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Developing a growth mindset has been identified as a key strategy for increasing youth achievement,

motivation, and resiliency (Rattan et al. 2015). At its core, growth mindset describes the idea that one’s

abilities can change through using new learning strategies and receiving appropriate mentoring

(Dweck 2008). In contrast, a fixed mindset relates to the idea that ability is inherent and cannot be

changed. We have taken up the concept of growth mindset and developed it specifically for the

context of STEAM (science, technology, engineering, art, and math), a growing area of focus in both
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We used iterative cycles of design and redesign for the academies over several years (Barab and

Squire 2004) to establish an academy that included a number of “design challenges” that embodied

these principles. Among other activities, girls

1. developed stop-motion animations that explained the biological function of color;

2. used chemistry to create a palette of colors with red cabbage extract, a chemical indicator of pH,

then created paintings with that palette (Teal-Sullivan et al. 2017); and

3. designed and sewed costumes that represented a real or fictional animal that had features derived

from their explorations of optical science and biology.

The academy also had girls engage in close observation and drawing of real objects (e.g., butterflies,

birds, feathers, shells) at multiple scales, focusing on the process of drawing rather than the end

product. Although our design challenges focus specifically on the intersections of visual art, chemistry,

optics, and biology, the STEAM mindset principles described here can be easily used within any

STEAM area and with all learners, regardless of gender.

A girl works on her animation design challenge

Focusing on activities with multiple possible outcomes

Promoting enthusiasm and playfulness

Building opportunities for youth to communicate about their work
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This gave learners the chance to express biology and optics concepts in personally relevant

ways

These activities embedded the key commitments highlighted above in several ways:

Activities typically incorporated open-ended exploration, leveraging girls’ emerging questions and

directions as they experimented with available materials. In this way, multiple outcomes were

supported, rather than asking learners to search for the single “correct” answer to a problem.



Iterating tasks and debriefing around design choices helped learners focus on the process of

making, rather than on the product itself. To support learners in valuing mistakes as opportunities,

the academy oered explicit discussion of famous innovations that resulted from “mistakes.”

Iteration, a focus on process, and inclusion of activities with multiple outcomes also supported

valuing mistakes as opportunities for discovery.



Privileging creativity rather than rote practice was encouraged by oering design opportunities that
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were flexible and personally meaningful, rather than having girls create “cookie-cutter” artwork with

a specific outcome.

In terms of communication, all of the activities were characterized by opportunities for girls to share

their work with others, again with a focus on the processes they used and the learning that this

aorded. The academy culminated with an opportunity to position the girls as knowledgeable

experts in their own science and art by having them present their final projects to their families, as

well as practicing disciplinary professionals, during a public poster session.


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