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ARTICLE INFO ABSTRACT
Article history: We introduce and describe the Reference Ability Neural Network Study and provide initial feasibility data. Based
Accepted 13 September 2014 on analyses of large test batteries administered to individuals ranging from young to old, four latent variables, or

Available online 20 September 2014 reference abilities (RAs) that capture the majority of the variance in age-related cognitive change have been

- identified: episodic memory, fluid reasoning, perceptual speed, and vocabulary. We aim to determine whether
lc(zévr:iiir\(/i:aging spatial fMRI networks can be derived that are uniquely associated with the performance of each reference ability.
MRI We plan to image 375 healthy adults (50 per decade from age 20 to 50; 75 per decade from age 50 to 80) while
performing a set of 12 cognitive tasks. Data on 174 participants are reported here. Three tasks were grouped a
priori into each of the four reference ability domains.

We first assessed to what extent both cognitive task scores and activation patterns readily show convergent and
discriminant validity, i.e. increased similarity between tasks within the same domain and decreased similarity be-
tween tasks between domains, respectively. Block-based time-series analysis of each individual task was con-
ducted for each participant via general linear modeling. We partialled activation common to all tasks out of the
imaging data. For both test scores and activation topographies, we then calculated correlations for each of 66 pos-
sible pairings of tasks, and compared the magnitude of correlation of tasks within reference ability domains to
that of tasks between domains. For the behavioral data, globally there were significantly stronger inter-task cor-
relations within than between domains. When examining individual abilities, 3 of the domains also met these
criteria but memory reached only borderline significance. Overall there was greater topographic similarity within
reference abilities than between them (p < 0.0001), but when examined individually, statistical significance was
reached only for episodic memory and perceptual speed.

We then turned to a multivariate technique, linear indicator regression analysis, to derive four unique linear com-
binations of Principal Components (PC) of imaging data that were associated with each RA. We investigated the
ability of the identified PCs to predict the reference domain associated with the activation of individual subjects
for individual tasks. Median accuracy rates for associating component task activation with a particular reference
ability were quite good: memory: 82%; reasoning: 8%; speed: 84%; vocabulary: 77%.

These results demonstrate that even using basic GLM analysis, the topography of activation of tasks within a do-
main is more similar than tasks between domains. The follow-up regression analyses suggest that all tasks with
each RA rely on a common network, unique to that RA. Our ultimate goal is to better characterize these RA neural
networks and then study how their expression changes across the age span. Our hope is that by focusing on these
networks associated with key features of cognitive aging, as opposed to task-related activation associated with
individual tasks, we will be able to advance our knowledge regarding the key brain changes that underlie cogni-

Convergent/discriminant validity

tive aging.
© 2014 Elsevier Inc. All rights reserved.
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typically evaluate age differences in neural activation associated with the
performance of a selected task that purportedly taps that domain. In
contrast, cognitive psychologists have repeatedly demonstrated the
advantages of parsimoniously representing batteries of diverse cognitive
tests by sets of latent variables that each summarize performance across
multiple tests. For example, based on analyses of large test batteries
administered to individuals ranging from young to old, Salthouse and
colleagues have consistently identified latent variables, or reference abil-
ities (RAs) that capture the majority of the variance in age-related cogni-
tive change across four domains: episodic memory, fluid reasoning,
perceptual speed, and vocabulary (Salthouse, 2005, 2009; Salthouse
et al., 2008). Based on these findings, Salthouse et al. have argued that
a productive and efficient approach to cognitive aging research is to try
to understand how aging impacts performance of this small set of RAs,
rather than on specific tasks (Salthouse and Ferrer-Caja, 2003). Similarly,
we suggest that a more productive approach to cognitive neuroimaging
research in aging is to shift the emphasis from evaluating age-related
differences in brain activation during performance on an individual
task to studying a set of task-independent neural networks postulated
to underlie the reference abilities for the four cognitive domains. This
would allow us to more reliably explore the neural basis of aging's
influence on key cognitive abilities.

In this report we introduce the Reference Ability Neural Network
(RANN) Study. The RANN Study is designed to identify networks of
brain activity uniquely associated with performance across adulthood
of each of the four reference abilities described above. Using analytic
approaches that parallel those used to derive latent variables from
cognitive, psychometric data, we aim to determine whether spatial
fMRI networks can be derived that serve as the neural substrate for
the latent cognitive structure of the reference abilities as derived from
behavioral data. The desired structure of relationships between
reference abilities and their neural substrates is shown in Fig. 1.

Just as a reference ability can be considered to represent the
common cognitive ability underlying disparate tasks, “reference ability
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neural networks” (RANNs) are hypothesized to represent the common
neural network that underlies the performance of each of the RAs. As
in the analysis of the psychometric data, we expect the RANNs to
demonstrate both convergent validity (for tasks within each cognitive
domain) as well as discriminant validity (i.e. limited expression during
performance of tasks in other cognitive domains). Ideally these RANNs
would consist of a unique network of brain areas that are activated for
each RA. Further, it would be compelling if the degree of expression or
activation of a RANN was correlated with performance on the constitu-
ent tasks in that RA. Successful identification of these RANNs has the
potential of contributing to a paradigm shift in research on the neural
bases of age differences in cognition by emphasizing the broad and
replicable aspects common to several tasks rather than the possibly
idiosyncratic features of individual tasks.

The RAs that we are studying were identified in studies of several
thousand individuals across the adult lifespan who have been adminis-
tered extensive batteries of cognitive tasks (Salthouse, 2009). They have
been modeled as latent constructs defined in terms of the common
variance in four different sets of cognitive tasks representing: 1) episod-
ic memory, 2) fluid reasoning, 3) perceptual speed, and 4) vocabulary.
Although performance on the tasks that make up these RAs, and thus
the levels of the abilities, differ across age, the latent constructs have
been found to remain invariant across the adult lifespan. Further,
although the modeled RAs are derived from performance of a limited
set of tasks, these latent constructs have been found to account for the
age-related performance differences on numerous other cognitive
tasks (Salthouse, 2009; Salthouse and Davis, 2006; Salthouse et al.,
2008). In the RANN study, we selected 12 tasks, three from each
domain, that have reliably been associated with that RA. In turn, we
hope to identify four RANNs, one for each cognitive ability. Once the
RANNSs are identified, we can investigate whether they too remain
invariant over age despite different levels of performance. We can
then explore the common and unique effects associated with
chronological age on each of the RANNs. We also intend to examine
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Fig. 1. Schematic sketch of brain-behavioral framework for the Reference Ability Neural Networks study: quantities given in rectangular or trapezoidal shapes are recorded in the study,
while round shapes indicate both reference abilities and reference ability neural networks. The figure illustrates that not only are meaningful latent constructs expected on the basis of
common patterns of fMRI activation across tasks representing the cognitive ability, but that those constructs are hypothesized to be related to the corresponding constructs defined on
the basis of the correlations among behavioral performance in those same tasks. The upper boxes indicate that we expect that the effect of age on cognitive performance might be mediated
by specific measures of brain aging. Further, brain changes may influence expression of the reference ability neural networks, yielding observed age-related cognitive changes.
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