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PRINCIPAL INVESTIGATOR: Timothy A. Saithouse 

PROGRESS REPORT 
Research conducted during the first 2.5 years of the previous grant has been described 

in 10 published or in-press articles, and in 4 manuscripts currently under editorial review (see 
list at the end of this section and copies of articles in the appendix). Twenty-six separate 
studies have been conducted, involving a total of 1,768 different adults participating for an 
average of 1.5 hours each. Because most of the studies fit within four broad categories, the 
major findings in each of these categories will be briefly summarized instead of attempting to 
describe all the results of every study. 

A category concerned exclusively with theoretical issues is represented by one article (5). 
The focus of this article was the development, and initial examination of the plausibility, of a 
formal model based on the assumption that age-related differences at elementary levels of 
processing could have important consequences in both quantitative and qualitative aspects of 
performance. Although I believe that the arguments in this article were reasonable, they were 
admittedly quite speculative. As a consequence, there is still a considerable gap between the 
hypothesized differences in elementary aspects of processing such as rate of propagating 
activation or the number of simultaneously active units, and observable aspects of cognitive 
behavior. One of the motivations for focusing on working memory as a primary explanatory 
construct in the current proposal is a belief that many cognitive phenomena may be easier to 
interpret in terms of an intermediate-level construct such as working memory. 

A second category of completed research consists of attempts to determine the 
interrelations among age, reasoning and spatial ability measures of cognition, and indices of 
processing-resource constructs such as rate of processing or capacity of working memory. 
Five articles (3,6,7,8,10) have employed correlational procedures in attempting to determine 
the extent to which the age differences in certain measures of cognitive functioning might be 
attenuated by statistical control (via partial correlation, hierarchical multiple regression, or path 
analysis procedures) of an index presumed to reflect either processing rate or capacity of 
working memory. The major finding in these studies, as summarized in a recent review article 
(8), was that statistical control of various univariate indices of processing speed or memory 
capacity reduced the correlations between age and performance, but it did not completely 
eliminate them. Estimates derived from path analysis procedures revealed that age differences 
in the hypothesized processing resources may be able to account for only between 1/4 to 1/3 
of the observed age differences in a variety of cognitive tasks. 

Although these results with statistical control procedures have been informative, most of the 
studies shared two major limitations. One is that the hypothesized resource constructs have 

single variables rather than with multiple indicators which would increase 
measurement reliability and maximize construct-relevant variance. The second limitation of 
most of the previous studies is that little attempt has been made to specify the mechanisms 
by which the hypothesized processing-rate or working-memory resources influence cognitive 
performance. Without more explicit information about how and why factors such as a slower 
rate of processing or a less efficiency working memory contribute to lower levels of cognitive 
functioning, it is difficult to know whether existing measures of the resource constructs, or of 
reasoning and spatial ability aspects of cognition, have been the most appropriate ones with 
which to evaluate the magnitude of possible relations between these entities. Both of these 
weaknesses are addressed in the studies planned in the current proposal by examining 
several measures of working memory, and attempting to be more precise about the 
mechanisms by which cognitive performance is dependent on working memory. 
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PRINCIPAL INVESTIGATOR: Timothy A. Salthouse 

Several studies completed in the previous funding period have included various assess-
ments of working memory, and thus together they can be considered to represent a working-
memory category of research. The same theoretical definition of working memory - storage 
of information during concurrent processing of the same or different information - was implicit 
in all of the studies, but two quite different methods of assessment were employed. 

In eight of the articles (1,3,4,6,9,10,12,14) the conventional practice was followed of 
attempting to measure working memory in tasks specifically designed for the purpose of 
evaluating memory, which I will term isolated or out-of-context assessment. Because of 
concerns that processing requirements were relatively uncontrolled in existing procedures for 
measuring this type of working memory, two new procedures were introduced to assess 
working memory with verbal/symbolic information and with visual/spatial information. These 
involved requiring the research participant to solve arithmetic problems while remembering 
some of the digits in those problems for the Computational Span task, and connecting lines 
while remembering the positions of other lines for the Line Span task. In both cases, a 
minimum level of processing is ensured by measuring storage capacity only when participants 
have been successful in performing the designated processing operations. The measures in 
each task have been found to be moderately reliable, and significant age differences favoring 
young adults have been reported with both the Computational Span Task (4,6,9,10) and the 
Line Span Task (12). In addition, we (14) have recently found that the correlation between the 
measures of verbal working memory and spatial working memory is significantly greater than 
that between primary memory measures involving the same information without the require-
ment of simultaneous processing. This finding serves to validate the concept of working 
memory as distinct from primary memory in that it seems to involve a common, or modality-
independent, central processor not essential for primary memory functioning. 

In five recent studies (9,10,11,12,13), age differences in working memory were assessed 
with measures derived during the performance of on-going cognitive tasks. These within-
context assessments were motivated by the view that it may be more fruitful to attempt to 
measure working memory by assessing characteristics of the storage of information while 
research participants are actually engaged in the processing required in specific cognitive 
tasks. Among the procedures employed for this type of within-context assessment were 
randomly interspersed probes of the accuracy of recognizing earlier presented information in 
a spatial integration task (9), and unobtrusive recording of the number of repetitive information 
requests in a successive version of a cube comparisons task (12). A particularly interesting 
finding from a recent study (13) was that the pattern of age differences was quite different 
whan rarnnnition memory of exactly the same information was assessed in the context of a 
spatial integration task, compared to its 'isolated' assessment as a conventional recognition 
memory task. Consistent with the interpretation that there are age differences in working 
memory, and that working memory involves storage during concurrent processing, young 
adults were found to be superior to older adults only with the within-context assessment of 
working memory. 

A number of the earlier studies have attempted to identify the processes used to perform 
specific tasks, and hence they can be grouped together as comprising an analytical category. 
Several different cognitive tasks have been investigated, ranging from series completion (4,7), 
geometric analogies (3,6,7), and verbal integration (10,11) reasoning tasks, to spatial 
integration (1,6,9,13), block design (2), cube comparisons (12), and paper folding (6,7,10) 
spatial tasks. The results from such a diverse collection of tasks are necessarily rather 
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complex, but several general patterns can be identified. 
One negative outcome is that although age differences in performance were found in most 

of the tasks, in none of the tasks was there any indication of age differences in performance 
strategies. This was evident in the similar profiles of subject-controlled processing durations 
across successive phases of the task in analogical reasoning (3), series completion reasoning 
(4), spatial integration (9), paper folding (10) and verbal integrative reasoning (10). Young and 
old adults also did not differ in the sequential pattern of information requests in a special 
version of a cube comparisons task (12). 

A second pattern apparent in many of the analytical studies was the age-complexity effect, 
or the tendency for the magnitude of the age differences to increase with the complexity of the 
task. Some of the complexity variations leading to greater performance differences between 
young and old adults were when decisions involved: more stimulus frames to be integrated 
(1,6,9), more elements per analogy term (3,6), more abstract relations among series elements 
(4), more paper-folding folds (6,10), and more premises in verbal integrative reasoning (10,11). 
No single cause was identified as being responsible for all of these age-complexity effects, but 
it was speculated that one contributing factor may have been lower-quality internal represent-
ations on the part of older adults, which in turn may have been attributable to limitations of 
working memory. Among the evidence consistent with this interpretation was the finding that 
the internal representations of older adults apparently incorporated less information than those 
of young adults about patterns on the hidden fices of blocks used in a block design task (2). 

Some of the most informative results concerning the role of working-memory factors in the 
age-complexity effect were obtained from a recently completed study which has not yet been 
published (10). Because several of the proposed studies will employ procedures and 
analytical approaches similar to those of this study, the procedures and major results of that 
study will be described in some detail. The study involved a total of 120 adults, 20 in each 
decade from the 20s through the 70s, who each participated in three different tasks. One task 
was the computational span task described earlier in which participants were asked to 
remember a series of digits while also solving arithmetic problems involving those digits. With 
the assessment procedures employed in this study, the computational span had respectable 
reliability (r = .78), and it was found to be negatively correlated with chronological age (i.e., 
r = -.46). 

The second task in the study was a verbal integrative reasoning task in which one to four 
premises describing a relation between two variables were presented, followed by a question 
concerning the status of one variable given a specified change in another variable. Decision 

examined as a function of the number of premises presented both when all of 
the premises were relevant to the decision, and when only one of the premises was relevant 
to the decision. Trials with a single relevant premise are all similar in that the same type of 
decision is required, involving a question about the status of one variable when the relation 
between that variable and the causal variable had been described in a single premise, and 
only the context in which the relevant information is presented changes. Because when only 
one of the premises is relevant to the decision the integration and decision processes can be 
assumed to remain constant regardless of the number of premises actually presented, any 
reduction in decision accuracy when additional premises are presented but only one premise 
is relevant can presumably be attributed to a loss of necessary information from some type 
of working memory. 

Average accuracy in the reasoning task was negatively related to age (r = -.53), as were 
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the slopes of the functions relating decision accuracy to number of presented premises for all 
trials (r = -.46), and for trials with only one relevant premise (r = -.42). The very similar age 
trends in the slopes from all trials and from one-relevant trials can be interpreted as indicating 
that most of the age-related increase in the effects of additional premises (i.e., the complexity 
effect) is attributable to age-related increases in the loss of relevant information from working 
memory. 

A spatial paper-folding task was the third task performed by participants in this study. 
Successive displays in the paper-folding task represented a square piece of paper folded from 
one to four times, the punching of a hole in the folded paper, and a pattern of circles 
indicating the locations of the punched holes in the unfolded paper. The research participant 
was asked to decide whether the pattern of holes in the final display was consistent with the 
pattern that would result from the earlier sequence of folds and punch location. 

Because the spatial paper-folding and verbal integrative reasoning tasks were designed to 
be structurally equivalent, direct analyses of the role of working memory in the paper-folding 
task were possible in a manner analogous to the reasoning task. That is, memory factors 
would be implicated if similar effects of the number of presented folds on decision accuracy 
were evident across all trials, and on trials when only one fold was relevant to the decision. 

The results from the paper-folding task were very similar to those from the reasoning task. 
That is, increased age was associated with lower levels of average accuracy in paper-folding 
decisions (r = -.53), and, just as with the reasoning task, the complexity effects for all trials 
and for one-relevant trials were both larger with increased age (i.e., the slopes relating decision 
accuracy to number of folds had age correlations of -.47 for all trials, and -.45 for one-relevant 
trials). The comparable age trends with all trials and with one-relevant trials suggests that, as 
with the reasoning task, much of the age-related increase in the effects of task complexity is 
apparently attributable to a loss of relevant information from working memory. 

One of the most interesting findings in this study was that the complexity slopes from the 
verbal integrative reasoning and the spatial paper-folding tasks were significantly correlated 
with one another, both for the values from all trials (r = .63), and for those from one-relevant 
trials (r = .45). These findings therefore suggest that a similar construct of working memory 
is involved in the reasoning and spatial tasks, and that increased age is associated with 
reduced levels of effectiveness in both measures of that construct. Somewhat surprising, 
however, was the finding that although both the within-context (i.e., one-relevant slopes) and 
the out-of-context (i.e., computational span) measures of working memory were lower with 
increased age, the correlations between the two types of measures were not significant. Both 
vi these sets of results will be pursued in the proposed studies because they have important 
implications for understanding the nature of the relations between age and working memory, 
and between working memory and cognitive performance. 
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