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Domain knowledge facilitates performance in many cognitive tasks. However,
very little is known about the interplay between domain knowledge and factors that
are believed to reflect general, and relatively stable, characteristics of the individual,
The primary goal of this study was to investigate the interplay between domain
knowledge and one such factor: working memory capacity. Adults from wide ranges
of working memory capacity, age, and knowledge about the game of baseball lis-
tened to, and then answered questions about, simulated radio broadeasts of baseball
garmes, There was a strong facilitative effect of preexisting knowledge of baseball
on memory performance, particularly for information judged 1o be directly relevant
to the baseball games. However, there was & positive effect of working memory
capacity on memory performance as well, and there was no indication that domain
knowledge attenuated this effect. That is, working memory capacity contributed to
memory performance even at high levels of domain knowledge. Similarly, there
was no evidence that domain knowledge attenuated age-related differences (fa-
voring young adults) in memory performance, We discuss implications of the results
for understanding proficieney in cognitive domains from an individual-differences
perspective.  © 2001 Academic Press
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Perhaps one of the most influential ideas to emerge in cognitive psychol-
ogy during the past 25 years 15 the viewpoint referred to as the nowledge-
] er hypothesis. The basic argument of the knowledge-is-power hy-
pothesis is that domain knowledge is the primary determinant of success in
cognitive endeavors, whﬂmm “basic’” cognitive abilities play a less impor-
tant role. Minsky and Papert (1974) alluded to the knowledge-is-power
hypothesis in the following passage:

It is by no means obvious that very smart people are that way directly because of
the superior power of thelr general methods—as compared with average people.
Indirectly, perhaps, but that is another matter: a very intelligent person might be
that way because of the specific local features of his knowl r:'dm: ~grganizing knowl-
adge rather than because of global qualities of his ““thinking’” . . . which might be
fittle different from a child’s. (p. 5‘)‘

More recently, Feigenbaum (1989) articulated the premise of the knowledge-
is-power hypothesis in a principle as follows:

The Knowledge Principle states that a syste m ex xhibits inteligent understanding and
action at a high level of competence primarily because of Tm ific knowledge
that it can bring to bear: the concepts, representations, facts, heuristics, models, and
methods of the endeavor. A corollary of the KP 15 that reasoning processes of intelli-
gent systems are generally weak and not the primary source of power (p. 179),

o

Domain knowledge-——a modifiable “software” aspect of the cognitive
system——1s indeed a powerful determinant of cognitive performance {see
Glaser & Chi, 1988). For example, domain knowledge facilitates memory
for domain-relevant information, such as chess positions (Chase & Simon,
1973), bridge hands (Engle & Bukstel, 1978), dance steps {(Allard & Starkes,
19913, maps {'Gilhmﬂy, Wood, Kinnear, & Green, 19883, and music
{(Meinz & Salthouse, 1998). Domain knowledge contributes to success b
many other cognitive tasks as well. To llustrate, Voss, Greene, Post, and
Penner (1983) found that domain knowledge was the best predictor of perfor-
mance in w::iving ill-structured political science problems (e.g., increas
productivity in the Soviet Union). Finally, domain knowledge facil mm
sw,m:rxpz ehension and memory of text with domain-relevant content. For exam-

ple, Spilich, Vesonder, Chiesi, and Voss (1979 found that participants
i««ms\x]uiwm ¢ about the game of baseball better comprehended a story
about a baseball game than did participants who were low in domain knowl-
edge (see Recht & Leslie, 1988, and Walker, 1987, for additional examples
As another example, in a study by Fincher-Kiefer, Post, Greene, and Voss
{1988}, participants who were either high or low in knowledge of baseba
performed a version of the Daneman and Carpenter (1980) reading span task
in which the sentences were either baseball-related or neutral. Fincher-Kiefer
et al. found that baseball knowledge facilitated working memory span, but
only when the sentences were baseball-related.




KMNOWLEDGE-I5-POWER HYPOTHESIS 3

Nevertheless, an 1ssue stemming from the knowledge-is-power E‘"m'gwi‘}‘imm
that has received very little n,mp irical attention concerns the interplay be-
tween domain knowledge and “hardware™ aspects of the cognitive sys-
tem-——factors that are thought to reflect Qu}maﬁ and relatively stable, charac-
teristics of the individual. One such factor is working memory capacity.
Working memory may be defined as a syst em of processes and stores used
to maintain information during processing { ﬁg«:,kﬁ Tuholski, Laughlin, &
Conway, 1999}, and working memory capacity 15 often measured with dual-
task paradigms such as the Daneman and Carpenter (1980) reading span task.
The goal of this task is 1o read a series of sentences while remembering the
final word of each sentence for later recall. Working memory capacity is
operationalized as the number of these sentence-final words that can be re-
called while being able to demonstrate processing of the sentences. In a simi-
lar task, operation span (Turner & Engle, 1989), participanis solve a series
of arithmetic equations and remember a word following each equation for
later recall.

Thera 1s now a large amount of evidence to suggest that working memory
capacity contributes to proficiency in a wide range of cognitive tasks, For
example, measures of wm"ktw memory capacity, such as reading span and
x:pﬁmsmn span, correlate with performance in tasks such as language compre-
hension (Daneman & Meridde, 1996), solvn 1@, math 31&}1:} ems {Adams &
Hitch, 1997y, following directions (Engle, Car 1991, taking
§wiuu, notes (Kiewra & Benton, 1988), bndg,m ((w, ;;ukrs,c,m»fzmni&:‘; & Hartley,
1990}, and writing (Benton, Kraft, Glover, & Plake, 1984). Furthermore,
recent research has established a linkage between working memory capacity
and fluid intelligence, which is commonly defined as the ability to solve
novel problems and adapt to new situations {(Cattell, 1943). For example,
using structural equation modeling, Kyllonen and Mxriﬂta! (1990) observed
near-perfect correlations between working memory capacity and fluid intelli-
gence. Based on this evidence, Kyllonen (1996) proposed that it may be
useful to conceptualize working memory capacity as the central information
processing component underlying fluid intelligence. Finally, there is evi-
dence to suggest that working memory capacity is relatively stable, For ex-
ample, with nearly 3 months between measurement occasions, Klein and
Fiss (1999) found a test-retest correlation of .66 for the Turner and Engle
{ (1989) } operation span task.

Domain Knowledge-Working Memory Capacity Relations

To summarize, evidence suggests that both domain knowledge and work-
ing memory capacity contribute to performance differences in a wide range
of cognitive tasks., The primary goal of this study was to mnvestigate three
possibilities (or descriptive ““models’’) concerning the joint effects of these
factors on cognitive performance. The models are similar in that each as-
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X

sumes that knowledge is “'power.”” In other words, each model assumes a

positive effect of domain knowledge on cognitive performance. The models
differ in whether the joint effects of domain knowledge and working memory

sapacity on cognitive performance are predicted to be additive or interactive.

1. The first model is based on the idea that high levels of domain knowl-
edge can “‘compensate’” for low levels of working memory capacity. In other
words, as iltustrated in Fig. 1A, domain knowledge reduces, and may even
eliminate, the effect of working memory capacity on cognitive performance.
Ackerman and Kyllonen (1991) alluded to the possibility of compensation:
“There is a relationship between knowledge and working memory capacity
such that having specific knowledge can replace having to exercise working
memory”” (p. 216). More generally, the idea of compensation is analogous to
the notion that the effect of ability characteristics, such as working memory
capacity, on cognitive performance decreases as skill acquisition proceeds
from initial introduction to the task to development of task-specific knowl-
edge (e.g., Ackerman, 1988; Fitts & Posner, 1967; Fleishman & Hempel,
1956).

2. The second model is based on the idea that although domain knowledge
facilitates cognitive performance, working memory capacity is a basic mech-
anism underlying proficiency in cognitive domains. That is, as iHustrated in
Fig. 1B, working memory capacity contributes to performance differences
even at high levels of domain knowledge. This model is broadly consistent
with the view that basic cognitive abilities represent the “"building blocks”’
of cognitive activities such as reasoning, problem solving, and comprehen-
sion and that individual differences in the efficiency and effectiveness of
basic cognitive abilities translate into individual differences in these complex
aspects of cognition (e.g., Hunt, 1978; Posper & Mcleod, 1982).

3. The final model also predicts that working memory capacity should
contribute to differences in cognitive performance even at high levels of
domain knowledge. However, as shown in Fig. 1C this model represents
what might be thought of as a “‘rich-get-richer”” hypothesis, because the
prediction is that a high level of working memory capacity enhances the
facilitative effect of domain knowledge on cognitive performance, That is,
according to this model, people with high levels of working memory capacity
should benefit from preexisting domain knowledge to a greater extent than
people with lower levels of working memory capacity. For example, to the
extent that working memory capacity reflects a cognitive resource that can
be used to activate information stored in fong-term memory and to maintain
that activation during performance of some task (e.g., Cantor & Engle, 1993,
Just & Carpenter, 1992), then people with high levels of working memory
capacity may be able 1o draw upon more preexisting domain knowledge
during coguitive performance than people with lower levels of working
memory capacity,

o
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FIG. 1. Possible effects of domain knowledge and working memory capacity on cognitive
performance.
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Domain Knowledge-Age Relations

An additional goal of this study was to il‘m‘ﬁ”“;i%g{m& the joint effects of
domain knowledge and adult age on cognitive performance. Although re-
search has established that certain aspects of cognition (e.g., perceptual
speed, working memory, and reasoning) decline across the adult portion of
the life span (see Salthouse, 1991, for a review), many theorists m the litera-
ture on aging and mgnit’m have stressed the importance of domain knowl-
edge in cognitive functioning during adulthood. For example, Rybash, Roo-
din, and Hover {IWS) suggested that “*Older adults can continue to function
effectively when given tasks that allow them to draw upon their expert
knowledge . . . in spite of the significant reduction in generalized information
processing skills and/or fluid intellectual abilities that accompanies the aging
process” (p. 222). Similarly, Ackerman (1996) proposed that knowledge is
the ‘‘core’” of the adult intellect and that bevond the school years the depth
and breadth of knowledge is the primary determinant of proficiency in voca-
tional and avocational domains. As a final example, Baltes and colleagues
{e.g., Baltes & Baltes, 1990; Marsiske, Lang, Baltes, & Baltes, 1995} have
argued that the hallmark of “*successful aging™ is increased engagement in
narrow areas of interest and expertise.

Nevertheless, an unresolved issue concerns the joint effects of domain
knowlec ’ifg(: and age on cognitive performance. We investigated three models
concerning this issue. The models are tHustrated in Fig. 2 and correspond
directly 1w the models mmunmg domain knowledge-working memory ca-
pacity relations depicted in Fig. 1. The first model is illustrated in Fig. 24
and is based on the idea that domain knowledge attenuates the negative effect
of age on cognitive performance. Stated differently, domain knowledge com-
pensates for the effect of age on cognitive performance. The possibility of
compensation has been discussed by a number of authors {e.g., Bosman &
Charness, 1996; Salthouse, 1995) and was suramarized by Allaire and Mar-
siske (1999) as follows: "*Experiential theorists predict that as individuals
age, they develop a rich network of declarative and procedural domain-spe-
cific knowledge in areas in which they frequently participate. This special-
ized knowledge, in turn, decreases the reliance on other mental abilities (e.g.,
inductive reasoning, working memory, speed) for everyday task performance
within those domains .. .77 (p. 628).

The second model, i%u«tmmd in Fig. 28, is based on the idea that although
domain knowledge facilitates performance for both voung adults and older
adults, it does not attenuate the mg.:a{w:; relationship between age and perfor-
mance. Instead, the prediction is that age-related performance differences,
which may be attributable to age-related decreases in factors such as working
memory capaci wity, should be evident even at high levels of domain knowl-
edge. This mode!l draws upon the notion that declining cognitive abilities

ent the building blocks of more complex aspects of cognition and

St
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“drive’” age-related decreases in complex cognition. The final model con-
cerning the joint effects of age and domain knowledge on cognitive perfor-
mance derives from the rich-get-richer hypothesis described above. As illus-
trated in Fig. 2C, this model predicts that young adults should derive a greater
benefit from preexisting domain knowledge in cognitive performance than
older adults.

CURRENT RESEARCH

To investigate the above-mentioned goals, we recruited adults from wide
ranges of working memory capacity, age, and knowledge about the game of
baseball. The participants listened to, and then answered questions about,
simulated radio broadeasts of baseball games that were realistic in content
and presentation. This task was chosen because both domain knowledge and
working memory capacity have been found to contribute to performance
differences in tasks involving text comprehension and memory. For example,
in a meta-analysis, Daneman and Merikle (1996) found a significant positive
correlation {avg. » = 41) between working memory capacity and various
measures of text comprehension and memory, and many researchers have
reported that domain knowledge facilitates text comprehension and memory
when the text contains domain-relevant content (e.g., Recht & Leslie, 1988;
Spilich et al,, 1979; Walker, 1987}, In addition, voung adults often outper-
form older adults on tasks mvolving text comprehension and memory (e.g.,
Zelinski & Gilewsk, 1988). However, as discussed below, it is not clear on
the basis of the available evidence whether domain knowledge moderates
the effect of age on performance in such tasks. Baseball was selected as the
domain for this study because of the availability of participants from the
general population with different levels of knowledge about this activity.
Next, we review evidence concerning the joint effects of domain knowledge
and working memory capacity, and domain knowledge and age, on text com-
prehension and memory.

Domain Knowledge and Working Memaory Capacity

Evidence concerning the joint effects of domain knowledge and working
memory capacity on text comprehension and memory is inconclusive. Brit-
ton, Stimson, Stennett, and Giilgdz (1998) evaluated the effects of four indi-
vidual difference characteristics (i.e., metacognitive ability, inference mak-
ing ability, working memory capacity, and domain knowledge) on the ability
to learn from instructional texts. Participants read a text about the Vietnam
war, and the measure of comprehension involved rating the relations between
pairs of terms from the text. Using structural equation modeling, Britton et
al. found a strong direct effeet of domain knowledge on text comprehension,
whereas the direct effect of working memory capacity was nonsignificant.
Britton et al. did not report whether there was a domain knowledge > work-
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ing memory capacity interaction. In contrast to the Britton et al. study, Haen-
gt and Perfertd (1992, 1994) found significant effects of both domain knowl-
edge and working memory capacity on accuracy in answering questions
about an expository text. However, like Britton et al,, Haenggt and Perfett
did not evaluate the interaction between domain knowledge and working
memory capacity. Finally, McNamara (1998) found that domain knowledge
was the best predictor of comprehension of a text about heart disease,
whereas the effect of working memory capacity above and bevond domain
knowledge was nonsignificant. The sample size was somewhat small (N =
423, however, and it is therefore possible that McNamara failed to detect a
small effect of working memory capacity because of low statistical power,
MeWamara apparently did not evaluate the domain knowledge X working
memory capacily interaction.

Numerous studies have examined the effects of domain knowledge and
various other cognitive ability characteristics (which correlate positively with
measures of working memory capacity) on text comprehension and memory,
Walker (1987) found a strong facilitative effect of domain knowledge on
memory for information from narrative passages about baseball games, while
there was no effect of general cognitive ability (as measured by a fest of
reasoning ability) and no domain knowledge X ability interaction. In a series
{ studies, Schneider and colleagues (Schneider & Korkel, 1989; Schoeider,
Korkel, & Weinert, 1989; Schneider, Biorklund, & Maiter-Briickner, 1996),
found that domain knowledge facilitated memory for narrative passages
{e.g.. about soccer games) with domain-relevant content. There were no ef-
fects of cognitive ability {as measured by verbal and nonverbal tests) on
memory, and there were no domain knowledge * ability interactions. Hall
and BEdmondson (1992) reported significant effects of both domain knowl-
edge and verbal ability on memory for information from an expository pas-
sage about basketball, Unfortunately, however, Hall and Edmondson did not
evaluate the domain knowledge X verbal ability interaction. Recht and Leslie
(1988) found a significant effect of domain knowledge on memory for narra-
tives describing baseball games, but there was no effect of reading ability and
no interaction. Finally, Adams, Bell, and Perfetti (1995) reported significant
sffects of domain knowledge and reading ability on recall of information
from a story about a football game. In addition, there was 4 domain knowl-
edge X reading ability interaction in the direction of a greater effect of read-
ing ability for high-knowledge individuals than for low-knowledge individu-
als. However, because the sample size in the Adams et al. study was very

tion.
Domain Knowledge and Age

Evidence concerning the joint effects of domain knowledge and age on
text comprehension is inconclusive as well. In a study by Morrow, Leirer,
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and Alteri (1992), pilots and non pilots read passages that described situa-
tions either related or unrelated to aviation. Although inspection of the pub-
lished data revealed that age-related decreases in free recall of the texts were
somewhat smaller for pilots than for nonpilots when the passage pertained
to aviation, there was no evidence for an age X experience X passage (avia-
tion or nonaviation) interaction. Thus, Morrow et al. concluded that domain
knowledge did not attenuate age-related decreases in memory. Morrow,
Lewrer, Altierl, and Fitzsimmons (1994) devised a task to simulate routine
pilot communication with an air traffic controller. Pilots and nonpilots from
two age groups {(young and older) read air-traffic control commands that
contained navigation information about heading (e.g., twn right heading
0200, altitude (e.g., climb and maintain 5000 fv.), and speed (e.g., increase
speed to 220 knots), The task was to repeat back the commands as accurately
as possible. Morrow et al. found the hypothesized age X experience interac-
tion for the heading commands, but not for the altitude and speed commands.
Morrow et al. speculated that the absence of the interaction for the latter two
commands may have been attributable to the fact that these messages were
quite easy to recall even for older nonpilots. To address this possibility, in
a second experiment, the length of the messages was manipulated to vary
task difficulty. For the short messages, the results of the first experiment
were replicated, as the age X experience interaction was significant for the
heading command but not for the other commands. For the Jong messages,
however, there were significant age > experience interactions in the direction
of smaller age-related differences for pilots than for nonpilots for the speed,
altitude, and heading commands.

Results of the Morrow et al. (1994) study suggest that domain-relevant
experience (which may be correlated with domain knowledge) can attenuate
the negative relationship between age and measures of text memory, at least
under certain conditions. Unfortunately, the results of other studies are incon-
sistent with respect to this possibility. Hultsch and Dixon (1983) found a
significant age-related difference in text memory (favoring young adults)
when the passages were about entertainment figures more familiar to young
adults than to older adults {e.g., Steve Martin) but not when they were about
entertainment figures more familiar to older adults than to young adults (e.g.,
Mary Pickford). Hultsch and Dixon therefore suggested that prior knowledge
about entertainment figures moderated age-related differences in memory.
By contrast, Arbuckle, Vanderleck, Harsany, and Lapidus (1990) found that
although a high level of music experience was associated with better recall
for information from a passage about music, the age X experience interaction
was nonsignificant. Similarly, Meinz and Salthouse (1998} and Meinz (2000)
found that music experience facilitated recall of visually and aurally pre-
sented melodies, but there was no evidence for interactions in the direction
of smaller age-related decreases in music memory for experienced musicians.
As a final example, in a more recent study of pilots, Morrow, Menard, Stine-
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Morrow, Teller, and Bryant (2001) found that yvoung pilots had better mem-
ory for air-traffic control messages than did older pilots, but there was no

evidence for an age X experience interaction,

Limitations of Previous Research

This brief review indicates that evidence concerning the joint effects of
domain knowledge and working memory capacity, and domain knowledge
and age, on tasks involving text comprehension and memory is sparse and
inconclusive. There are at least four lmitations of previous research that
warrant discussion. First, and most important, what might be considered the
most informative comparison with respect to theoretical understanding of
the interplay between domain knowledge and working memory capacity-——
the domain knowledge X working memory capacity interaction-—was not
evaluated in the above-mentioned studies. Thus, on the basis of the available
evidence, 1t 15 unclear whether domain knowledge attenuates the effect of
working memory capacity on text comprehension and memory or whether
working memory capacity enhances the facilitative effect of domain knowl-
pdge.

Second, conclusions have often been based on small samples. Use of small
sample sizes is problematic because it is possible that small-to-moderate ef-
fects of predictor variables (e.g., working memory capacity) were not de-
tected because of low statistical power. Generally, sample sizes of at least
100 are recommended for individual-differences research {e.g., Detterman,
1989), Third, the manner in which various constructs were measured differed
from study to study. To illustrate, McNamara (1998) measured working
memory capacity with a version of the Daneman and Carpenter (1980) read-
ing span task, whereas Haenggl and Perfetti (1992, 1994) used a task in
which the goal was to recall a target word from an earlier portion of a difficult
expository text. There is evidence for the construct validity of reading span,
as this measure correlates positively with other putative measures of working
merory capacity {Engle et al,, 1999). However, the validity of Haenggi and
Perfetti’s task as a measure of working memory capacity 1s questionable
because intuition suggests that this task may tap not only working memory
capacity, but also reading skill or ability.

Fourth, researchers have often relied on a single task to measure each
mtended construct {e.g., working memory capacity; but see Britton et al.,
1998, for an exception). This is problematic because 1t can be assumed that
performance on nearly all psychological tasks is influenced not only by the
theoretical construct of interest, but by other factors as well, including those
related to specific methods and materials and to random error. Psychometri-
cally, a more sound approach is to obtain multiple measures of each intended
construct and then to cancel out construct-irrelevant variance by aggregating
across the measures. Obtaining multiple measures also allows for assessment

of two aspects of construct validity, convergent validity and discriminant
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validity. Measures exhibit convergent validity if they correlate moderately
with each other and discriminant validity if they correlate weakly with mea-
sures of other constructs, Assessment of both aspects of validity is m:mwwy
to establish the meaning of a construct (e.g., Cook & Campbell, 1979). ]
nally, obtaining multiple measures permits use of structural equation mmdmiw
ing. Because latent variables, which are free of measurement error, may be
used in structural equation modeling, conclusions can be shifted from the
level of observed variables closer to the theoretical constructs of interest,
COverview. The major goal of this study was to characterize, at a descriptive
level, the interplay between domain knowledge and working memory capac-
ity in the performance of a domain-relevant cognitive task, Toward this end,
we investigated three models concerning the joint effects of domain knowl-
edge and working memory capacity on the performance of a task involving
text comprehension and memory. The predictions associated with these mod-
els can be summarized as follows. The first mode! prediets an underadditive
domain knowledge % working memory capacity interaction such that the
effect of working memory capacity on cognitive performance is reduced at
high levels of domain knowledge relative to lower levels of domain knowl-
edge. The second model predicts additive effects of domain knowledge and
working memory capacity on cognitive performance. The final model pre-
dicts an overadditive domain knowledge X working memory capacity inter-
action such that the facilitative effect of domain knowledge on cognitive
performance is greater for individuals with high levels of working memory
sapacity than for those with lower levels of working memory capacity. An
additional goal was 1o investigate corresponding models concerning the joint
effects of domain knowledge and adult age on cognitive performance.
Based on limitations of previous research, we (a} used a relatively large
samiple, which consisted of participants from wide ranges of domain knowl-
edge, working memory capacity, and age; (b) obtained multiple measures
of each intended construct; and (¢) performed hierarchical regression analy-
ses to directly evaluate the joint effects of domain knowledge (about base-
bally and working memory capacity, and domain knowledge and age, on
memory for the simulated radio broadeasts of baseball games. In the hiz‘:mrw
chical f:umwwm analyses, the specific question of interest was whether eft
fects of domain knowledge and working memory capacity, and dmmn
knowledge and age, on memory performance were additive or interactive.
Structural equation modeling was used to supplement results of the huerarchi-
cal regression analyses. The primary question addressed through structural
equation modeling was whether and to what extent working memory capac-
ity contributed to memeory performance independent of domain knowledge.
We expected that there would be a strong positive effect of baseball knowl-
edge on memory performance. In fact, the simulated radio broadcasts were
realistic in presentation and in content so that participants would be able to
capitalize on their preexisting knowledge of baseball. A more interesting
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question was whether there would be an effect of working memory capacity
on memory performance independent of baseball knowledge.

To address two additional issues, variables representing two additional
predictor variables, general knowledge and prauebwwwf%wuad were included
in the structural equation analyses along with the primary predictor vari-
ables—Dbaseball knowledge, working memory capacity, and age. First, gen-
eral knowledge was included to verify that knowledge about baseball is
form of domain knowledge distinct from less specific expressions of knowl-
edge, such as vocabulary and cultural information. Second, processing speed
was included because evidence suggests that, when considered together, this
factor and working memory capacity often account for a large proportion
of the age-related variance in complex aspects of cognition, including text
comprehension and memory (e.g., Kwong See & Ryan, 1995; Van der Lin-
den et al., 1999). Therefore, we pmdmwﬁ that the effect of age on memory
performance would be n“ndsmu and mediated through speed and working
memory capacity and hence that the direct effect of age on memory perfor-
mance would be small and nonsignificant.

METHOD
FParticipants

A total of 181 adults ranging in age from 18 to 86 years (M = 46.42, 8D = 17.09) contrib-
uted complete data. All older adults in the sample were community dwelling. Data ﬁ;;r swm
participants were incomplete because these individuals could not finish the s :
one participant were discarded because of an experimenter error. Participants were recruited
from the Atlanta, Georgia, metropolitan area using newspaper advertisements and from two
state universities in Atlanta. Approximately half of the participants responded to an advertise-
ment that called for people from all levels of interest in the game of baseball to participate
in a research project, While it is possible that this advertisement biased our recraitment proce-
dure so that only people with relatively high levels of interest in baseball responded, the other
advertisement made no mention of baseball. Furthermore, as discussed below, the participants
represented @ wide range of interest in and knowledge about baseball. Participants sived
nominal payment (325} or extra credit in an introductory psychelogy course for participating.
Power a nducted based on a range of effect sizes [Cohen's ( 3 /4 for a
two-way interaction effect in multiple regression, and it was found that a sample size of greater
than 170 would provide adequate power {1 — [ > 80) to detect even a small effect, corre
sponding to an B value of approximately 02,

Background characte s of the sample are summarized in Table 1. There was an approxi-
mately equal number of males (54%) and females (46%) in the sample, although there was
a higher participation rate for males (65%) than for females (35%) within the middie-age
range. {As discussed under Results, gender was treated as a covariate to determine whether
this nomuniformity in the gender distribution across the age range influenced the effect of age
on memory performance.) Consistent with previous reports (e.g., Hambrick, Salthouse, &
Meinz, 1999), middie-aged adults and older adults reported having more education and being
slightly less healthy than younger adults. However, the education and health variables were
excluded from subsequent analyses because both correlated nonsignificantly (p > .01} with
age (rs = 16 and .02, respectively),
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TABLE
Background Characte

i
ics of Participants

Age Range

1839 46--59 50+
N 63 68 50
Gender (% female) 58 35 48
Education 333 (0.9%) 365 (103 160 (1.05)
Health 198 (0.79) 1.BS (0.76) 204 (083

graduate; 3 = some colle)
rated on S-point scale (1

= gxcellent; 2

Muaterials

Working memory capacity. Participants completed two computer-administered tasks de-
signed to measure working mem zapacity, (Both tasks were administered individually, and
the stimult were presepted in the center of an IBM color monitor.y The first task was the
operation span task (Turser & Engle, 1989}, The task was to solve a series of simple arithmetic
equations while remembering a single target word following cach equation for later recall.
The equations appeared one at a time, and the number of equations for a given trial varied
randomly from two 1o six, with the provision that there were 3 trials for each of the § levels
{for a total of 15 trials). Participants read each equation and target word aloud and announced
whether the equation was correct (*yves’”} or incorrect (**no’"). The experimenter then pressed
a key causing presentation of the next equation. As a recall prompt, three question marks (7773
appeared at the end of each trial, and participants attempted to write down the target words
i the correct serial order. Operation span was the total number of words recalled from the
perfectly recalled trials,

The second task was the counting span task developed by Case, Kurland, and Goldberg
(1982 for children, and modified by Engle et al. (1999) for use with adults. Bach display
contained three items against a black background; magenta circles, dark blue circles, and dark
blue squares. The task was to count aloud the dark blue circles, and after reaching the last
dark blue circle, 1w repeat the total aloud (e.g., one, two, three . . . three), The experimenter
then pressed a key causing presentation of the next display. After between two and eight
displays, the word recall appeared in the center of the screen, and participants atternpted to
write down the mumber of dark blue circles from each display in the correct serial order. For
wach display, the number of magenta circles (color distractors) varied randomly from one to
five, and the number of dark blue squares (shape distractors) was one, three, five, seven, or
nine. The number of displays for a given trial varied randomly from rwo to eight, with the
provision that there were 3 trials for each of the 7 levels (for a total of 21 tials). Counting
span was the total number of digits recalled from perfectly recalled trials.

Processing speed. Processing speed was measured with two tests of perceptual comparison
speed developed by Babeock and Salthouse (19903, In letter comparison, the task was 1o
determine whether two groups of three, six, or nine letters separated by a blank space were
the same or different. In pattern comparison, the task was to determine whether two patiemns
consisting of three, six, or nine line segments separated by a blank space are the same or
different. Participants were instructed to write S in the blank space if the lefters or patterns
were the same or [ if they were different. Participants completed two forms of each test and
were allowed 1o work on each form for 30 5, There were 21 items in a single column on each
form of the letter comparison test, and 30 items in two columns on each form of the pattern

=
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comparison test. For each form, the
number of incorrect responses (to cor
for each test by averag

ore was the namber of correct responses minus the
t for guessing). A single score was then computed
ing the scores on the two forms.

General knowledge. General knowledge was measured with tests of vocabulary and cultural
knowledge. The vocabulary test was developed by Salthouse (1993) and consisted of 20 multi-
ple-choice questions (four-alternative) with 10 guestions on cach of two pages. The 10 ques-
tions on the first page asked for the synonym of a target word, and the 10 guestions on the
second page asked for the antonym of a target word. Participants were allowed wc}m o
this test for § min. The general information test was developed by Hambrick et al. (1999)
and consisted of 40 multiple~choice questions on 8 pages (four-alternative), with § qgmhmm
about each of ¥ topics as follows: (1) American history, (2) American Hterature, (3) art and
architecture, (4) geography, (3) musie, (6) mythology, (7) world history, and (8) world litera-
ture, The time limit was 13 min, The score on both the vocabulary test and the general informa-
tion test was the number of questions answered correctly.

Baseball knowledge. Participants completed three tests with questions about rules, regula-
tions, and terminology of baseball, Baseball knowledge test | consisted of 30 multiple-choice
questions (four-alternative) on six pages. The following is a sample Quwti(m* CTeying o get
a runner from third base to home plate by bunting is called aln) ...’ {squeeze ;ﬁflw The
time Hmdt was 10 min, Baseball knowledge rest 2 consisted of 40 fll-in-the-blank questions
on three pages. The following is a sample question: ““The phrase describes when a
runner must touch the base they are at iw:fm they can advance to t‘?m next base after a fly
ball" (ragging wpy, The time Hmit was 13 min. Questions for the baseball knowledge tests
were obtained from a test of baseball knowledge developed by Spilich et al. (1979) and from
various imternet sites devoted to baseball. Baseball knowledge test 3 contained 30 truc/false
questions on four pages and was designed to be an advanced test of baseball rules and regula-
tions, The following is a sample question: *“There is one out with a ranner on first base. The
catcher catches a foul fly and falls into the dugout. Then he throws the ball to first base before
the runner can return. The runner is out”” (false). The time limit was 10 min. Questions for
baseball knowledge test 3 were obtained from a test for baseball urpires published in a collec-
tion of paper-and-pencil knowledge tests (Bragdon, 1987). The score for each baseball knowl-
edge test was the pumber of questions answered correctly,

Baseball self-ratings and baseball exp ce. To characterize the sample in terms of
involvement in the game of baseball, we asked participants to provide ratings of their interest
in and knowledge about baseball and to estimate amount of engagement in various base
refated activitics. Baseball knowledge was rated on a S-point scale with anchor ratings of 1
(very low knowledpe) and § (very knowledgeable), and baseball interest was rated on a S-point
scale with anchor ratings of 1 {very uninterestedy and 5 (very interested). Brief descriptions of
each rating were provided. Participants also answered nine self-report gquestions about their
mvolvement in basebalbrelated activities. The first question asked the participant whether he
or she had ever played baseball or softball on an organized team; the second guestion asked
the participant whm}mr he or she had ever coached baseball or softball; the third question
asked the participant whether he or she had ever collected baseball memorabilia; and the fourth
question asked the participant how many books about baseball he or she owns. The remaining
questions asked about involvement in baseball during the past two baseball seasons and to
the present. The fifth question asked for the number of baseball games (of all types, including
professional, lintle league, ew.) attended per yvear; the sixth : thv averag
number of hours per week spent listening to baseball games on the radio; ‘rhc; seventh question
asked for the mumber of hours spent watching baseball games on television; the eighth guestion
asked for the number of hours spent watching television programs abowt baseball (e.g., high-
lghtsy; and the ninth question asked for the number of hours spent reading about baseball
{e.g., in the newspaper).

Baseball passages and memory tests. Through headphones, participants lstened to three
narrative passages, each about a half-inning of a different fictitious baseball game. The three
baseball pas wvere simifar in structure but about different baseball games (with fictitious
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players and teams), The passages were recorded by a male sports announcer who worked for
@ Im al mdm «»mr won, In addition, to enhance the realism of the simulated broadeasts, we mixed
(i m(l noise similar to that which ngm be heard while listening to

E seball game (e.g., crowd cheering and sound of bat hitting
t‘rmii), Pawagw A owere 659, (‘a 39, and 662 words in length, respectively, and the presentation
length for each passage was approximately 3.5 min. Fach passage described foor batters, but
the pa varied in the number of owts made and number of runs scored. Characteristics
of the passages are presented in Table 2.

Each passage began with setting information {e.g., score, mning, which team was batting,
the weather, and the standing of the teams in a particular division), and each of four subsequent
paragraphs introduced a new batter and described the sequence of events that occurred during
that player's turn at bat, (A highly knowledgeable baseball fan assisted in developing the
passages to ensure that they described realistic game scenarios.) For example, in Passage A,
the Senators and the Redbirds were tied at two runs apicce going into the bottom-half of the
eighth inning. The leadoff batter {Sanchez) was described as a fast ronner who was leading
the team in stolen bases. Thig batter reached first base by hitting the ball to centerfield, setting
up a classic situation in baseball: the leadoff batter is on first base late in the game with no
outs. The second batter {Craik) executed a sacrifice bunt {a play in which the batter’s ge
to be put out in order to advance the runner), and the first batter (Sanchez) sdvanced 1o second
base. The third batter (Jacoby) reached first base, and the first batter (Sanchez) remained on
second base. The fourth batter (Snow) hit a fly ball to the outfield. The ball was caught, putting
the fourth batter out. However, the runner on first base (facoby) advanced to second base
and the ranner on second base (Sanchez) advanced to third base. At this point, the manager
for the defensive team decided 1o bring in a new pitcher, and the passage ended.

TABLE 2
Characteristics of Passages
Passage
A B C
Passage variables
Words 659 669
THENCes 39 41
Presentation length (s) 226 239
Words per sentence 16.8 16.3
Words per minute 174.8 1681
lesch-Kincaid Grade Level 6.6 6.9 7.2
Flesch Reading Fase Score 710 74.0 7.8
Came variables
Batters 4 4 4
Chats 2 2 |
Base advancements 5 5 §
Runs scored 0 }
Murnber of blanks in cloze test 32 32 34
Relevant setting 3 4 4
slevant setting 3 2 4
Relevant player 7 6 6
[rrelevant player 2 2 2
Relevant commentary 6 K 4
Irrelevant commentary 2 6 4

Ciame action G 4 10




The first test had two parts and consisted t:‘ai‘ 2wy ixph: hoice questions designed to asses:
whether fuimmmmw were able to track changes in the status of each game. The first pan
consisted of two questions on a single page. The first question asked for the number of outs
that were made, and the second question asked for the mumber of runs scored. The second
part consisted of 10 questions about the outcome of each tm at bat, There were four pages,
with one page devoted 1o each turn at bat. Within this set of questions, the first guestion asked
about the outcome of the first player’s turn at bat. For example, in Passage A, Sanchez was
the first batter, and the question for his at bat was stated as follows: *"Juan § ;
first batter. Sanchez was | 2" The alternatives covered all possible
out, (b} was on first base, gc) was on second base, (d) was on third base, or {(¢) re aimi hm“m*
plate safely and therefore scored a run. The next two questions asked about the outcome of
the second at bat, both with respect to the second batter and the first batter, In other words,
there was 2 guestion about the second batter (with the same alternatives as above) and a
guestion about the first batter. This latter question included all possibilities concerning the
first batter at the outcome of the second player’s turn at bat. For example, Craik was the
second batter in Passage A, and the six alternatives for the guestion about Sanchez (the first
battery were {a) was on base when Craik came up to bat but was then out, (b) was on first
base, (¢} was on second base, (d) was on third base, () reached home plate safely and therefore
seored a run, and (1) was tmt on base when Craik came up to bat because he was out or scored
during a previous at bat. The guestions for the third and fourth batters followed the same
format, and hence theve were three questions for the third batter and four questions for the
fourth batter. The time limit was 4 min,
ree for each multiple-choice test was computed as follows. The first two questions
d 1 point apiece. For the remaining ten questions, one point per question was awarded,
but only for questions that pertained to a batter’s progress in advancing around the bases, For
example, in Passage A, the second batter (Craik) was out at the conclusion of his turn at bat,
and 1 pomt was awarded for choosing the alternative that indicated this outcome. However,
wthm the set of questions for the third batter (Jacoby) and the fourth batter {Snow), no credit
was given for comectly answering that Craik was not on base when he (Jacoby or Snow) came
up to bat. This was done to avoid giving participants double credit for answering that Craik
was oul. The total score for each multiple-choice test was the number of points awarded for
the first two guestions {maximom of 2 points) plus the number of points awarded for the
remaining 10 qumt:cma {maximum of § points for Passage A, 9 points for Passage B, and 7
gwmw for Passage )

The second merory test for each passage used a *‘cloze’” format and consisted of a stightly
modified transcript of the passage with blank spaces at various places throughout. The task
was to fill in as many of the blanks as possible, with a time limit of 11 min. Each cloze test
had between 32 and 34 blanks and was designed to assess memory for two basic types of
information, information relevant to the fictitions baseball games (designated gume-relevans
informationy and information irrelevant to the fictitious baseball games (designated goame-
irrelevant information). There were four types of game-relevant information: relevant setting,
relevant player, relevant commentary, and game action. Relevant setting information provided
an introduction to the game and included the names of the teams, the score, the inning, which
team was le ltuz or trailing, and which team was batting. Relevant player information refers
to attributes of the players potentially relevant 1o the ;ﬂa\/ wf the game; for example, a player
batting average, ERA (earned run average), number of hits allowed, or number of RBIs (runs
batted in). Relevanr commentary vefers 1o statements that were intended to elaborate upon
Mm was happening, what had happened, or what night happen in the game. For example,
¢ A, following execution of a bunt, the narrator commented, ' Some people say that
mmmg is a lost art, but that was a good one. He just squared around and steered the ball
right down the baseling.”” Gume action information refers to statements that described the
events of the game, such as where the ball was hit {e.g., to deep centerfield), how the ball
was hit (e.g., a long fly ball}, and whether the ball was caught by & defensive player. The
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following is an example of game action information from Pa
and a hard groundball 15 hit 1o the left side of the infield. The shortstop div
one from going mto the owtfield, . .

There were three types of game-irrelevant information. {;'i'eif;"vsw?f setting information refers
o facts that were provided in the introduction to the game, but which did not pertain to the
status of the game, myples are the weather conditions Aﬂfi temperature or the standing of
the teams in a particular division, Ireelevam player information refers to attributes of the
players not directly relevant to the game. For example, in Passage A, it was stated that the
reliel pitcher was from the Bronx, and in Passage B, the narrator commented that the pitcher
played in the minor leagues 2 years ago. Finally, irrelevant commentary refers to information
that was not relevant to the game and not about a particular plaver. For example, in Passage
13, the narrator noted that **“The official attendance for today’s game is just under 30,000, and
5,000 of the fans roday are summer school kids from around the metro.”” All game action
information was considered relevant, and thus there was no irrelevant game action information,
The three pass s can be found in Appendix A {memory for the underdined information was
assessed in the cloze tests).’

Each cloze ttem counted one point, and a lenient scoring oriterion was used. For each item,
three experimenters (D 2. Hambrick and two research assistants) decided what responses
wonild be counted as correct. This decision making process was guided by a rational analysis
of the content of each item. For example, for items that queried the temperature, leeway of
3% was given. Therefore, if it was stated that the temperature was 60°, a response falling
within the range of 58-62° was counted as correct given that most people living in the South-
east would probably describe temperatures thhm th% range in the same manner (e.g., cool” )L

Mniim example, for player statist 1in decimal form (e, batting averages ard

. ), responses were counted as correct if they fell within ©2.0035 of the stated
value. To a%m%mm if it was edd that the batting aver for a player was 330, then values
in the range from 325 to 335 were counted correct. The reasoning was that baseball fans
would probably deseribe batting averages falling within a .005 range as similar (e.g., “oxcel-
lent hitter”” for 5%, Likewise, for player statistics stated in whole-number form {e.g.

es and stops this

ey

number of home runs or it
Hence, if it was sta REAS
from 30 1o 54 were counted as correct. As a final example, if it was stated that the ball went
to centerfield, then a response of either “‘centerficld” or “center’” was counted as correct,
given that both convey the same meaning. It should be noted that only one response was
considered correct for certain items. To illustrate, if it was stated that the game was in the
Hth mming, that the month was September, or that the Senators were batting, only verbatim
responses were counted as correct. For items such as these, there were no alternative responses
that seemed 1o convey the gist of the stated information. Because scoring was objective after
the possible correct responses for each itemn was determined, only a single rater scored the
cloze tests,

Practice passage and memory rest. The practice passage was a modified version of a narra-
tive passage (" Animal Passage™) used by Daneman and Carpenter (1980}, The passage de-
seribed the activities of various animals, and {t was read by the person who recorded the
baseball p Background noise {e.g., rannng water, leaves rustling, and animal move-
menty was mixed into the recording to familiarize participants with the task of listening 1o

$ing 4 <ﬁvmiwmm of gach type of information, three raters (D, Z. Hambrick and two
oh assistants) classified cach item as being representative of one of the
seven types of mmmmmm The percentage of items receiving the same classification by all
three raters was 88% ("’:r%/‘”’.? items) for Passage A, 919 (29/32 stems) for Passage B, and
“M‘ o ('”)/34 mm} %m: i’ s (. For all of the remaining ttems, two of the three raters gave
hese items were given the classification chosen by the agrecing raters.
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the narrator’s voice against background notse. The volume level for the practice passage was
the same as that for the baseball passages. The practice passage was 154 words in length, and
the pre ation time was approximately | omin. The memory test for the practice pa

used a cloze format an fa transcript of the p e with [0 blank space
points throughour. The task was to fill in as many of the blanks as possible, and the time Himit
was 3 omin

Procedure

The study took place in a single session of 2.5--3 h, with one to two participants per session.
After signing an informed consent form, participants completed () a background questionnaire
with questions about age, years of education, and health status; (b) the baseball experience

questionnaire, and (¢} operation span. The practice passage was administered next via head-
phones cormeeted to a stereo receiver and compact disk player. Before administration of the
practice passage, participants were instracted to do their best to keep track of what was happen-
ing in the story. After completing the cloze test for the practice passage, participants answered
the following three-alternative multiple-choice question: **Did you have any trouble hearing
the narrator’s voice and distinguishing it from the background jungle noise?”” Four participants
chose the alternative some difficulty, and thus the volume was increased slightly for these
participants, All other participants chose the alternative no difficulty ar all, and therefore no
volurne adjustments were made. No participants chose the alternative very much difficulty,
The baseball passages were administered next, Before administration of each pas
experimenter read the following instructions aloud: ““Now you are going to lsten to a baseball
game, and your task s to keep track of what is ning in the game in terms of the number
of outs, which bases are occupled, and the score, Also, pay attention to information about the
s and to other information about the game. Now put on your headphones,””

: 25, the volume level was approximately 60 dB. After listening to each baseball
se, participants completed the multiple-choice test, which was followed by the cloze
test, For both the multiple-choice and cloze tests, participants were encouraged to check their
work or rest i they finished before time expired. After administration of the bascball £5,
the following tests and questionnaires were given to all participants in a fixed order of (a)
baseball knowledge 1, (b) Cartell series, (¢) Cattell classifications, (d) general knowledge, ()
letter comparison, (T) baseball knowledge 2, (i) letter sets, (h) Shipley abstraction, (i)Y vocabu-
tary, (i) pattern comparison, and (k) baseball knowledge 3.7

RESULTS

There were three missing values; these observations were replaced with
means based on the total sample. No participant had more than one missing
value. Descriptive statistics for the baseball self-ratings and baseball experi-
ence measures are displaved in Table 3. As can be seen, the participants
represented a wide range of involvement in the game of baseball {although
it should be noted that some pdrtmpaxm gave implausibly high estimates of
baseball experience). For example, self-report estimates of total amount of
time spent watching baseball games and programs about baseball on televi-

Shiple v
project and are not discussed in the present article,
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TABLE 3
Pescriptive Btatistics for Baseball Self-Ratings and Self-Report Bxperience Measures

Variable M S Range
37
362
.56
0.32
Collect baseball memorabilia 028
Mo, of books about baseball owned 523
; s attended/year .95
Hours watching baseball games on TV/week 6.37
Hours watching baseball programs on TV/week 2.34
Hours listening to baseball games/week 2.29
Hours reading about baseball/week 2.13

Note. Baseball interest rated on a S-point scale (1 = ve)
estedy, Baseball knowledge rated on & S-point scale {1

ry wninterested 10 5 = very inter-
very low knowledge to 5 =

Reliability of Measures

Diescriptive statistics and correlations among the measures are presented
in Table 4. Reliability estimates are displayed along the diagonal of the corre-
lation matrix. Reliability estimates were computed for the letter comparison
and pattern comparison tests by boosting the correlation between scores on
the two forms of each test using the Spearman—Brown formula, i.e., n{avg.
i3+ {fn — 1] avg. »)), where n is the number of correlations in the com-
posite variable and avg. » is the average of the correlations. To compute
reliability estimates for operation span and counting span, three scores were

P An exploratory factor analysis was performed to investigate the possibility that baseball
experience was multidimensional. For this analysis, log transformations were performed on
the six variables reflecting quantitative estimates of baseball experience: number of books
about baseball owned, number of baseball games attended per vear, hours per week watching
baseball games on television, hours per week watching baseball analysis programs on televi-
sion, hours per week Hstening to all games on the radio, and hours per week reading
about baseball, This was done because, for each of these variables, there was a disproportionate
number of small values relative to large values (e, the variables were positively skewed),
The fog-transformed variables and the three dichotomous baseball experience variables (play
baseball, coach baseball, and collect baseball memorabiliay were then entered into a principal-
axis factor analysis, The results can be summarized by stating that only the first principal
component had an eigenvalue greater than 1 (5.22) and that this factor accounted for a large
proportion of the variance in the baseball experience measures (58%). No other factors were
mterpretable. Thus, it can be concluded that the baseball experience questions captured a single

dimension of baseball-related experience.
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formed for each task, The scores reflected the number of words (in operation

span) or digits {in counting span) recalled from the perfectly recalled trials
for the first trial of each list length, the second trial of each list length, and the
third trial of each list length.* For each working memory task, the reliability
estimates were obtained by boosting the average correlation among the three
scores using the Spearman—Brown formula. All other reliability estimates
are coefficient alphas. It can be seen that the reliability estimates ranged from
35 to 97 and that most of the reliability estimates were greater than .70,
indicating adequate reliability.® Baseball Knowledge 3 was eliminated from
additional analyses because it had very low reliability ((35) and weak correla-
tions with scores on the two other tests of baseball knowledge.

Hierarchical Regression Analyses

Hierarchical regression analyses were conducted to evaluate the main and
interactive effects of baseball knowledge, working memory capacity, and
age on memory performance. For use as predictor variables in these analyses,
unit-weighted composite variables representing baseball knowledge and
working memory capacity were created by averaging the z scores for the
variables corresponding to these constructs. The reliabil ity of sach composite
variable was estimated by caleulating the average correlation among the z-

* Errors in the arithmetic component of the operation span task, and in the counting compo-
nent of the counting span task, were recorded. To minimize the possibility that relations of
working memory span with other variables are influenced by participants who intentionally
sacrifice accuracy in the processing component of the working memory task, a common prac-
tice in our laboratory is to discard data for participants who do not achieve a criterion-level
of accuracy (e.g., 85%). This usnally results in climination of less than 1% of participants,
However, in this study, 10 participants (5. @% of the sample} failed to achieve at least 85%
accuracy in operation span (<9 errors), and 13 participants (7.2% of the sample) failed to
achieve at least 85% accuracy in counting n;mn (<16 errors), Therefore, to avold discarding
a substantial amount of data, all analyses reported in this section were performed both with
and without participants who failed to achieve at least 83% accuracy in either span task.
Because the results were virtually identical in the separate analyses, only results based on the
entire sample are reported.

One possible explanation for the high error rate in the operation span task ts that the sample
used in this was more diverse with respect to educational background ¢ niples mfu
in previous rescarch. {The participants in this study were recruited not only from a univers
subject pool, but also from the general population.) Thus, it is possible that the sample use
in this study was less skilled in simple arithmetic than samples consisting entirely of college
stude . sle explanation for the high error rate in counting span is that the sample
included some ol dw adults with tmpaired visual acuity. Consistent with this speculation, a
mumber of older adults reported difficulty in discriminating shapes in the counting span task

bility estimates range from O (no reliability) to 1 (perfect reliability). One minus the
relighility estimate equals the proportion of variability in test scores due 0 random ervor,
Typically, reliability estimates greater than 90 are considered “‘excellent,”” whereas those in
the range from .70 to .90 are considered “‘adequate’ or “acceptable’” (see, e.g., Cronbach,
1990).
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transformed variables and by boosting this average using the Spearman-—
Brown formula. The resulting reliability estimates were 96 for baseball
knowledge and .79 for working memory capacity, indicating adequate reli-
ability for each composite variable. The composite variables were screened
for possible outliers, but none were found.®

Each hierarchical analysis was carried out in three steps. Baseball knowl-
edge, working memory capacity, and age were entered in the first step to
evaluate the main effect of each predictor variable on memory performance.
Cross-product terms representing the baseball knowledge X working mem-
ory capagity, baseball knowledge % age, and working memory capacity %
age two-way interactions were entered in the second step. A cross-product
term representing the baseball knowledge % working memory capacity X
age three-way interaction was entered in the third step. For each step, we
report the increment in varance accounted for {Inc. R*) by the variables
entered in that step. We also report the squared semipartial correlation (sr*)
for each individual predictor variable, which reflects the proportion of vari-
ance in memory performance uniquely accounted for by that variable (see
Cohen & Cohen, 1983), (Note that the sum of the sr’s within a step will not
equal the R* value when a portion of the variance in memory performance
was not uniquely accounted for by a predictor variable.) Within the first step,
a significant s#* for a predictor variable (e.g., baseball knowledge) would
indicate that there was a main effect of that variable on memory performance,
controlling for the two other main effects {e.g., working memory capacity
and age). Within the second step, a significant s#? for a cross-product variable
would indicate that there was a two-way interaction, controiling for the other
two-way interactions and for the main effects. For the final step, a significant
sr? would indicate that there was a three-way interaction, controlling for all
main effects and two-way interactions.

To illuminate the results, graphs displaying the relation of baseball knowl-
edge to memory performance as a function of both working memory capacity
and of age are presented with each hierarchical analysis. The graphs were
generated following Cohen and Cohen’s (1983) recommended procedure for
graphing continuous vanable interactions. First, a regression equation was
generated with two main effect terms (e.g., baseball knowledge and working
memory capacity) and a cross-product term (e.g., baseball knowledge

#To identify outliers in the data, each composite memory performance variable (i.e., overall
memory, game-relevant memory, and game-irrelevant memory) was regressed onto baseball
knowledge, working memory capacity, and age in order to obtain a Cook’s [ statistic for
each participant. A Cook’s D greater than 1 is generally considered large and indicates that
excluding a given participant’s data would change the regression coefficients substantially,
i.e., that the participant is a possible outlier (see Cook, 1977, for additional information). The
maximum Cook’s [ was .09 for overall memory performance, 08 for game-relevant memory,
and 07 for game-irrelevant memory. Thus, it was concluded that there were no outhiers in
the data set.
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working memory capacity ). Second, using the unstandardized regression co-
efficients for the main effects and the interaction, the relation of baseball
knowledge to memory performance was evaluated as a function of three
levels of working memory capacity (low, average, or high) or three levels
of age (young, middie-age, and older). This was accomplished by predicting
memory performance for each of two levels of baseball knowledge (low vs
high) at each of the three levels of working memory capacity or age. Values
used in this step were (a) | standard deviation below the mean for low base-
ball knowledge and 1 standard deviation above the mean for high baseball
knowledge; and (b) ! standard deviation below the mean for low working
memory capacity or young, the mean for average working memory capacity
or middle-age, and 1 standard deviation above the mean for high working
memory capacity or older. Finally, the regression lines were graphed by plot-
ting the predicted values.

Overall Memory Performance

The multiple-choice and cloze memory measures for each passage were
highly correlated (see Table 4), Furthermore, when the memory meas
were entered into a principal-axis factor analysis, the first factor had an eigen-
value greater than 1 (4.37) and accounted for a large proportion of the vari-
ance (72.8%). No other factors met the Kaiser criterion for extraction (Le.,
eigenvalue greater than 1), Therefore, a unit-weighted mmp&mtc’ variable
reflecting overall memory performance was created by averaging the 7 scores
of the two memory measures for each baseball passage. The reliabitity for
this variable was excellent {97).

The relation of baseball knowledge to memory performance as a function
of working memory capacity (top panel) and of age (bottom panel) is dis-
played in Fig. 3. Review of Table 5 reveals that baseball knowledge, working
memory capacity, and age together accounted for 779% [F(3, 177y = 197.60,
p <0 01] of the vanance in memory performance, and that each variable
contributed uniquely (p < 01} baseball ki‘wwiﬁ?d};ﬁ (s = .549), wm“im“ig;g
memory capacity (sr* = .045), and age (s#° = .066). High levels of baseball
knowledge and working memory capacity were associated with superior
memory performance. Older age was associated with lower memory perfor-
mance. The two-way interactions accounted for an additional 1.4% [F(3,

174y = 378, p < 05] of the variance in memory performance, although
t:miy the baseball knowledge » working memory capacity interaction was
significant (s* = 007, p < .05). High levels of working memory capacity
were associated with a greater positive effect of baseball knowledge on mem-
ory performance than were lower levels of working memory capacity. The
three-way interaction was nonsignificant (F < 1),

Memory for Different Types of Informaiion

The results presented thus far suggest that baseball knowledge was the
major predictor of memory performance. Indeed, it uniquely accounted for
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FIG. 3, Relation of baseball knowledge to memory performance as a function of working
memory capacity (top) and age (bottom). (Values along each axis reflect the average of z
wores.)

over half of the vanance (i.e., 54.9%). Furthermore, high levels of working
memory capacity and young age were associated with superior memory per-
formance, even for participants at the highest levels of baseball knowledge.
Finally, there was some evidence that participants high in working memory
capacity derived the greatest benefit from baseball knowledge. Nevertheless,
it 1s possible that effects of the predictor variables on memory performance
varied depending on the type of information. We predicted that the facilita-
tive effect of baseball knowledge on memory would be stronger for game-
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TABLE 5§

Hierarchical Regression Analysis Predicting Overall Memory Performance
Criterion variable inc. ® F value B ¢ value st
Step 1. T70 197,607

BHE, 676 2055w 549
WM 208 5 BgE Q45
Age -, 013 R R i1t
014 3.78%

91 2.29% LG0T

K - 001 - (163 000
WM X Age - (04 ~ 1,82 004

Btep 3 00 0.17

BBK » WMC = Age £01 .41 REY

Note. Inc. R* = increment in variance accounted for; B = unstandardized regression coeffi-
cient; st = = Working
memory capacity.

*p o 08

EE o O

relevant information than for game-irrelevant information. It is also possible
that baseball knowledge reduced the effects of working mermory capacity
and age on memory performance, but only for game-relevant information.
For example, Ericsson and Kintsch (1995) proposed that preexisting domain
knowledge facilitates encoding of domain-relevant information into long-
term memory and that reliance on temporary maintenance of information
via working memory is cireumvented when domain knowledge is applicable
to the task at hand. A prediction that seems to follow from this proposal 15
that the effect of working memory capacity on memory for game-televant
information should have been smaller at high levels of baseball knowledge
than at lower levels of baseball knowledge. Alternatively, if working mem-
ory capacity facilitated use of baseball knowledge in memory for the baseball
games, then this effect may have been most pronounced for game-relevant
information. The analyses described next were performed to examine these
possibilities and involved three steps.

First, we conducted both exploratory and confirmatory factor analyses w
determine whether different types of information could be distinguished em-
pirically. ltems from each cloze test were summed to form variables repre-
senting memory for the types of information described above: (a) relevant
setting, (b) wrelevant setting, (¢) relevant plaver, (d) irrelevant player, (e)
relevant commentary, () irrelevant commentary, and (g} game action. (Re-
call that all game action information was considered relevant.y The 21 vari-
ables (1.e., 7 variables per passage X 3 passages) were then entered into a
principal-axis factor analysis. Because cach cloze memory test was designed

to measwre memory for two types of information (i.e., game-relevant and
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game-irrelevant}, we set the nurmber of factors for extraction at two., Next,
the factors were rotated using an oblique rotation (promax), thus allowing

the factors to correlate. The standardized factor loadings are displayed in
Table 6. The first factor was labeled game-relevant memory because the
relevant setting, relevant player, relevant commentary, ami game action vari-
Ab!m hqm w{mgu pmmsw !uadmgﬁ on thm mc%m {M m}} ﬁmm d d the

mtti% wrmb e ffﬂ‘ Pawaw 1, whlch md a %mmgm pumt ve Ewmhm, on t%m
second factor (.34) than on the first factor (.12}, The second factor was la-
beled g,gm;i‘m-»wmi{twm memory because the irrelevant settin g, irrelevant
player, and irrelevant commentary variables had generally stronger positive
loadings on this factor (M = 46) than did the game-relevant variables (M
= (8). The only exception was the irrelevant commentary variable for Pas-
sage C, which had a slightly stronger posi itive Eamdmy on the first factor {.36)
than on the second factor (.24). Thus, 19 of 21 variables loaded on the factors
in a manner consistent with the distinction between ;u;;zza;zmw::duvm‘:t memory

TABLE 6
Loadings of Variables from Cloze Tests on Game-Relevant and Game-
frrelevant Factors

Yarigble Crame-relevant Game-irrelevant

Relevant setting (A)
Relevant setting (B)
Relevant setting ()
Relevant p%d‘vu {A)
Relevant player (B)
Relevant player ()
Relevant commentary (A)
Relevant commentary (B3
Relevant commentary ()
Crame action (A)
Ciame action (B)
Came action ()
rrelovant setting {A)
Trrelevant mtimg {B)
frrelevant setting (O
Ermic Fart ni
Irrelev a
nﬂw a1t ;% ayer (0 }

rele

!

le

slevant commentary {
ilw evant commentary (m

frrelevant commentary (C)
Bigenvalue 154
Proportion of variance A7

Nore. Factor loadings with an absolute magnitude greater than 30 are
umiu fined.
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TABLE 7
Loadings of Variables from Cloze Tests on Latent Variables
Vartable Game-relgvant CGame-irrelevant
Relevant setting (A) 34
Relevant setting (B} 36
Relevant setting () 52
Relevant player (A)* T8
Felevant player (B) 66
Relevant plaver ((0) 57
Relevant commentary {A) A2
Relevant commentary (B) 69
Relevant commentary (C) Bl
Crame action (A 74
Crame action (B 84

on () k3!
frrefevant setting {
trrelevant setting {
freelevant setting {
frrelevant player (AY
freelevant plaver (B)
rrelevant player ()
vant commentary (A}
ant commentary (B)
rrelevant commentary ()

Nove, “Observed variable used to scale latent variable.

and game-irrelevant memory, The correlation between the game-relevant
memory and game-irrelevant memory factors was .67, A confirmatory factor
analysis was performed as a follow-up to the exploratory factor analysis.
A two-factor model was specified, with latent variables representing game-
relevant memory and game-irelevant memory. The fit of the model was

The results are displayed in Table 7.

Second, based on the preceding results, unit-weight
representing memory for each type of information were created, The z scores
of the relevant setting, relevant player, relevant commentary, and game ac-

“The y* (chi-square) statistic reflects
the reproduced and obs i covariane
sirable. However, when moderate to |
between the reproduced and «
The confirmatory fit index (C

2 stight differer
‘ rificant 7 statistic,
and nonnormed fit index (NNF1) are less sensitive to sample
size; both indexes reflect the proportion of the observed covartance matrix explained by the
model. The standardized root mean squared residual (SRMR) reflects the average squared
difference between the observed and reproduced covariances. Confirmatory fit index and NNF]
values of greater than .90, and SRMR values less than 05, are generally considered indicative
of an acceptable fit (Kline, 1998).
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TA
Correlations among Age, Working Memory Capacity, Baseball Knowledge, and Vi
Reflecting Memory for Two Types of Information

I 2 3 4 5
. Age e 16 15 -~ 18 - 38
2. Working memory capacity (.79} 28 47 46
3. Baseball knowledge {.96) 19 A1
4. Game-relgvant memory (98] .67
& Game-trrelevant memory (9%}

Note. Correlations with an absolute magnitude greater than 20 were significant {p <0 .01),
Values in parentheses along the diagonal are reliability estimates.

tion variables were averaged to create the game-relevant memory composite,
The 2 scores of the irrelevant setting, irrelevant player and irrelevant come-
mentary variables were averaged to create the game-irrelevant memory com-
posite. The reliability estimates for these composite memory variables were
98 for game-relevant memory and 93 for game-irrelevant memory; hence,
both had excellent reliability. (See Table 8 for correlations of baseball knowl-
edge, working memory capacity, and age with game-relevant memory and
game-irrelevant memory.) Finally, the effects of baseball knowledge and
working memory capacity, and baseball knowledge and age, on memory
performance were evaluated, with a separate analysis for each type of infor-
mation. As before, the question was whether effects of the predictor variables
were additive, underadditive, or overadditive. Results of analyses involving
game-relevant memory are in Table 9, and results of analyses involving
game-irrelevant memory are in Table 10.

TABLE 9
Higrarchical Regression Analysis Predicting Game-Relevant Memory

Criterion variable step Ine. R F vatue B 1 value st
Step 1 TG 1HE Baw*
BBK 536 19.72%% 529
WM 8D 613 081
Age - 10 -, TR 063
Btep 2 20 525w
BRE X WMC 108 B2 S 014
BEK » Age - 00t - (.68 RUH|
WM % Age - 02 -~ 123 002
Step 3 000 0,04

BBE x WM » Age 000 019 000

Note. Inc, ' = increment in variance accounted for; 8 = unstandardized reg
clent; o' = squared semipartial correlation; BBE = baseball knowledge, WMC
MEmory capacity,

*p o< 08,

*ep < 01
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TABLE 10
Higrarchical Regression Analysis Predicting Game-frrelevant Memory

Criterion vartable step e, #° F value A t value st
Step 1. A48 47534
BBK 240 H.78%* 443
WM 192 5.02%% 078
Age RRUL {5 RO 147
Step 2. 010 1.12
BBE « WMC - 31 = {70 002
BRI« Age -~ 03 ~ 148 007
WMC > Ape - 02 ~{.74 D02
Step 3 003 092
BBE x WMC = Age 002 .96 RIE

ion coeffi-
= working

Note. Inc, R = increment in variance accounted fory # = unstandardized reg
cient; s#* = sguared semipartial correlation; BBK = baseball knowledge: WMC
Memory Capacity.

*p (s

*Ep < (1

Game-relevant memory. The relation of baseball knowledge to game-rele-
vant memory as a function of working memory capacity (top panel) and of
age (bottom panel) is displayed in Fig 4. Review of Table 9 reveals that
baseball knowledge, working memory capacity, and age together accounted
for 75.9% [F(3, 177) = 185.84, p < .01] of the variance in game-relevant
memory and that each variable contributed uniquely (p < .01): baseball
knowledge (sr* = ,529), working memory capacity (sr* = .051), and age
{sr® = 063). High levels of baseball knowledge and working memory capac-
ity were associated with superior game-relevant memory. Older age was as-
sociated with lower levels of game-relevant memory. The two-way interac-
tions accounted for an additional 2% [F(3, 174) = 525, p <0 011 of the
variance in game-relevant memory, but once again only the baseball knowl-
edge X working memory capacity interaction was significant (sr* = .014,
p <01} High levels of working memory capacity were associated with a
greater positive effect of baseball knowledge on game-relevant memory than
were lower levels of working memory capacity. The three-way inferaction
was nonsignificant (£ ‘

Game-irrelevant memory, The relation of baseball knowledge to game-
wrelevant memory as a function of working memory capacity {top panel)
and of age (bottom panel) 1s displayed in Fig. 5. Review of Table 10 reveals
that baseball knowledge, working memory capacity, and age together ac-
counted for 44.8% [F(3, 177) = 47.93, p < .01] of the variance in game-
irrelevant memory and that each variable contributed uniquely (p << 01
baseball knowledge (sr? = .143), working memory capacity (sr? = .078),
and age (sr* = .147). High levels of baseball knowledge and working mem-
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FIG. 4. Relation of baseball knowledge to memory for game-relevant information as a
function of working memory capacity (top) and age (bottom). (Values along each axis reflect
the average of 7 scores.)

ory capacity were associated with superior game-irrelevant memory. Older
age was associated with lower levels of game-irrelevant memory. Neither
the two-way interactions [F(3, 174 1127 nor the three (
<. 1} contributed significantly to the prediction of game-urelevant memory.
Type of information X predicror variahle. To investigate the possibility
that effects of the predictor variables on memory performance differed for
game-relevant information and game-irrelevant information, we performed
a hierarchical regression analysis in which type of information {game-rele-

v interaction (F

8
%
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FiG:. 5. Relation of baseball knowledge o memory for game-irrelevant information as a
function of working mermory capacity (top) and age (bottom). {Values along each axis reflect
the average of z scores.)

vant vs game-irrelevanty was treated as a within-subjects variable. The inter-
ion of type of information with each predictor variable was assessed. The
predictor variables were entered into the hierarchical analysis in the follow-
ing order: baseball knowledge, working memory capacity, age, baseball
knowledge X working memory capacity, and baseball knowledge > age. A
significant type of information X predictor variable interaction would indi-
cate that the effect of the predictor variable on memory performance was
different for game-relevant information and game-irrelevant information.
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The results can be summarized as follows. As expected, there was a type
of information X baseball knowledge interaction [F(1, 175) = 8923, p <
01]. Bascball knowledge had 2 stronger positive effect on game-relevant
memory than on game-irrelevant memory, However, neither two-way infer-
action was significant: type of information > working memory capacity (F
< 1} and type of information X age [F(1, 175y = 3.04, p > 08]. Thus, it
can be concluded that the effects of working memory capacity and age on
game-relevant memory and on game-irrelevant memory did not differ statis-
tically. Finally, there was a type of information X baseball knowledge X

because there was an over additive baseball knowledge > working memory
sapacity interaction for game-relevant memory but not game-irrelevant

memory. The type of information X baseball knowledge X age interaction
was nonsignificant (F <0 1)

Gender Differences

Perhaps because the game of baseball is more popular among men than
among women, there was a significant negative correlation between gender
and baseball knowledge (r = — 85, p =0 01), indicating that the men in this
study knew more about baseball than did the women. To investigate whether
taking this gender difference into account would change the results discussed
thus far, we repeated the hierarchical regression analyses reported in Tables
5,9, and 10, with one modification——gender was entered in the first step of
each analysis as a covariate. The results can be summarized by stating that
the only effect of controlling for gender was 1o slightly reduce the effect of
baseball knowledge on memory performance, although this effect remained
significant and sizeable in all cases (e.g., for overall memory performance,
sr o= 429). Changes in the main effects of working memory capacity and
age on memory performance were negligible, as were changes in the interac-
tions of working memory capacity and age with baseball knowledge.

Discussion and Summary of Hierarchical Regression Analyses

Domain knowledge about baseball was the strongest predictor of memory
for the simulated radio broadeasts of baseball games. Moreover, the positive
effect of baseball knowledge on memory performance was stronger for
game-relevant information than for game-irrelevant information. However,
independent of both baseball knowledge and age, high levels of working
memaory capacity were associated with superior memory performance. Fur-
thermore, there was no evidence to suggest that baseball knowledge attenu-
ated, much less eliminated, the effect of working memory capacity on mem-
ory performance. To the contrary, the positive effect of baseball knowledge
on memory performance was greater for participants with high levels of
working memory capacity than for those with lower levels of working mem-
ory capagity. Additional analyses revealed that this interaction was moder-
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ated by type of information. That is, there was an overadditive baseball
knowledge X working memory capacity interaction for game-relevant mem-
ory but not game-irrelevant memory. This finding is consistent with the spec-
ulation that working memory capacity may facilitate the use of preexisting
domain knowledge in cognitive performance. Finally, consistent with previ-
ous research, there was a negative effect of age on memory performance
(e.g., Zelinski & Gilewski, 1988). However, there was no evidence to suggest
that baseball knowle ret, and thus the results are incon-
sistent with the iwpmhwm that duxmm knowledge compensates for the effect
of age on memory for domain-relevant material.

Structural Eguation Analyses

Using the EQS program (Bentler, 1995), structural s:-‘fqum'e;m modeling was
performed to evaluate the relative contributions of baseball knowledge,
working memory capacity, and age to memory performance. The primary
question motivating the structural equation analyses was whether working
memory capactty contributed to memory performance independent of base-
ball knowledge. Latent vaniables representing general knowledge and pro-
cessing speed were also included in the structural eguation model to address
two additional qumtimw (‘"‘me question was whether knowledge about the
game of baseball is a form of domain knowledge distinet from less specific
expressions of knowledge (e.g., vocabulary) and whether the effect of base-
ball knowledge on memory performance would be independent of general
knowledge. The other question was whether the effect of age on memory
performance would be indirect and mediated through processing speed and
working memory capacity.

The structural equation analyses were performed in two steps. First, a
confirmatory factor analysis was conducted to determine whether the in-
tended constructs were measured. The covariance matrix was used as input,
but standardized solutions are presented. The latent variables were scaled by
fixing the factor loading of one observed variable per construct to 1.0. The
measurement model 1§ w"e%nmﬁ in Table 11, and correlations among the
latent muai les are shown in Table 12, The fit of the model was acceptable
[ (80) = 142.78, CFl = };373 NNFL = 96, SRMR = 04], and inspection
of the modification indexes revealed no misspecification of the latent vari-
ables. Also, the Mardia statistic (1.58) indicated that the assumption of multi-
vmmm normality was met in the data, i.e., that there was not a significant
degree of multivariate skewness or kurtosis (values greater than 3 are gener-
ally considered indicative of nonnormality) (see Kling, 1998). Second, the
refations among the latent variables and age were estimated in a structural
equation model. The fit of the model displayed in }"?iwr& 6 was also accept-
able [ (95) = 199.85, CFI = .95, NNFI = .94, SRMR = 06]. Nnmzwmw
cant paths (p > .05) were deleted from the model and included processing
speed to general knowledge, processing speed to memory performance, gen-
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TABLE 11
Loadings of Criterion Variables and Predictor Variables on Latent Variables

Yariable MEM WM sPD GEN BEEK

Multiple-choice A B2

Cloze A? B0

Multiple-choice B 74

Cloze B B9

Multiple-chotce b

Cloze € 50

Uperation span A6

Counting span® B7

Letter oo i T8

P B0

Synonym voeabulary” BE

Antorym vocabulary 45

General information B2

Ha | knowledge 17 93

Baseball knowledge 2 9
Note. MEM = memory performance; WMC = working memory capacity; 3PD = pro.

cessing speed; GRN = general knowledge, BBK. = baseball knowledge.
“Observed variable used to scale latent variable.

eral knowledge to baseball knowledge, and general knowledge to memory
performance. Retention of these paths produced no significant improvement
of fit in the model,

Major Findings

To reiterate, the primary question addressed through structural equation
modeling was whether working memory capacity contributed 1o the predic-
tion of memory performance independent of baseball knowledge. Inspection
of Fig. 6 reveals that it did. That is, there was a direct effect of working
memory capacity on memory performance ((30) independent of the effect
of baseball knowledge {76}, This indicates that, mdependent of the large
predictive contribution of baseball knowledge, memory performance in-
creased (30 standard deviation units for every | standard deviation mcereanse

TABLE
Correlations among Latent Variables

i 2 3 4 5

1. Memory perfonmance 55 Bt 33 B3

2. Working memory capacity - s 53 A4 i

3. Processing speed 15 24

4. General knowledge e .39

5. Baseball knowledge
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FIG. 6. Structural equation model. Values adjacent to the arrows connecting the variables
are stundardized regression coefficients.

in working memory capacity. Furthermore, when the path from working
memory capacity to memory performance was dropped, there was a signifi-
cant loss of fit in the structural model, as evidenced by a significant change

Two additional questions were addressed through structural equation mod-
eling. One question was whether knowledge about baseball can be consid-
ered a form of knowledge distinet from general knowledge and whether there
waould be an effect of baseball knowledge on memory performance indepen-
dent of general knowledge. The results suggest that “"yes’ is the answer to
both parts of this question. That is, latent variables representing baseball
knowledge and general knowledge were separable (although positively cor-
related; see Table 12), and baseball knowledge had a direct effect on memory
performance, whereas general knowledge did not. The other question was
whether the effect of age on memory performance would be indirect and
mediated through processing speed and working memory performance, In-
spection of Fig. 6 reveals that although the effect of age on memory perfor-
mance was partially mediated through processing speed and working mem-
ory capacity, there was also a direct effect of age on memory performance
(.27} Thus, processing speed and working memory capacity did not com-
pletely account for the effect of age on memory performance.
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Addirional Findings

Three other aspects of Fig. 6 are noteworthy. First, working memory ca-
pacity had positive effects on both baseball knowledge {41) and general
knowledge (.60). One interpretation of this finding, suggested by previous
research, is that working memory capacity contributes fo knowledge acquisi-
tion. For instance, Kyllonen and Stephens (1990) found that working mem-
ory capacity predicted knowledge acquisition in a complex learning task.
However, an alternative explanation is that acquisition of knowledge leads
to the expansion of working memory capacity. More specifically, it has been
suggested that acquired knowledge accounts for individual differences in
performance on the type of working memory task administered in the present
study (e.g., Fincher-Kiefer et al., 1988; Ericsson & Kintsch, 1995; Kintsch,
19983, We cannot rule out this hypothesis, but it s worth noting that the
fit of a reconfigured structural model with paths extending from baseball
knowledge and general f»ﬁmwiadgm to working memory capacity [¢* (95) =
24770, CFL = 93, NNF 91, SRMR = t‘i“ 1an He f‘it of
the model in Fig. 6 [y’ {‘9:’5) = 199,85, CF1 ‘
061, in which these paths went in the opposite iﬁ!lﬁ"(ﬁmi()ﬁn i*‘m*iimmc"m;x i t}m
reconfigured structural model, the effect of baseball knowledge on erkim
MEMory capacity was 1‘3<m~;igni‘§cam (.09). Taken together, these findings
seem consistent with previous research in suggesting that working memory
capacity may contribute to knowledge acquisition,

Second, the effect of age on working memory capacity was partially medi-
ated through processing speed. That is, there was a negative effect of age
on processing speed (. 60, and a positive effect of processing speed on
working memory capacity (77} in turn. Therefore, the indirect effect of age
on working memory capacity was —.46 (e, —.60 X 77 = -~ .46). This
replicates the finding that age-related decreases in processing speed <3¢:>mrib«~
ute to concomitant decreases in working memory capacity {e.g., Ver-
haeghen & Salthouse, 1997} It is not obvious why there was a positive effect
of age on working memory capacity (.27) independent of proce ssing speed,
but Allen, Hall, Druley, Smith, Sanders, and Murphy (2001} reported a simi-
lar finding and suggested that as people grow older they may develop bene-
ficial cognitive strategies (e.g., rehearsal) in order to cope with age-related
cognitive decline.

Finally, there was a positive effect of age on both general knowledge (.52)
and baseball knowledge (.24). This finding is consistent with the hypothesis
that “crystallized’™ aspects of cognition (e.g., declarative knowledge) remain
relatively stable or even increase with age (e.g., Ackerman, 1996; Horn &
Cattell, 1967).

iéf)j Was wors

GENERAL DISCUSSION

The prmwy E,mi of this research was to evaluate three deseriptive models
voncerning the joint effects of domain knowledge and working memory ca-
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pacity on cognitive performance. The first model is based on the idea that
domain knowledge compensates for working memory capacity in cognitive
performance. That is, this model predicts that high levels of domain knowl-
edge attenuate the effect of working memory capacity on cognitive pecfor-
mance. The second model stems from the view that working memory capac-
ity represents a basic mechanism underlying cognitive performance and that
it contributes to performance differences even at high levels of domain
knowledge. The final model predicts a rich-get-richer effect involving work-
ing memory capacity, such that people with high levels of working memory
capacity derive a greater benefit from domain knowledge than people with
lower levels of working memory capacity. An additional goal of this study
was 1o investigate corresponding models concerning the interplay between
domain knowledge and adult age in cognitive performance.

Liomain Knowle dggr and ¥ milwmg /&lmum (apm ity

mance. "1 lwi 18, mde:pc;‘raden of wwki;}g mmm()ry mgmcw ami ﬁg&xm "im;&tfimi!
knowledge accounted for an impressive 54.9% of the variance in a composite
measure of memory performance. Furthermore, the positive effect of base-
ball knowledge on memory performance was much greater for game-relevant
information than for game-irrelevant information. Although we did not set
out to explain how domain knowledge facilitates text comprehension and
memory, a plausible explanation is based on the concept of a retrieval siruc-
ture, which may be defined as a stable and organized set of retrieval cues
that enables long-term memory encoding and retrieval of domain-relevant
information (Chase & Ericsson, 1981; B ri{:wm & Kintsch, 1995). For exam-
pifﬂ as Spilich et al. (1979) suggested, generic knowledge about how baseball
is played may serve as a retrieval structure for encoding and retrieving impor-
tant changes in a baseball game, such as the number of outs, the number of
balls and strikes for a batter, which bases are occupied, and so0 forth. One
possible explanation for why there was a positive effect of baseball knowl-
edge even on memory for game-urelevant information 1s that high-knowl-
edge participants were able to associate game-irrelevant iformation with
game-relevant information. Alternatively, the relevance of information from
the fictitious baseball games was classified @ priors, and thus it is possible
that high-knowledge ;“mmciprmm considered some of the information that
we classified as game-urelevant to be game-relevant.

The preceding results add to a large body of evidence demonstrating that
domain knowledge facilitates c,wgz,mmff, performance in general and text com-
prehension and memory in particular (e.g., Recht & Leslie, 1988; Spilich et
al., 1979, Walker, 1987). A more important discovery, however, was that
there was an effect of working memory capacity on memory performance,
That is, while both hierarchical regression analysis and structural equation
modeling revealed that baseball knowledge was clearly the major contributor
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o memory performance, there was a significant effect of working memory
capacity, as well. Furthermore, inconsistent with the possibility of compensa-
tion, there was no evidence to suggest that high levels of domain knowledge
attenuated, much less eliminated, the effect of working memory capacity on
memory performance. To the contrary, for game-relevant information, there
was evidence for an overadditive interaction between baseball knowledge
and working memory capacity such that participants high in working mem-
ory capacity derived a greater benefit from baseball knowledge than partici-
pants low in working memory capacity. This finding supports what we have
termed the rich-get-richer hypothesis involving domain knowledge and
working memory capacity,

Very briefly, one possible explanation for this multiplicative effect of do-
main knowledge and working memory capacity stems from the idea that
integrating new information into preexisting knowledge structures depends
on the ability to maintain that information in an activated state for some
period of time. More precisely, it could be that domain-specific retrieval
structures can be used to encode new pieces of information {e.g., facts about
a baseball player) into long-term memaory but only if those pieces of informa-
tion are simultaneously active. To illustrate t }m pm;ww% explanation, con-
sider the following excerpt from Passage C: ““Now Tom Wilcox steps up to
bat, This veteran lead-off hitter has a 275 batting average, and once again
he leads the league in stolen bases.”” I the fact that Tom Wilcox is the lead-
off hitter were quickly lost, then it would not be possible to integrate this
miformation with the fact that Wilcox has a batting average of 275 and leads
the league in stolen bases. Furthermore, if it can be assumed that working
mermory capacity reflects the ability to maintain information in an activated
state during ongoing processing, then coactivation of to-be-integrated infor-
mation should be more likely in people with high working memory capacity
than in people with low working memory capacity. High levels of working
memory capacity should thereby amplify the effect of domain knowledge
on cognitive performance.

We hasten to add that the present results do not distinguish between alter-
native accounts of why measures of working memory capacity predict cogni-
tive performance. We have proposed that measures of working memory ca-
pacity predict cognitive performance because they tap a general information
processing capability, perhaps corresponding to the ability to maintain infor-
mation in an activated state through the application of controlled attention
{e.g., Engle, Kane, & Tuholski, 1999). Alternatively, others have argued that
performance in working memory tasks is influenced by acquired skills and
knowledge (e.g., Fincher-Kiefer et al., 1988, McNamara & Scott, 2001 )—
and even that these factors account for the predictive power of measures of
working memory capacity (e.g., Pricsson & Kintsch, 1995, Kintsch, 1998).
Nonetheless, we believe that the present study represents a first step toward
c:l“xamaterm% the interplay hmwwn domain knowledge and working mem-
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capacity in cognitive performance, More specifically, this research has
fied a potentially interesting phenomenon: While domain knowledge
facilitates cognitive performance, working memory ca ty may enhance
this effect. This research may therefore prompt reconsideration of the view
that possible hardware aspects of cognition {e.g., working memory capacity)
play an unimportant role in domain-relevant cognitive tasks (e.g., Feigen-
baum, 198K),

ory

Domain Knowledge and Age

An additional goal of this study was to evaluate the joint effects of domain
knowledge and adult age on cognitive performance. To reiterate, there was
no evidence to suggest that domain Mzmnfﬁudgﬁ attenuated age-related differ-
ences in memory performance. Therefore, the results of this study arg not
consistent with the compensation hypothesis as it applies to the relationship
between age and cognitive performance. Instead, the results suggest that
there may be conditions under which voung adults outperform older adults
in cognitive tasks even at high levels of domain knowledge. This discovery
agrees with the results of recent rescarch. For example, Morrow et al. (2001)
found no evidence to suggest that &\Miw}ﬂ related experience (which corre-
tated positively with aviation knowledge) attenuated the negative etfect of
age on memory for atr-traffic control ilmmxgaﬁe. Similarly, Meinz and Salt-
house (1998) and Meinz (2000) found no evidence for age X experience
interactions on recall of visually presented melodies. Nevertheless, there may
be some evidence for compensation in other types of cogmtive task. For
example, Salthouse (1984) and Bosman (1993) suggested that older typists
may be able to compensate for age-related slowing in motor processes by
looking ahead in the to-be-typed text. As another example, in a2 study of
chess, Charness (1981) found no evidence for age-related differences in over-
all skill level, despite age-related decreases in domain-relevant memory (e.g.,
memory for chess positions). Thus, at the present time, evidence for compen-
sation in the context of aging 13 mixed.

One other result concerning age warrants discussion. Structural equation
modeling revealed that there was a negative effect of age on memory perfor-
mance independent of working memory capacity and processing speed. What
might explain this effect? One possibility 15 that the young adults in this
study were more motivated to perform the memory task than the older adults,
Another possibility is that young adults and older adults used different strate-
gz,xm i Hw mtmun mix im mami h, uH ‘ mmi ts nmy‘ Emw i‘wu csﬁ on

tnh,>mmtmm Wimmcxz, ymungj a&u fh nmy haw pi.:ic,nd uqui wmhasm on the
two types of information. That age correlated more negatively wii‘h game-
irrelevant memory (r = -.38) than with game-relevant mer m)z*y ‘‘‘‘‘‘‘‘‘‘ ,ié‘i)
lends some credence to this speculation [#(178) = 3.57 p -
difference in dependent correlations]. However, this difference wi"mt_am be
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interpreted cautiously because the interaction between age and type of infor-
mation was nonsignificant. A final possibility is that older adults had diffi-
culty hearing the fictitious baseball broadeasts against background noise
(e.g., sound of crowd cheering), This possibility 1s suggested by the finding
that background noise may sometimes exacerbate the ¢ of age on mem-
ory for auditory stimuli (e.g., Speranza, Daneman, & er, 2000},
Whatever the explanation, ﬁm ﬂndm,gﬁ of a direct effect ui age on memaory
performance suggests that processing speed and working memory capacity
may not completely account for age-related differences in some types of
cognitive performance.

Summuary and Conclusions

The results of this study provide additional support for the view that do-
main knowledge is a powerful predictor of individual c:ﬁiiiu“e;‘m:e:*% in cognitive
performance. Indeed, although working memory a:zqma: v had a positive ef-
fect on performance in the task used in this study, domain knowl ledge had
a much stronger effect. This finding accords with the hypothesis that domain
knowledge is an important component of the working memory system in
the context of ymr forming domain-relevant cognitive tasks (e.g., Ericsson &
Kintsch, 1995). Furthermore, the results of this study are informative about
the interplay between domain knowledge and working memory capacity.
Inconsistent with the possibility of compensation, the idence to
suggest that domain knowledge attenuated the effect of W(‘wri“mp; MEmory
capacity on performance. Instead, participants with high levels of working
memory capacity appeared to derive a greater benefit from domain knowl-
edge than did participants with lower levels of working memory capacity,
There was also no evidence to suggest that domain knowledge attenuated
the effect of age on performance. Thus, it appears that there may be condi-
tions under which age has a pegative effect on cognitive performance even
at high levels of domain knowledge.

APPENDEX: BASEBALL PASSBAGES

Passage A

Good evening baseball fans. You're tuned into WEBLG, the baseball radio
network. Well, the temperature here at Senators stadium 18 ¢ cool 60 degrees,
and 1's a perfect Seprember night for baseball, We've reached the bottom
half of the eighth inning, and the Senators and Redbirds are tied up at three
runs apiece, The Senators are up to bat, and keep in mind that the winner
of the game tonight will move into first place in the Western Division. Punch
Grubb is pitching for the Redbirds and came into the game with a 2.45 earned
run a‘lv'a*:mg;,& and 19 wins on the vear.

MNow Juan Sanchez steps up to bat. This speedy lead-off man has a 240
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batting average and leads the team in sfolen bases. While he steps away 1o

check the grip on his bat, here’s some news from around the les
Cougars are leading the Robins i‘w two i Ew bottom of the sixth. M w Grubb
takes the sign. Here’s the pitch, and a swing of the bat sends a line drive
mnto cmmzﬁeiaﬁi The leadoff man will hold up at first base with a single, and
now we can see that Dave Madden is warming up in the bullpen for the
Redbirds. This kid from the Bronx has been unbelievable this vear with 34
saves and a 1.95 earned run average.

Chip Craik is the next batter of the inning. This veteran is a scrappy clutch
hitter with a . 285 batting average, and he leads the team in walks. Now Grubb
takes the sign and is getting ready to deliver—and around the infield, the
third baseman creeps in foward home plate, and the shortstop shifts over to
cover second base. Here comes the piteh, and there goes a bunt down the
Sirst baseline. Grubb charges in and fields the ball, and his only option is to
put the batier out at first base. Well, the 700 little leaguers in the crowd
tonight just saw a rextbook bunt, and the runner advances to the pext base
with no problem. Sorne people say that bunfing is a lost art, but that was
a good one. He just squared around and steered the ball right down the
baseline.

We're back to the action m i arry Jacoby comes to bat. He has a 300
batting ave , with a 70O RBls on the year. Not bad for a rookie. The
shortstop moves into position 101 a pickoft, and the outfielders swing around
to the left. Here comes the pitch, and a hard groundball is hit to the lef! side
of the infield. The shortstop dives and stops this one from going into the
outfield, and great defense like this is one reason why the Redbirds have
played so well in the second half of the season. The batter reaches first base,
but the runner can’t advance. In fact, the Redbirds have won 74 out of their
last 20 games, On the other hand, the Senators came into the game tonight
with five straight losses.

The big Kurt Snow is the next batter of the inning. He 1s a power hitter
with a whopping 32 home runs on the year and a 330 batting average. The
catcher steps out to the mound for o strategy conference with Grubb, and
one thing that Grubb has to be careful about is to not let his pitches drop
low and inside. Grubb is ready again, and here comes the pitch. A long fly
hall s hit to deep centerfield, and there was the pitch he didn’t want to throw.
The centerfielder makes a nice catch all the way back at the warning track
for the out, but the runners each advance to the next base. Here comes man-
ager Jackie Williams, and he does not look happy. Sure enough, he’s decided
tar bring in his young relief pitcher. While Madden takes his warm-up pitches,
we'll break for a word from our sponsor.

Passage B

Good afternoon baseball fans. You're tuned into WBLG, the big-league
radio network. If vou just joined us, it’s the bottom of the 7 inning, and the
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Hurricanes are trailing the Bluebirds 2-1. Thunderstorms are in the forecast,
which 18 what vou'd expect for the month of July around here: it's hot all
day and then thunderheads build up later in the afternoon. The Hurvicanes
are up to bat, and Skip Lawson is pitching for the Bluebirds this afternoon.
He gave up a Aome run i the fourth inning but has been unstoppable ever
since with 7 strikeouts.

Mow Ray Nickerson steps up to bat. He's a left-hander pull hitter with a
325 batting average and 15 home runs on tim year. The ;:gﬂh tfielder moves
back towards the warning track, and the ‘»lmmm{) swings around to the right.

One of the keys to the Bluebirds” success in the first balf of the season is
solid play in the outfield. The Bluebirds™ putfieldery have only four errors
on the year-—and that’s put together. Lawson is ready now. Here comes a
fastball, and a swing of the bat sends a looper into shallow lefifield. The
batter will hold up on first base with a single, and that was only the third
hit that Lawson has allowed all afternoon, This 35-yvear-old left-hander made
a trip back o the minor leagues Iwo years ago, but has come back strong
with a respectable 3.00 earned run average.

Gabriel Garcia, the number seven hitter in the lineup, 18 next to bat. He
was out earlier this vear with a pulled hamstring, but has played solid base-
ball since with a 295 batting average. If vou just tuned in, keep in minc
that the winner here moves into first place in the Bastern Division behind
the Bombers. Now Lawson «:;if:lm:” -and there goes the runner, and a
groundball 1s hit into rightfield. That was perfect execution. The batter holds
up at first base with a single, and here comes the throw to third base, The
runner slides in headfirst—and he's safe. Well here's an impressive fact: if
the offensive team Hurricanes make the playoffs this year, they'll hold the
record for the most consecutive vears in the playoffs.

Sam Philipe is the next batter of the inning. This kid has struggled all
season Jong with & .200 batting average and no hits fi

or his last /5 times at
bat. Now he g”ammf% over at Buddy Brockman, the third base coach. Brock-
man had some health problems back in "95, but he savs he's never felt better,
Here's the pitch from Lawson, and a weak pop-up is hit over to shallow
rightfield. The first baseman backs up and makes the catch for the out, and
the runners cannot advance, Well, ,E 5 just in the offictal attendance for
today’s game 1s just under 30,000, and 5,000 of the fans today are summer
school kids from around the metro.

Now Gerald Washington steps up to bat. Teday he’s pinch hitting for the
pitcher, and this guy has come through in the clutch several times with fwo
pinch-hit home runs and a 270 batting average. As the catcher steps out to
the mound for a chat with Lawson, here are some more scores: the Bulls
trail the Knights 2-3 in the fourth mning, and the Wranglers pummeled the
Generals 51, It looks like Lawson is ready again, Now the pitch, and a
long fly ball is hit to deep centerfield. Well that was a mistake by Lawson,
The high fastball was his best bet, but he let the pitch drop low and inside.
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The centerfielder makes a nice catch for the out all the way back at the
warning track, and here comes the rain. One runner scores and the other
advances to the next base. Umbrellas are going up but it looks like quire a
Jew of the fans might get rained on. The umpires are signaling that the game
1s being suspended, and we’ll break for station identification.

Passage C

Hello again baseball fans, You're tuned into WBLG, the big-league radio
network, and it's the bottom-half of the Jsr inning. The Generals are up to
bat, and if you just joined us, the Clippers jumped out to a 2-to-nothing lead
n the top-half of the Ist inning. Remember that the winner of this game
will take sole possession of second place in the Northern Division. Martin
Shiwinski is pitching for the Clippers this afternoon, and he comes into to-
day’s game with two wing and two losses on the season and a 4.50 earned
run average.

Now Tom Wilcox steps up to bat. This veferan lead-off hitter has a 278
batting average, and once again he leads the league in stolen bases. Here
comes the pitch from Shwinski, and a Blooper is hit into ] Id. Well Shi-
winski threw a perfect pitch-—a fastball high and inside-—but sometimes
the best pitch in the world 1sn't enough against a good batter. The ball is
returned into the infield, and the batter stops at first base with a single. The
fans are still powring into this stadivm, and it looks like we have an exciting
game in store. Although i’s still early in the season, both of these teams
would like w ger into position 1o make the plavoffs.

Tony Zonderman is the next batter of the inning. He has a 225 batting
average, and comes into the game with no hits for his last 15 tirpes at bat. You
can bet that he would like to break out of this slump today, Now Sliwinski is
ready, and he glances over at the runner. Here comes the pitch, and a swing
of the bat sends a line-drive w0 the gap in lefl-centerfield, The lefthielder

harges over to field the ball, and here comes the throw from the outheld.
The runner slides i under the tag at home plate, and he scores. That throw
was just a fraction too late, and the batter holds up at second base with a
double. Now the 18,000 fans are on their feet, and what a beautiful day in
the month of May for baseball. There’s not a cloud in the sky, and the temper-
ature is hovering around 75 degrees.

Now the yvoung Keith Stanovich steps to bat. This kid from Oklahoma
has demonstrated good power this year with a batting average of .305 and
already 10 home runs, Sliwinski is ready again. Here’s the pitch, and a hard
groundbaldl is hit to the left side of the infield. The shortstop fields the ball
and makes the throw over to first base to put the batter out, and the runner
does not advance, While we have a second, here’s some news from around
the league: the Bearcats are leading the Blizzards 2-nothing in the bottom
of the second inning, and the Dukes are trailing the Senunoles 41 early i
the third.

St
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Back to the action as Angel Cabrera steps up to bat. This big right-hander
hwiwmammembeih&ymwlhﬁma,aﬁﬁb»nwuwwar,Mihmdﬁmﬂ
team in ABJs. The m%uhm steps out to the pitcher’s mound for a chat with
Sliwinski, and what he’s telling Shwinski is to keep his pitches away from
the outside part of the pfun’ The outfielders shift back and around to the
left, anﬁthgwhanwﬁpzmmwsfnﬂ»pwuﬂﬁn{ﬂ}a;ycﬁxﬂf Now Shiwinski is
ready. Here comes the pitch, and there goes a hit over the shortstop’s head
and into centerfield. Well that was obviously not what Shwinski wanted to
do. The runner gets the signal to try for the score. Here comes the throw to
home plate from the outfield, and he's safe. The batter holds up at second
base with a standup double, and now the pitching coach is heading out to
the mound for a char with ﬁfz;a':fzw We'll take a short pause for station
identification here on WBLG, the big-league radio network.
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