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Abstract
Since 2003, students taking Flow Visualization (MCEN 4151) have
reported noticing fluid dynamics phenomena outside of the
assigned coursework. This expansion of perception is often
accompanied by a positive shift in affect, that is, students are more
likely to view fluid dynamics as important to their work as engineers.
In contrast, students taking Fluid Mechanics (MCEN 3021) typically
experience a negative shift in affect (Hertzberg, Leppek, & Gray,
2012). How can we encourage the expansion of perception and
positive shift in affect, which seem important for students learning
to use their skills outside of academia?

Cirrus Clouds with Kelvin-Helmholtz waves. 
Image by engineering student Kerylyn Lay for the Flow Vis course, 2013.

Definitions
Flow Visualization: the process of making the physics of fluid flows (gases,
liquids) visible.

Expansion of Perception: seeing everyday objects, events, or issues through
the lens of the content (Pugh, 2011).

Examples
Here we see students’ photographs of fluid flows that they created (left) or
perceived (right). Both types of assignments may lead to students expanding
their perception of fluid dynamics outside of coursework.
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Course Design for Flow Visualization
• Students produce aesthetically pleasing and scientifically useful

images of fluid flows
• Engineering and Film/Arts students work together
• Each student produces his or her own images
• Teammates provide expertise from their respective disciplines to

assist each other
• Students present images to class for feedback from instructor

and fellow students
• After feedback, students write summary of how image was

created and what physics is involved in the fluid flow
Which of these elements helps create expansion of perception?
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Food coloring in milk illustrates laminar mixing by vortexes and stretching.
Image by engineering students Dillon Thorse, Alex Meyer and Jeff Pilkington for 
the Flow Vis course, 2013.

Investigating Flow Vis

What do we mean by 
Perceptual Expertise?
Can we measure it?

Collaborating with psychologists, we have
designed a perception test to measure
subjects’ ability to sort images of fluid flow
into categories based upon abstract
concepts. Preliminary results suggest that
subjects can improve their expertise
through error-driven learning. We hope to
eventually measure students’ visual
expertise in fluids before and after taking
fluids courses.

What is happening in Flow Vis?

By looking at students’ work, conducting
an attitude survey, and interviewing a
sample of students at the beginning and
end of the semester, we hope to discover
which elements of the course are most
influential.

How does it compare?

We are also comparing these data with
survey and interview data from a required
course with similar content and with an
elective course with dissimilar content.

Can the results be replicated?

By employing certain teaching methods
from Flow Vis in other classes, can we
encourage expansion of perception in
other content areas?

A new elective, Aesthetics of Design, was
piloted May 2014. This course included the
emphasis on aesthetics and teammates-as-
resources elements from Flow Vis. Survey
and interview data from this course are
currently being analyzed.
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