and secondary memory model suggested by
Unsworth and Engle (2006). Additionally, when the scope of attention is added as a factor, it
contributes more unique variance than the working memory factor. A large portion of shared
variance was observed between the scope of attention factor and the working memory factor in
the prediction of fluid intelligence. This finding supports Cowan et al.’s (2005) results that
showed the scope of attention to be an important contributor to intelligence and that it shared
variance with working memory.

One important side note is that there was not a large amount of variance shared between
the short-term memory list lengths 1-3, which were intended to measure primary memory, and
the scope of attention. These two factors, primary memory and the scope of attention, are
theoretically identical but the lack of shared variance suggests that either the two constructs are

distinct or that the measurement of one is not valid.
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The 8-9 year-old group also did not replicate Unsworth and Engle’s (2006) findings in
the simultaneous and multiple regression analyses. By far, the strongest contributor of variance
to fluid intelligence was the shared variance between the two short-term memory factors in the
three factor model. In this group, the three factors predicted a larger amount of variance in fluid
intelligence than in the adult group. The other two factors that contributed the most were the
unique short-term memory list lengths 4-7 factor and the shared working memory and short-term
memory list lengths 1-2 factors. This model does not match what would be predicted if these
three factors represent primary and secondary memory. In fact, there should not be any shared
variance between the working memory and short-term memory list lengths 1-2 because they are
supposed to represent two distinct factors, but yet the shared variance is an important contributor.

In turning to the simultaneous and multiple regression analyses with the scope of
attention factor added, the 8-9 year-old group’s results one again did not match the adult group
or Unsworth and Engle (2006). Instead, the shared variances with the short-term memory list
lengths 4-7 factor contributed the most to predicting fluid intelligence. The shared variance
between the working memory factor, scope of attention, and the long lists short-term memory
factor contributed the greatest amount of variance. Once again, this finding supports Cowan et
al. (2005) showing that the scope of attention shares variance with working memory and in this
case, the long lists short-term memory factor, and the scope of attention was a predictor of fluid
intelligence, but not alone in this model.

The 10-11 year-old group could not add much to our understanding of how primary and
secondary memory relate to fluid intelligence. In this age group, the measurements of primary
and secondary memory were not even significantly correlated with fluid intelligence, with the

single exception of the longest list length condition in the working memory tasks. The disparity
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of significant correlations was most likely reflective of the fact that the three measures of fluid
intelligence did not correlate with each other very strongly. In fact, only one of the three
correlations was significant. These measures, although intended for use with children, did not
seem to measure the same aspect of fluid intelligence in this age group. This could reflect some
type of unintentional sampling bias, in which children with abnormal memory abilities were
more likely to volunteer for participation in the study. Neurologically, these children are nearing
or have started a pubertal change, which is also known to be the peak of gray matter
development, but the white matter will continue to increase throughout adolescence and into
young adulthood (Bunge & Wright, 2007; Giedd et al., 1999). These changes in gray matter are
followed by widespread cell death during adolescence and the areas with increased gray matter
are not well-connected to other areas of the brain through white matter development. These
changes in the brain are affecting primarily the frontal lobes, and specifically the areas of the
brain known to be important to working memory, and could possibly be upsetting the typical
relationship between working memory and intelligence.

In terms of the means for this age group for the important variables, they fell between the
youngest age group and the young adult group, as would be expected. In comparing the means
on tasks used in this study and in the Cowan et al. (2005) Experiment 1, the 10-11 year old age
group in our study had slightly lower scores than their sample, but that difference between the
samples was also seen in the comparisons between the adult groups and the 8-9 year-old groups.
When we examined the 10-11 year-old group for outliers, the only two that could be identified
were close to 2.5 standard deviations from the mean, not exceeding 3 standard deviations and
removing these individuals did not dramatically alter the relationship between short-term

memory/working memory and fluid intelligence.
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Methodological Comparisons

To begin the comparisons, we examined how our study differed from Unsworth and
Engle (2006). In many ways, our adult sample’s results replicated Unsworth and Engle (2006),
but as mentioned previously, there were several outcomes that did not replicate those of
Unsworth and Engle (2006). There were many possible methodological differences between the
two studies that could explain the differences. The most obvious perhaps is sample size. In our
study, we had 53 adult volunteers, but the Unsworth and Engle (2006) sample included 235
adults. One other clear difference between the studies was the tasks selected to measure short-
term and working memory. Our study, with a clear focus on developmental differences, utilized
less difficult working memory tasks: the counting span and listening span; whereas, Unsworth
and Engle (2006) utilized operation span and reading span, which have greater loads on basic
arithmetic knowledge and reading ability. Furthermore, in both studies, the word span was
utilized as a short-term memory task, but we used the digit span as the other short-term memory
task and Unsworth and Engle (2006) utilized letter span. We selected the different short-term
memory tasks to share features with our working memory tasks. With both word span and
listening span, the items-to-be-recalled were words so we wanted to have the same relationship
between digit span and counting span. With the difference of tasks, it is important to note that
we did not see ceiling performance for any of our tasks, suggesting that the difficulty was
sufficient to allow for enough variability in the study.

There were also differences in the tasks selected to measure fluid intelligence. With our
desire to examine young children, we wanted to select measures that were commonly used with
those age groups and were easy and engaging enough to keep children involved. For the

Unsworth and Engle (2006) participants, only some of the fluid intelligence task trials were
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selected beforehand to be completed. Our participants completed the entire fluid intelligence
tasks for our study (with restrictions in the tasks for ending the task early for a given number of
consecutive missed items; WISC-IV tasks). Once again, it was extremely rare for any
participants in our study to receive a perfect score on any of the fluid intelligence measures.

Another difference was procedural in nature, Unsworth and Engle’s participants had
completed a total of 25 different tasks divided between 3 different 1.5-2 hour long sessions,
separated by 1-4 weeks each (Kane et al. 2004). These sessions were also partially
counterbalanced while our sessions utilized a single task order. Our adult participants completed
the entire experiment in a single two hour session. Another possible difference was that the
experimenters entered data for the working memory tasks and fluid intelligence tasks, but the
participants in Unsworth and Engle (2006) entered their own data for the short-term and working
memory tasks, and fluid intelligence tasks. In is not completely evident how these differences
might have influenced the relationship between memory performance and fluid intelligence.
However, the youngest age group in our study had results that replicated Unsworth and Engle
(2006) in many aspects better than the young adult group. This difference could speak to the
difference in difficulty levels between the tasks: our tasks designed to be simpler might have
been a more similar level of difficulty to the tasks used by Unsworth and Engle (2006) for use by
adult participants.

Next we examined the methodological differences between the current study and Cowan
et al. (2005). There were some differences in the tasks used: they did not use word span, they
did use a third scope of attention task called memory for ignored sounds, and they did not
administer the intelligence measures but obtained them from the participants or the participants’

schools. They used a fixed order of tasks but they always used two different sessions, each
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lasting 1-1.5 hours. The sample size was very similar between each of the experiments presented
in Cowan et al. (2005) and our study. They used a different method of scoring that was not
dependent on the list lengths for the short-term and working memory tasks. We also saw
differences in the reliability of our visual array comparison task compared to Cowan et al.
(2005). Our visual array comparison task had very low reliability (See Appendix E) and did not
correlate well with the running span task, likely due to the lack of reliability. This lack of
reliability was likely due to substantially fewer trials in our version of the task (36 trials)
compared to Cowan et al.’s (2005; 128 trials).

The results of the multiple regression analyses supported Cowan et al. (2005) more
strongly than Unsworth and Engle (2006). The Cowan et al. (2005) Experiment 1 findings
demonstrated differences in the prediction of intelligence between the child groups and the adult
group. For the adult group from Cowan et al. (2005), the shared variance between the three
factors: working memory tasks, digit span, and scope of control, was the largest amount of
variance followed by the unique variance from the working memory tasks. This result of shared
variance between the different factors being the most important was replicated in our findings.
There were slight differences between the adult and child groups as well in Cowan et al. (2005).
In their child group, the shared variance between the scope of attention and digit span was the
greatest, and the shared variance between the three factors was also an important contributor.
The unique variances for each of the three factors contributed about the same amount of
variance, with the greatest unique contributor of the three being the digit span. In our child
group, we saw that the short-term memory long list lengths contributed a large amount of

variance in addition to the shared scope of attention factor with other factors.
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Do Children Use Primary and Secondary Memory Like Adults?

Like most areas of psychology, the answer is most likely a combination of yes and no.
The children showed similar performance levels to adults in both short-term memory tasks and
working memory tasks. The difference between children and adults seemed to be in the
relationship between secondary memory and fluid intelligence. The adult group in the current
study did not replicate entirely the results of Unsworth and Engle (2006) which were clear in that
the elements measuring secondary memory were also the elements that predicted intelligence. In
the current study, none of the age groups showed this clear pattern. Instead, with the 8-9 year-
old group and the adults, there was evidence that another factor, the scope of attention,
contributed to the prediction of intelligence as much or more than the secondary memory factors.
Overall, these results call into question the validity of dividing short-term and working memory
task performance into primary memory capacity and average retrieval from secondary memory.
The model for the 8-9 year-olds did not match the adult model either, suggesting that there are
differences in how performance in these tasks relate to intelligence for different age groups.

The Measurement and Analysis of Primary and Secondary Memory

Primary and secondary memory were measured very differently during the 1960s-1980s,
compared to the current research. Almost all of the research was done with adult participants
and the researchers primarily depended on immediate free recall tasks to measure the two
constructs (Watkins, 1974). The goal of that body of work was mostly to determine the structure
of short-term memory and to explain the phenomenon of the recency effect (Waugh & Norman,
1965). The goals of some working memory research of more recent times has been to examine
the processes involved in working memory task performance and to explain why working

memory is related to intelligence (Conway et al., 2002; Cowan, 2001). Unsworth and Engle
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(2006) utilized the concepts of primary and secondary memory to better understand possible
processes underlying working memory performance. Their methods were in some ways an
improvement over the previous methods of measuring primary and secondary memory because
these methods allowed for multiple techniques for calculating an individual’s primary memory
capacity and therefore know how much of the recalled memory came from secondary memory
retrieval (Watkins, 1974). This improvement was especially vital to our goal for the current
study, which was to examine how primary memory differed between child and adult age groups.
De Alwis et al. (2009) made the assumption that all age groups had a capacity of 4 items in
primary memory. However, our results indicated that the 8-9 year-olds only had a capacity of
2.9 items.

While the differentiation of primary and secondary memory in a short-term or working
memory task might be novel method of analyzing the underlying processes, we were not able to
support the findings of Unsworth and Engle (2006) that only secondary memory was predictive
of fluid intelligence. We were also unable to show the link between primary memory and the
scope of attention, two constructs with very similar definitions, but in our study, they had very
little shared variance. In these two discrepancies, we see that the theoretical definitions and
assertions do not match the results. The theoretical difficulties related to primary and secondary
memory measurement were likely an important reason that research on these constructs declined
in the 1980s. Although the Unsworth and Engle (2006) method of measuring primary and
secondary memory has been shown to be more reliable than previous methods, these methods
were not able to impart a better understanding of the underlying processes involved in working
memory nor a better understanding for why working memory task performance is a stronger

predictor of intelligence than short-term memory task performance.
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Future Directions and Conclusions

The current study examined how primary memory and secondary memory are different
between children and adults. However, it seems evident now that the relationships between
short-term memory task performance, working memory task performance, and fluid intelligence
change with development, and may be more complicated than suggested by Unsworth and Engle
(2006). We were able to offer support for Cowan et al. (2005) by showing that the scope of
attention is an important factor related to working memory performance and predicting fluid
intelligence. More research is needed to examine how children’s performance of working
memory and short-term memory tasks differs from that of adults.

Another interesting observation in the course of this research was the different methods
used by different researchers to examine practically identical data. These different scoring
methods not only can obscure the similarities between studies, but they can lead to different
conclusions about the processes being studied. It is important for similar scoring techniques to
be adopted so that cross-study comparisons can help the field grow instead of dwelling on
differences found by different camps of researchers. Children seemed to perform short-term
memory tasks and working memory tasks similarly to adults, which the largest difference being
the number of items which children can hold actively while performing these tasks.

At the beginning we set out to learn about how working memory “works” and why
working memory predicts intelligence. For the 8-9 year-old group, the working memory factor
was less important that the long list length factor from the short-term memory factor. However,
the working memory factor was more important that either of the short-term memory factors.
This finding suggests that children use different processes for working memory than the young

adult group. This factor might be as simple as rehearsal processes, which are not generally
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utilized by the younger age group, to more complicated combinations of processes. The long list
length short-term memory factor for the youngest age group likely required more complicated
processing to be able to perform similar to the complicated processing used by the young adult
group during the working memory tasks. The importance of understanding the scope of attention
is increased given the current results. It seemed obvious that the scope of attention tasks were
not measuring primary memory capacity, even though the definition would have suggested that
the two constructs are the same. Since the scope of attention is an important factor in predicting
fluid intelligence for both the 8-9 year-old group and the young adult group, this construct could
provide an age-constant means for understanding the relationship between short-term memory
and working memory as well as the understanding for why these factors are predictive of fluid

intelligence.
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Practice
Stimuli

sun
ticket
line
ring
page
book
coat
lady

List
Length
1
summer
year
voice
iron

APPENDIX A

LIST OF WORDS USED IN WORD SPAN TASK

List
Length
2
help
march
cold
head
picture
whisper
church
jump

List
Length
3

smile
tear
aunt
half
face
park
lunch
butter
cover
water
hold
coffee

List
Length

4
step
land
arm
dress
uncle
box
place
brother
mother
€99
wood
heart
people
ice
letter
look
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List
Length
5

brush
ball
window
dad
drink
turn
station
night
nod
call
play
age
bag
money
hall
lie
whole
square
sound
bed

List

Length
6

pocket
heat
fight
car
guess
paper
wash
winter
find
supper
salt
back
eye
room
shop
note
burn
minute
walk
juice
wrong
door
touch
nose

List

Length
7

road
woman
ground
game
answer
close
nurse
school
dog
try
smoke
rest
fruit
men
knee
cake
garden
girl
music
ship
bridge
home
body
saw
fat
green
spot
finish




APPENDIX B

PICTURE STIMULI USED IN THE COUNTING SPAN TASK
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APPENDIX C

LIST OF SENTENCES USED IN THE LISTENING SPAN TASK

List Length Percent

Sentence TorF Condition Accuracy

Always wear your seatbelt in the car. T 1 0.99
A frog says meow. F 1 0.98
Cats chase mice. T 1 0.99
A shape with three sides is a square. F 1 0.95
A kitten is a baby dog. F 2 0.99
Camels have humps. T 2 1.00
Sally is a girl's name. T 2 0.98
A giraffe has a long neck. T 2 0.99
Cheetahs run slowly. F 2 0.98
Bears sleep all summer. F 2 0.89
Sugar is sweet. T 2 1.00
A bicycle has four wheels. F 2 0.83
Rats can read books. F 3 1.00
Dogs chase cats. T 3 0.99
A triangle has four corners. F 3 0.95
A snake is covered with fur. F 3 1.00
You sleep in a piano. F 3 0.99
A circle is round. T 3 0.99
Plants grow from seeds. T 3 1.00
Ducks wear shoes. F 3 1.00
A monkey has a long tail. T 3 0.94
Airplanes fly in the water. F 3 1.00
Curtains cover a window. T 3 0.98
Birds eat worms. T 3 0.98
You wear pants on your arms. F 4 0.99
A robin is a bird. T 4 0.99
You can make a snowman in the desert. F 4 0.98
Some kites look like a diamond. T 4 0.98
Rain makes things dry. F 4 0.97
A chicken lays eggs. T 4 0.98
Leaves change color in the fall. T 4 0.99
Ants live in the ground. T 4 0.88
A hat goes on your head. T 4 1.00
In winter it is very hot. F 4 0.98
A sheep says moo. F 4 0.99
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We see things with our nose.

You wash clothes in the oven.

You can boil water in a pot.

Trees are made of rock.

Some kids ride a bus to school.

Mom cooks food in the bed.
Elephants are blue.

Toads live in a couch.

You keep clothes in a dresser.

You can smell things with your eyes.
Firemen put out fires.

Birds flap their wings to fly.
Sunlight and water make plants grow.
Mittens go on your hands.

People can ride on a horse.

Dogs have two legs.

A cat likes drinking milk.

The number after eight is nine.

A parrot can fly a plane.

Cows eat pudding.

Most grass is red.

You leave a building through the roof.
In the winter, some birds fly south.
Some cats sleep in the sun.

You eat at a table.

Fire is very cold.

Milk comes from cows.

A swan has purple feathers.

You can see stars at night.

Turtles run quickly.
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APPENDIX D

MEANS AND STANDARD DEVIATIONS FOR ALL OF THE TASKS AND
MEASUREMENT TECHNIQUES

8-9 year olds 10-11 year olds Young Adults
M SD M SD M SD
Block Design 2811  10.79 37.74 10.14 50.66  6.93
Matrix Reasoning 20.17 4.80 24.97 3.38 26.08 3.83
Raven's Matrices 34.81 9.30 39.88 6.54 46.89 6.31
Visual Array Capacity 2.74 1.40 3.14 1.27 4.26 0.89
Run Span Capacity 241 0.64 2.58 0.55 3.28 0.64
Digit Span Perfect Recall 3.19 1.04 3.06 1.15 4.94 1.61
Word Span Perfect Recall 2.61 0.99 2.88 0.88 3.92 0.78
Count Span Perfect Recall 1.69 0.75 2.09 0.79 2.64 1.00
Listen Span Perfect Recall 1.06 0.67 1.38 0.78 2.19 1.00
Digit Span Cumul Span 4.37 0.77 4.58 0.67 6.17 0.66
Word Span Cumul Span 3.51 0.66 3.76 0.39 5.08 0.63
Count Span Cumul Span 2.85 0.67 3.21 0.55 3.87 0.55
Listen Span Cumul Span 1.82 0.63 2.34 0.58 3.19 0.79
Digit Span Trad Span 4.72 1.06 5.09 0.93 6.55 0.61
Word Span Trad Span 3.61 0.77 3.97 0.39 5.55 0.85
Count Span Trad Span 3.22 0.96 3.65 0.73 4.32 0.75
Listen Span Trad Span 2.14 0.87 2.59 0.82 3.45 1.01
Digit Span Max Span 3.53 0.91 3.68 0.84 5.55 1.07
Word Span Max Span 2.86 0.80 3.06 0.65 4.11 0.82
Count Span Max Span 1.92 0.65 2.32 0.88 2.94 0.95
Listen Span Max Span 1.39 0.60 1.56 0.61 2.40 0.95
Digit Span Prop Correct 0.66 0.12 0.70 0.10 0.92 0.07
Word Span Prop Correct 0.52 0.14 0.60 0.09 0.80 0.09
Count Span Prop Correct 0.59 0.14 0.67 0.12 0.80 0.11
Listen Span Prop Correct 0.37 0.15 0.54 0.11 0.68 0.17
Digit Span Absolute Score 50.11 15.57 54.71 14.88 89.91 16.39
Word Span Absolute Score  33.67 10.79 37.32 6.38 64.06 14.70
Count Span Absolute Score  24.83 9.14 29.85 7.57 40.13 9.27
Listen Span Absolute Score 11.92 7.41 17.88 6.90 29.34 11.77

The following tables show the correlations between the fluid intelligence tasks, scope of
attention tasks, and the various measurements used for each of the short-term memory and
working memory tasks for each age group separately.
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Correlations between the tasks and various measurements of the short-term memory and working memory tasks for the 8-9 year-old group.

29.

Block Design

Matrix Reasoning

Rawven's Matrices

Visual Array Capacity

Run Span Capacity

Digit Span Perfect Recall
Word Span Perfect Recall
Count Span Perfect Recall
Listen Span Perfect Recall

. Digit Span Cumul Span

. Word Span Cumul Span

. Count Span Cumul Span

. Listen Span Cumul Span

. Digit Span Trad Span

. Word Span Trad Span

. Count Span Trad Span

. Listen Span Trad Span

. Digit Span Max Span

. Word Span Max Span

. Count Span Max Span

. Listen Span Max Span

. Digit Span Prop Correct

. Word Span Prop Correct

. Count Span Prop Correct

. Listen Span Prop Correct

. Digit Span Absolute Score
. Word Span Absolute Score
. Count Span Absolute Score
Listen Span Absolute Score

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
053 -

0.64 0.77 -

0.13 043 0.26 -

0.21 -0.08 0.26 -0.03 -

0.32 0.09 0.21 0.28 057 -

0.22 0.17 0.37 -0.04 0.46 021 -

0.37 0.18 0.21 011 0.12 026 0.26 -

0.55 048 0.72 027 024 015 029 032 -

0.44 031 042 022 055 062 047 039 036 -

0.44 0.46 048 0.25 041 039 0.64 0.40 0.47 0.69 -

0.36 030 0.35 0.17 030 0.33 056 0.76 0.45 0.56 0.69 -

0.48 0.37 0.42 0.27 041 027 042 034 074 045 065 051 -

036 0.35 0.35 0.22 040 034 041 032 026 0.86 0.66 0.44 038 -

0.34 042 043 030 030 035 047 034 043 058 090 062 055 060 -

0.34 028 0.32 0.17 023 030 042 053 042 047 055 085 043 029 051 -

0.49 041 041 016 039 022 040 024 057 047 062 046 090 045 056 041 -

024 011 023 0.20 050 059 0.39 0.29 032 0.73 0.44 047 046 042 0.34 045 041 -

0.35 0.38 047 0.12 032 017 069 0.26 039 048 0.74 051 049 043 052 0.27 036 026 -

030 0.12 0.22 0.14 024 032 048 065 027 056 052 069 035 046 045 044 033 042 042 -

0.02 0.12 0.01 0.20 0.10 0.06 0.07 0.34 0.23 -0.06 022 025 044 -0.05 0.15 0.09 0.33 0.03 0.18 016 -

0.49 0.47 046 0.22 032 048 044 047 032 091 069 063 037 085 063 050 042 057 046 0.63 -0.08 -

0.42 0.49 0.48 0.07 029 028 055 040 038 0.67 085 060 048 071 0.79 053 055 033 054 042 011 072 -

0.27 0.27 0.28 0.18 030 0.36 053 0.67 038 050 0.67 095 045 0.36 0.58 0.87 042 045 042 059 020 0.54 057 -

0.42 034 046 025 049 041 038 051 066 044 058 056 0.84 037 049 045 074 036 043 033 053 034 051 052 -

045 035 043 022 050 056 047 038 038 099 070 055 046 0.90 058 045 049 070 047 053 -0.04 092 069 049 043 -

043 048 048 0.26 039 040 058 040 048 0.69 099 066 066 0.66 090 053 062 045 071 049 027 068 085 064 059 070 -
033 026 029 0.17 031 033 058 069 044 055 0.68 098 052 042 062 0.86 047 048 049 068 022 059 060 095 055 054 066 -
0.45 036 0.39 0.26 0.41 0.27 041 035 070 045 0.64 051 098 037 052 044 091 049 045 035 053 0.36 048 0.46 0.82 0.47 0.66 0.53

Note: Values greater than .33 are p < 0.05 and values greater than .43 are p < 0.01.
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Correlations between the tasks and various measurements of the short-term memory and working memory tasks for the 10-11 year-old group.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
1. Block Design -
2. Matrix Reasoning 0.15 -
3. Raven's Matrices 0.30 0.34 -
4. Visual Array Capacity 0.15 0.36 -0.17 -
5. Run Span Capacity 0.07 -0.10 0.09 0.01 -
6. Digit Span Perfect Recall 0.03 -0.10 -0.10 0.05 0.19 -
7. Word Span Perfect Recall -0.09 0.19 0.28 -0.16 0.15 -0.17 --
8. Count Span Perfect Recall -0.16 -0.01 0.05 0.09 0.40 0.16 023 --
9. Listen Span Perfect Recall -0.24 -0.01 -0.38 0.13 0.15 0.24 -0.24 0.04 -
10. Digit Span Cumul Span 0.03 -0.04 -0.17 0.23 043 041 0.03 033 019 -
11. Word Span Cumul Span -0.17 0.23 0.42 -0.05 0.34 0.08 0.65 0.36 -0.04 0.14 -
12. Count Span Cumul Span -0.23 -0.05 -0.05 0.14 0.13 0.18 0.30 0.72 0.00 0.30 0.25 -
13. Listen Span Cumul Span -0.23 -0.13 -0.19 0.05 0.20 0.43 -0.23 0.23 0.74 0.23 0.08 0.23 -
it Span Trad Span 0.03 -0.18 -0.12 0.12 0.51 0.19 0.16 0.40 0.16 0.85 0.12 0.39 0.24 -
15. Word Span Trad Span -0.18 0.02 0.2 -0.06 0.26 0.41 -0.01 0.30 0.14 016 0.61 0.17 035 0.01 -
16. Count Span Trad Span -0.01 0.17 -0.21 0.28 -0.03 0.10 -0.02 0.26 -0.02 0.22 -0.03 0.62 0.11 0.14 0.18 --
17. Listen Span Trad Span -0.11 -0.14 0.04 -0.14 0.17 0.28 -0.07 0.24 0.40 0.10 0.09 0.27 082 0.17 025 0.10 -
18. Digit Span Max Span -0.15 0.29 0.02 0.31 0.08 0.24 0.11 0.04 -0.04 056 0.18 0.02 -0.20 0.23 0.06 0.10 -0.33 -
19. Word Span Max Span -0.21 0.26 0.40 -0.18 0.06 -0.09 0.76 0.05 -0.23 -0.10 0.69 0.05 -0.11 -0.01 0.25 -0.15 0.05 0.15 -
20. Count Span Max Span -0.09 0.01 -0.07 0.18 -0.06 0.19 0.01 0.7 0.08 0.16 0.10 0.76 031 0.26 0.12 0.37 0.28 -0.10 -0.09 -
21. Listen Span Max Span -0.18 -0.07 -0.35 -0.07 0.07 0.30 -0.16 -0.11 0.75 0.13 0.06 0.11 056 0.07 0.20 0.18 0.23 -0.11 -0.16 0.10 -
22. Digit Span Prop Correct 0.01 -0.15 -0.18 0.13 0.38 0.22 0.23 043 0.08 0.87 025 048 0.13 085 0.11 0.27 0.05 0.39 -0.06 0.24 0.08 -
23. Word Span Prop Correct -0.14 0.18 0.26 0.00 0.29 0.03 041 033 014 030 0.69 037 027 037 035 010 020 020 0.38 0.26 0.16 045 -
24. Count Span Prop Correct -0.10 0.05 0.05 0.14 0.01 0.32 0.29 058 -0.05 030 0.15 090 0.17 0.36 0.10 0.52 0.20 0.03 0.06 0.71 0.11 0.40 0.23 -
25. Listen Span Prop Correct -0.12 0.10 0.11 -0.04 0.06 0.39 -0.07 0.18 0.38 -0.03 0.19 0.21 0.77 -0.01 0.36 0.16 0.80 -0.24 0.02 0.27 0.24 -0.05 0.29 0.17 -
26. Digit Span Absolute Score  0.02 -0.04 -0.16 0.21 0.43 0.28 0.08 0.34 0.16 099 0.15 0.31 018 0.88 0.12 0.21 0.06 055 -0.07 0.17 0.10 0.89 0.34 0.29 -0.08 -
27. Word Span Absolute Score  -0.21 0.21 0.40 -0.04 0.29 0.11 050 0.32 001 0.13 098 0.20 0.13 0.08 0.69 -0.04 0.10 0.17 0.62 0.11 0.12 0.21 0.69 0.29 0.22 0.14 -
28. Count Span Absolute Score -0.17 -0.05 -0.06 0.15 0.05 0.17 0.30 0.57 -0.03 0.29 0.19 097 0.22 0.38 0.11 068 0.26 0.04 0.06 0.69 0.14 046 0.33 0.90 0.21 0.31 0.14 -
29. Listen Span Absolute Score -0.24 -0.14 -0.16 -0.06 0.19 041 -0.23 0.21 0.61 0.20 0.07 0.22 096 0.21 0.34 0.15 0.83 -0.18 -0.12 0.29 0.49 0.13 0.29 0.15 0.81 0.16 0.12 0.22

Note: Values greater than .34 are p < 0.05 and values greater than .43 are p < 0.01.
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Correlations between the tasks and various measurements of the short-term memory and working memory tasks for the adult group.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
1. Block Design -
2. Matrix Reasoning 0.38 -
3. Rawven's Matrices 0.65 0.67 -
4. Visual Array Capacity 0.29 0.29 0.34 -
5. Run Span Capacity 0.32 0.04 0.20 0.08 -
6. Digit Span Perfect Recall 0.23 0.01 0.12 0.01 058 -
7. Word Span Perfect Recall 0.10 0.21 0.34 0.08 0.45 0.44 -
8. Count Span Perfect Recall 0.20 0.21 0.11 0.08 0.02 0.12 0.06 -
9. Listen Span Perfect Recall 0.23 0.00 0.15 0.03 0.19 0.38 0.07 0.15 -
10. Digit Span Cumul Span 0.25 0.01 007 0.14 060 0.71 035 0.10 0.19 -
11. Word Span Cumul Span 0.29 0.15 041 0.13 054 0.58 058 0.14 0.34 0.62 -
12. Count Span Cumul Span 0.33 035 037 0.19 0.33 046 019 0.49 0.37 045 0.37 -
13. Listen Span Cumul Span 0.11 0.23 0.18 0.11 0.18 0.34 0.02 0.24 0.73 030 0.39 057 -
14. Digit Span Trad Span 0.37 016 023 0.20 037 0.37 029 0.14 0.08 0.81 054 033 019 -
15. Word Span Trad Span 0.21 0.05 0.26 0.19 0.34 041 036 0.19 0.33 046 0.83 0.20 0.31 0.42 -
16. Count Span Trad Span 024 018 030 0.11 031 051 021 0.18 038 045 036 0.82 051 0.28 017 -
17. Listen Span Trad Span 0.01 0.26 019 0.11 020 0.31 0.09 0.14 0.56 0.28 042 054 090 015 0.27 049 -
18. Digit Span Max Span 0.22 0.01 0.04 0.10 0.49 0.69 0.28 0.06 0.23 0.86 048 0.36 0.26 0.63 0.39 0.38 0.23 -
19. Word Span Max Span 0.18 0.07 035 -0.02 051 0.60 061 0.10 025 049 08 0.32 025 0.37 057 034 026 050 -
20. Count Span Max Span 0.44 030 045 0.03 021 034 012 0.34 030 0.38 036 0.64 039 0.32 023 043 037 039 038 -
21. Listen Span Max Span 025 01 019 0.03 020 0.33 0.04 021 0.77 030 029 054 082 018 025 049 061 024 0.19 0.39 -
22. Digit Span Prop Correct 0.17 -0.06 0.02 0.21 056 0.62 031 0.09 0.17 090 054 037 021 0.70 044 0.34 020 0.80 0.41 0.28 0.27 -
23. Word Span Prop Correct 0.18 0.12 030 0.12 050 0.57 051 0.07 049 0.68 0.83 0.40 056 0.58 0.71 040 056 0.60 0.68 0.38 050 0.63 -
24. Count Span Prop Correct 032 029 033 024 036 045 0.10 0.40 0.37 043 032 095 056 0.29 0.16 0.82 055 0.36 029 062 052 037 038 -
25. Listen Span Prop Correct 0.25 033 034 019 0.26 0.38 013 0.24 061 031 041 064 090 0.21 024 059 0.84 0.24 027 0.39 069 0.21 0.49 0.65 -
26. Digit Span Absolute Score  0.25 0.02 0.09 0.16 0.60 0.69 0.35 0.10 0.22 097 0.62 041 027 081 048 042 025 089 052 037 024 090 067 041 028 -
27. Word Span Absolute Score  0.29 0.13 0.40 0.14 051 056 0.53 0.14 0.36 061 1.00 037 041 054 084 036 043 048 079 0.36 030 053 083 0.33 041 0.61 -
28. Count Span Absolute Score 0.34 0.30 0.38 0.22 0.36 0.49 0.19 0.36 0.40 048 0.41 098 057 0.35 0.23 086 0.56 0.38 036 0.65 054 041 0.44 0.96 0.65 0.46 0.42 -
29. Listen Span Absolute Score 0.15 0.24 0.21 0.13 0.21 0.35 0.02 0.21 0.73 0.31 042 055 0.99 020 0.34 050 0.90 0.26 0.25 0.39 0.80 0.21 058 0.54 0.89 0.29 0.44 0.56

Note: Values greater than .27 are p < 0.05 and values greater than .35 are p <0.01.
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APPENDIX E

RELIABILITY SCORES

STM Tasks WM Tasks Scope of Attention Tasks

Digit Span Word Span Count Span Listen Span Run Span VisArray
Adults 0.72 0.77 0.69 0.86 0.87 0.33
8-9 year olds 0.80 0.87 0.78 0.83 0.92 0.32
10-11 year olds 0.75 0.68 0.64 0.62 0.89 -0.05

These reliability scores were calculated by randomly assigning a single trial from each
list length to one of four groups. For the memory tasks, then the proportion-correct for that trial
was averaged with the other trials assigned to that group. Then a Cronbach’s o was calculated
for the task by comparing the four groups. For the Running Span Task, the number of correctly
recalled digits for a trial was averaged with the other trials assigned to the group, and multiple
trials from each list length were included in each of the four groups. Then Cronbach’s o was
calculated for that task. For the Visual Array Comparison Task, the accuracy of a single trial
was averaged with other trials included in the same group. Then Cronbach’s o was calculated
for that task.

Since the measures used for fluid intelligence are standard measures that have been
normed, we obtained the reliability scores for these measures from separate sources.

Task Reliability Method

Block Design (WISC-1V)2 0.86 split-half correlation
Matrix Reasoning (WISC-1V)?2 0.89 split-half correlation
Raven's Standard Matrices 0.83 test-retest correlation

Note: 2 indicates source was Williams, Weiss, Rolfhus (2003); the
other source was Williams and McCord (2006)

There were concerns about the reliability of the visual array comparison task, so we examined
how removing the visual array task from the scope factor in the regression analyses would affect
the results. The tables showing the simultaneous and multiple regression analysis (when run for
the original analyses) for with the scope composite factor and the running span only factor side-
by-side.
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All Age Groups

Variable B t sr2 R?2 F Variable B t sr2 R?2 F
Age 0.174 173 0.1 Age 0.141 143  0.01

STMLL1-2 -0.023 -0.32 0.00 STMLL1-2 -0.029 -044 0.00

STMLL 5-7 0.282 2.28 0.02 STMLL 5-7 0.204 1.73 0.01

WMLL 2-5 0.360 3.71 0.06 WM LL 2-5 0.300 3.10* 0.04

Run Span -0.017  -0.19 0 051  24.32**  Scope 0215 250* 0.02 053 26.84**
Adults

Variable B t Sr2 R? F Variable B t Sr2 R? F
STMLL1-3 -0.005 -0.03 0.00 STMLL1-3 0.059 0.45 0.00

STMLL5-7  -0.064 -0.37 0.00 STMLL5-7 -0.136 -0.89 0.01

WM LL 3-5 0.387 2.63* 0.12 WMLL3-5 0.320 2.25* 0.08

Run Span 0.133 0.80 0.01 0.173 2517 Scope 0.354 2.44* 0.09 0.254 4.09**
Adults

Variables with Run Span R? F Variables with Scope R?2 F
STM 1-3, STM 5-7, WM 3-5, STM 1-3, STM 5-7, WM 3-5,

Scope 0.173 2.51n Scope 0.254 4.09**
STM 1-3, WM 3-5, Scope 0.170 3.36* STM 1-3, WM 3-5, Scope 0.242 5.21*
STM 1-3, STM 5-7, Scope 0.053 0.92 STM 1-3, STM 5-7, Scope 0.176  3.48*
STM 5-7, WM 3-5, Scope 0.173 341~ STM 5-7, WM 3-5, Scope 0.251 5.48*
STM 1-3, STM 5-7, WM 3-5 0.162 3.15* STM 1-3, STM 5-7, WM 3-5 0.162 3.15*
STM 1-3, Scope 0.050 1.30 STM 1-3, Scope 0.175 5.29*
WM 3-5, Scope 0.170 5.13* WM 3-5, Scope 0.241 7.93*
STM 5-7, Scope 0.053 1.39 STM 5-7, Scope 0.167 5.01*
STM 1-3, WM 3-5 0.175 5.29* STM 1-3, WM 3-5 0.175 5.29*
STM 1-3, STM 5-7 0.035 0.92 STM 1-3, STM 5-7 0.035 092
WM 3-5, STM 5-7 0.162 4.82* WM 3-5, STM 5-7 0.162 4.82*
Scope 0.048 2.60 Scope 0.167 10.21*
STM 1-3 0.009 0.45 STM 1-3 0.009 045
STM 5-7 0.033 1.73 STM 5-7 0.033 1.73
WM 3-5 0.161 9.82* WM 3-5 0.161 9.82*
3rd grade

Variables B t Sr2 R? F Variables B t Sr2 R? F
STM 1-2 0.03 0.02 0.00 STM 1-2 -0.07 -0.49 0.00

STM 4-7 0.42 2.27* 0.11 STM 4-7 0.40 2.21* 0.10

WM 2-4 0.28 1.45 0.04 WM 2-4 0.18 0.95 0.02

Run Span -0.12  -0.65 0.01 0.348 4.15* Scope 0.17 1.08 0.02 0.363 4.42*
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3rd Grade

Variables with Run Span R?2 F Variables with Scope R? F
STM 1-2, STM 4-7, WM 2-4, STM 1-2, STM 4-7, WM 2-4,

Scope 0.35 4.15* Scope 0.36  4.42*
STM 1-2, WM 2-4, Scope 0.24 3.37* STM 1-2, WM 2-4, Scope 0.26 3.81*
STM 1-2, STM 4-7, Scope 0.30 4.66** STM 1-2, STM 4-7, Scope 0.35 5.61*
STM 4-7, WM 2-4, Scope 0.35 5.70** STM 4-7, WM 2-4, Scope 0.36  5.96*
STM 1-2, STM 4-7, WM 2-4 0.34  5.48* STM 1-2, STM 4-7, WM 2-4 0.34 5.48*
STM 1-2, Scope 0.02 0.38 STM 1-2, Scope 0.12 2.30
WM 2-4, Scope 0.24  5.21* WM 2-4, Scope 0.26  5.77*
STM 4-7, Scope 0.30  7.21* STM 4-7, Scope 0.34 8.57*
STM 1-2, WM 2-4 0.24  5.06** STM 1-2, WM 2-4 0.24  5.06**
STM 1-2, STM 4-7 0.30 7.18* STM 1-2, STM 4-7 0.30 7.18*
WM 2-4, STM 4-7 0.34  8.39* WM 2-4, STM 4-7 0.34  8.39*
Scope 0.02 0.79 Scope 0.12  4.75*
STM 1-2 0.01 0.24 STM 1-2 0.01 0.24
STM 4-7 0.30 14.77* STM 4-7 0.30 14.77*
WM 2-4 0.23 10.33* WM 2-4 0.23 10.33*
5th Grade

Variables B t sr2 R?2 F Variables B t sr2 R? F
STM 1-3 036 157  0.08 STM 1-3 036 176  0.09

STM 5-7 016 -049 0.01 STM 5-7 016 -0.83 0.02

WM 2-5 020 -085 0.02 WM 2-5 020 -099 0.03

Run Span 0.22  -0.03 0.00 0.085  0.68 Scope 022 122  0.04 0.129  1.08

Taken as a whole, removing the visual array comparison task from the scope composite
resulted in less variance explained in each model and the factor explaining less variance in fluid
intelligence. For the adult group, the simultaneous regression analysis went from being
significant at p < 0.01 to marginal significance, p = 0.054. The difference between the
regression analyses for the 8-9 year-old group was not as large, in fact the variance accounted for
by the models was only decreased by 1.3%. While the visual array comparison task did not have
high reliability, it obviously contributed to the model in an important way. Cowan et al. (2005)
also used the visual array comparison task but their version had many more trials (128 vs. 36 in
ours) and found high reliability for this measure in all of their age groups.
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