Cattell Fund Projects Explore Music, Mental Imagery, and
Visual Meaning

September 25, 2019

The 2019-2020 James McKeen Cattell Fund Fellowships have been awarded to APS Fellow Brad
Wyble, Andrea Halpern, and Clayton Curtis. Presented in partnership with APS, the fellowships
allow recipients to extend their sabbatical periods from one semester to afull year. During that time, the
researchers plan to pursue the research projects outlined below.

Brad Wyble

Pennsylvania State University

My lab explores how the human mind extracts meaningful events from a continuous stream of sensory
information. For example, we have devel oped models of target selection that explain how the attentional
blink (Raymond, Shapiro & Arnell 1992) could play arolein dividing a continuous stream of visual
input into a series of discrete episodes that encapsulate different stimuli or events (Wyble et al., 2011).

Recent innovations in computer vision have provided biologically inspired models called convolutional
neural networks (CNNs) that mimic some aspects of human visual function (Krizhevsky, Sutskever &
Hinton 2012). These models are mostly focused on single images, whereas biological visual systems
integrate information over time to provide a rich comprehension of events and interactions. The focus of
my sabbatical will be to develop new models of visual processing that extend CNNs to better understand
how the brain extracts meaningful information from video input.


https://www.psychologicalscience.org/observer/cattell-fund-projects-explore-music-mental-imagery-and-visual-meaning/attachment/october-observer-online-catellsabatical-wyble

Thisideaisinspired by the notion that attention is not just useful for in-the-moment perception, but also
helps us to learn more efficiently by selecting which information about the world becomes part of our
remembered experience. By providing a structured and sparse set of memories to guide learning,
attention may increase the rate at which our perceptual systems learn to make sense of the data from our
senses. Such theories can be tested with computational models that learn how to perceive such
regularities (e.g., CNNs). By imbuing such models with biologically and cognitively inspired attentional
systems, we can test how attention affects learning. My sabbatical will give me timeto learn the
application of such modelsto video data, and more importantly, how to incorporate analogs of human
attention into such models. | am indebted to the James McKeen Cattell Fund for allowing me to spend
an entire sabbatical year developing new directionsin my research program.
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Andrea Halpern

Bucknell University
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I’ ve always been interested in understanding how the mind and brain perceive and remember nonverbal
information, especially music. Most people respond to the structure and function of music, and
relationships between musical training and developmental tragjectories can be studied. A special interest
of mine is understanding auditory imagery as mode of music retrieval.

My sabbatical year will be divided between the University of Maryland and the University of Durham
(UK). With two collaborators in Maryland, | will combine machine-learning methods with EEG datato
understand how neural activity associated with hearing environmental sounds may predict the
environmental sound you are later imagining. Another project will follow up on prior work showing
musical conductors are better than pianists in monitoring two musical streams. We'll be adding a
language task to examine generalization to other auditory domains, and also EEG to see whether neural
responses to targets are stronger among the conductors. A third project will explore auditory mental
imagery in healthy older adults.

In Durham, | will be working in the Music Department on two music emotion projects. One will extend
my prior work showing that musicians display alarger EEG signal than nonmusicians when they hear
the first minor interval in amelody (which conveys negative affect). Will nonmusicians show this
response if the musical instrument is“happy” rather than “sad”? Which cue will “win” in conveying the
emotion of amelody when they are in conflict?

Another project deals with aesthetic reaction to music. A prior study showed that when asked to rate
music for pleasantness in real time, peopl€’ s ratings head unidirectionally toward the positive or
negative end of the scale. We are asking whether decision time will vary in older versus younger adults.
The former are typically slower, but they do have many decades of experience with knowing their own
taste.

Clayton Curtis
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New York University

For decades, scientists have argued about the importance and function of mental imagery (Pylyshyn,
2002; Kosslyn et a., 2006) and how the brain might support imagery. We now know that imagery
evokes complex patterns of neural activity in the early visual cortex (Klein et a., 2000) that resemble the
patterns of activity when one imagines or holds that image in working memory (Albers et al., 2013).
This suggests that the neural mechanisms that allow us to see things outside our body also allow usto
see imagined or recalled thingsin our mind. Moreover, there appear to be large individual differencesin
imagery ability, including so-called aphantasia, aloss of visual mental imagery (Zeman et a., 2010).
Nonetheless, the causes of this variation remain unknown.

With the support of the Cattell Fund Award, | will use recent computational neuroimaging developments
in my lab that allow us to map almost two dozen retinotopic areas in the occipital, parietal, and frontal
cortex (Mackey et al., 2017) and also model the contents of both perceived and imagined images
(Rahmati et a., 2018). The main ideaisthat variation in these topographic maps underlie the variation in
mental imagery ability. Leveraging these developments with collaborations across New Y ork
University’s Global Campuses, we will test a variety of hypotheses about the cognitive and neural
mechanisms that enhance and limit mental imagery. ce
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