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Computational thinking (CT) practices, such as pattern recognition and problem decomposition, are * bHteachers s _— il
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embedded in virtually every STEM discipline, and CT is outlined as a central practice of science and / classes in 5 high schools in
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engineering in the Framework for K-12 Science Education (National Research Council, 2012). Northeastern USA

However, most existing K-12 CT education efforts focus on programming or computer science ~325 students (172 consented)

courses (Hsu et al., 2018), which are only taken by a fraction of students (Computer Science Grades 9-12

Teachers Association, 2019). Therefore, there is a critical need to integrate CT into other STEM Approximately one month of S Students designed computer programs using

disciplines to broaden access, and so that students can engage with the inter-disciplinary nature of implementation per class Students used a prefabricated EMG- Da.taFlovv, tadnodle—bacsjebd i)rr]ogcr:ammlnj
controlled gripper throughout the unit. environment developed by the Loncor

CT. The current project aims to incorporate CT within two STEM disciplines: engineering and biology. (image credit: Backyard Brains) Consortium (Bondaryk et al. 2021).

THE CURRICULUM: NEURAL ENGINEERING STUDENTS: QUANTITATIVE RESULTS STUDENTS: NEXT STEPS

Students were introduced to Tilly, a teenager who has received bionic arms after an amputation. Post: mean (SD)
)

Overall 4.98 (0. 78 5.05(0.91)
5.04 (1.03) * Curriculum analysis: was decomposition

 What led to the quantitative findings?
Throughout the unit, students collected their own nervous system data (e.g., reaction time) and were
Abstraction 4.95 (0.89

Decomposition 4.59(1.04 4.77* (1.07) foregrounded more than expected, or other

)
)
Nervous system: (Tsai, et al., 2021) Algorithmic thinking 5.15(0.89) 5.14 (1.01)
)
)

(
O nerves and mUSCleS Work’? Evaluation 502 ( 7 5.11 (1 02)
oes touch impact movement? Generalization 5.04 (0.87 5.11 (0.96)

o we perceive touch? Additional item: “I can use flowcharts to solve a problem” RSO0 4.50%* (1.33) did students interpret or engage with the

Neurosclence Engineering Design Survey (EDS) (Carberry, et al., 2010) 4.53 (0.98) 4.82** (1.15) activities?
S-STEM (Unfried et al., 2015) 3.66 (0.82) 3.74 (0.89)

Note. *p<0.05, **p<0.01; of the areas in the CTS, abstraction, decomposition, and algorithmic
thinking were foregrounded in the curriculum, whereas evaluation and generalization were not.

supported towards developing a basic prototype of a bionic arm. Computational
Thinking Scale (CTS)

areas backgrounded?

Qualitative analysis of student artifacts: how

Computational TEACHERS: PRELIMINARY QUALITATIVE RESULTS TEACHERS: NEXT STEPS

: : e Exploredteachers’ feedback from pre-implementation PD and post-intervention interviews
thlnklng P P P P « What supports do biology or general science

* TJeachers were excited by and interested in the unit, but felt that they needed more support , ,
teachers need to effectively implement the

't was really awesome. | was glad that | could neural engineering unit?
present something thatis new ... that my .
students were able to do a true STEM activity

: . content and pedagogical knowledge around
Abstracting and decomposing ideas, of the arm that was created for people to use. | as a teacher, know that | need to take a

engaging in algorithmic thinking course in coding ... | needed my hand held a CT and engineering practices

_ * Developing flowcharts of mechanisms | | little bit more so that | could make sure |
. « Developing & using dataflow programs The conversations and the ideas that they understood everything, so that | could

« Working with simulated data at varying were sharing ... | thought that was really mpart it to the students. | wasn't too ConfidehF gbout In how to do [some
levels of abstraction good. And | really liked that engagement of the Dataflow activities] and what to put for a

Understanding engineering problems, ) O e piece and that thinking piece of it. different thing. So, when the students were
developing and testing solutions: = struggling, | feel like | wasn't confident enough in

« How might a bionic arm work? il = | | e | feel like | was doing a lot of work to some of that and how that worked with the, okay,
e Can robots sense objects? b | was excited to do something that | didn't know how ‘which block do | put in here?’

. How can you control a robotic gripper? 1 to do ... it's like this is an opportunity for me to like like ur}derstand every lesson bef.or.e |
+ Managing the complexity of real data stretch myself and like learn new aspects of it. gave it so that | could tully explain it.

Teacher follow-up interviews focusing on
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