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At the core of engaging students in mathematics is having them use their mathematical
knowledge to solve personally relevant and authentic problems. We have created
entrepreneurial-based design challenges (Authors, 2019) that engage students in rich
mathematics. In this paper, we report on 30 students participating in one such challenge.
Students were tasked with designing a business that helps users change unwanted behaviors or
develop new healthy habits through tracking and visualizing their progress. We present results to
show how the challenge provided opportunities for student autonomy in their solutions and in the
mathematics they utilized.
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Today’s K-12 students will be asked to tackle unprecedented environmental, economic, and
social challenges (OECD, 2018). They will need to be able to work collaboratively and across
disciplines to invent innovative, actionable, and empathetic solutions to messy problems that lack
a clear solution path. “Education needs to aim to do more than prepare young people for the
world of work; it needs to equip students with the skills they need to become active, responsible
and engaged citizens” (OECD, 2018, p. 5). Novel curricular approaches are needed that allow
students the autonomy to identify meaningful problems and innovative solution paths, establish
connections between in-school learning and students’ out-of-school experiences, and engage
students in learning and applying targeted disciplinary content knowledge.

Researchers in STEM education have recently begun exploring strategies for leveraging
entrepreneurship to connect students’ out-of-school knowledge, experiences, and interests to in-
school STEM learning (e.g., Authors, 2019; Moore et al., 2017). Given its popular appeal (e.g.,
the TV show SharkTank) and its emphasis on building actionable solutions to real-world
problems, entrepreneurship has the potential to support engagement and learning in a STEM
setting. The BLINDED project (Authors, 2019) is a novel curricular framework that situates
mathematics learning within entrepreneurial pitch competitions. In this paper, we report on a
group of 30 students’ solutions to the BLINDED TASK, one of 18 BLINDED challenges.

Literature Review
Strategies that support student engagement include: creating a supportive, collaborative, and
cognitively demanding learning environment (Lamborn et al., 1992), making content and
learning activities authentic (Blumenfeld, et al., 2006), and empowering students to exercise
autonomy and authority in relation to the curricular content (Helme & Clarke, 2001; Marks,
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2000). Deci and Ryan (1987) refer to autonomy as “supporting choice” (p. 1024) or
“encouraging them to make their own choices” (p. 1025). Providing students opportunities for
autonomy is important in a mathematics classroom, where students often perceive the subject as
disconnected from their cultures, lived experiences, and future aspirations (Boaler, 2002;
Gutstein, 2003). Authentic tasks can establish a purpose for learning (Blumenfeld, et al., 2006)
and can help students connect the content they are learning in school to situations they find
important, relevant, and worth pursuing (Reschley & Christenson, 2012). Authentic activities can
also empower students to incorporate their unique out-of-school identities in mathematics
(Attard, 2012; Bobis et al., 2011; Helme & Clarke, 2001; Marks, 2000; Yair, 2000), which
further builds their autonomy, promotes self-monitoring and persistence (Helme & Clarke, 2001;
Leon et al., 2015), and supports students’ “sense of control and self-worth” (Bobis et al., 2011, p.
37). Thus, a learning opportunity that leverages authentic contexts and promotes autonomy could
support improvements in students' confidence and growth mindset in mathematics.
The Project Framework and Challenge

Combining features of project-based learning (Krajcik & Blumenfeld, 2006), design-based
learning (Kolodner, 2002), and entrepreneurial-based learning (Yuste et al., 2014), the
BLINDED project framework (Authors, 2019) was developed to leverage authentic
entrepreneurial practices and open-ended design challenges to motivate the learning of specific
mathematics content. Students work collaboratively to: 1) define the problem and research the
context (Krajcik & Blumenfeld, 2006; Rivet & Krajcik, 2004); 2) build, test, and refine prototype
solutions (Fortus et al., 2004; Razzouk & Schute, 2012); 3) demonstrate the actionability of their
solutions (Lackeus, 2015; Kolodner, 2002); and 4) deliver 5-minute pitches to panels of judges
(Passaro et al., 2017; Krajcik & Blumenfeld, 2006). In the BLINDED TASK challenge, students
are tasked with inventing a business that helps users (individuals or companies) set and achieve
goals through tracking and visualizing their progress. Students had to build, evaluate, and
interpret functions that map changes in performance onto changes in a visualization. BLINDED
TASK uses design criteria to connect students’ real-world solutions to math-specific school
learning and establish an immediate purpose for building functions. These criteria include:
identifying relevant behaviors or habits to address, inventing visualizations to monitor progress
towards the goal, and building functions that translate progress in the target behavior to changes
in the visualization. These criteria were created to engage students in functional reasoning
through the defining, testing, and refining of generalizable relationships between two co-varying
quantities (Warren et al., 2006), namely student- defined measures of the target behavior and
changes in the student-invented visualization.

Methods

A mixed-methods research convergent parallel design (Creswell & Plano Clark, 2017) was
used to explore the students’ experiences with the BLINDED TASK implementation on student
autonomy and functional reasoning. Quantitative and qualitative data were collected
concurrently throughout the project, analyzed separately, and then merged together to answer the
following research questions: (1) How does the autonomy afforded by the D&P framework
manifest in students’solutions?, (2) How do students demonstrate functional reasoning while
participating in the BLINDED TASK challenge?, and (3) How does participating in the
BLINDED TASK challenge affect students’ confidence and growth mindset in math?
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Sample and Procedure

The BLINDED TASK challenge was implemented across eight days in a Math 1 class with
30 7+ and 8»grade students in an urban setting. The school is 100% male, 28% low-income, and
75% minority. Students participated in the challenge in teams of three or four. In launching the
challenge, the teacher focused students on the United Nations Sustainable Development Goals,
allowing students the autonomy to identify goals that they found relevant.

Data Collection

To allow for a complete picture of students’ experiences, we collected data from a variety of
sources (Cohen et al., 2011), including daily written work samples and Pitch Decks (pitch
presentation slides, animations, and handwritten prototypes). Students took a pre- and post-
survey with items measuring their growth mindset and confidence in math using a 6-point Likert-
scale. There were three growth mindset questions from Code et al. (2016), who adapted them
from a measure on general intelligence mindset (Dweck, 2008). The survey also had one item on
confidence, which was adapted from self-efficacy items in Usher (2007).
Data Analysis

Qualitatively this research draws on student artifacts, specifically their daily work samples
and Pitch Decks. We analyzed the documents to describe the products each team designed and
the mathematics in which they engaged. We coded student products into broad categories for the
type of context they selected for their business. We collected exemplar quotes and pictures from
their prototypes to highlight the functional relationships in their solutions.

Quantitatively the survey data were analyzed using paired-sample #-tests to determine if there
were significant differences in students’ growth mindset or confidence after engaging in the
BLINDED TASK.

Results
Autonomy in Context

During the BLINDED TASK challenge, students drew on their interests and their experiences
with a number of social justice initiatives. Across the ten groups they selected the following
contexts: mental health (n=4), school improvement (n=2), food waste (n=1), social media
addiction (n=1), school violence (n=1), and health (n=1). The context for three student groups
will be highlighted, followed by the functional reasoning for each group.

The Against Waste team created a solution “to reduce food waste in schools and to make
people more aware about conserving and recycling food,” after seeing the amount of daily trash
in their school cafeteria. They used a visualization of a trash can to help schools reduce their
food waste in the cafeteria. The Discover You team created a mental health app, because of the
rising numbers they noticed in teen depression. The third team, PoGo, focused on school
improvement, creating an app that, in their words, “...allows Teachers and Principals to track the
percentage of all students in a school who are at an Economic Disadvantage (E.D.)” compared to
overall performance. Their hope was that “schools will be able to see that the percentage of E.D.
students at their school are struggling and make sure that students are receiving all the things
they may need (such as breakfast/lunch, proper transportation, proper school materials).”
Functional Reasoning

51



Students utilized a variety of strategies for building functions to allow users of their product
to visualize data. Below we briefly describe the products designed by the three teams and the
mathematics they utilized in their solution, including their functional relationship, input
variables, output variables, and rule for connecting their function to a visual representation of
their solution. The Against Waste group created a functional relationship for food waste and
trash can visualization. They used the number of bags of trash for their input and the color and
appearance of a trash can via an animation for their output variable. They were able to
operationalize their input variables, based on observing data from their school cafeteria. Though
they did not describe an explicit rule they had all the pieces, and the context was meaningful to
them. They stated, “If you are wasting too much, the visual is heaping out foods and trash, and
when you reach your goal, there will be a reward animation.” Discover You created a functional
relationship for depression based on sleep, feeling of worth, and school stress. Their input
variables were a measure of worth, happiness, and stress on a scale from 1-10 and number of
hours of sleep. These measures come from polling their users in their app. Their output variable

was a horizontal progress bar. The rule they created for depression was: [(School Stress)X -1

+Worth+Happiness+Hours of sleep]X 10/3. Their equation accounted for the input variables
they identified as important factors in depression and multiplying school stress by negative one
shows the students knew they had to invert the scale for stress because it is a negative factor of
depression. They created a Scratch prototype for their visual, which showed a depression score
as the voltage in a battery. The PoGo team built a functional relationship for the academic
achievement for students with Economic Disadvantage. based on input variables from state level
School Report Card data. Their output variable was a wheel and thumb and the rule they created
was based on regression analysis and the Scratch coding of a visual thumbs up and down based
on residual values. In their words,
Our app uses State School Report Card for middle schools in County to gather our data onto
a graph, then it transfers that information on a graph to a wheel that is color-coded based on
the subject and then has a thumbs-up emoji that changes color and rotates based on how
much above, at, or below the line of regression they are at.
This group used advanced functional reasoning to create their regression analysis and turn it into
a convincing visual for their users.
Confidence and Growth Mindset
There were significant increases on students’ self reports from pre to post in growth mindset
(pre=3.20, post4.29, t=-5.17, p<0.001), and non-significant increases in confidence (pre=4.33,
post4.67, t=-1.62, p=0.058). This suggests after engaging in the BLINDED TASK challenge
students had a stronger disposition towards a growth mindset.

Conclusion
By providing students with an open-ended task, they had the autonomy to create their
product and create their own functions. Across the ten teams, students opted to tackle specific
environmental, economic, and social challenges (OECD, 2018) that were both authentic and
personally meaningful. The BLINDED framework afforded students the autonomy to identify
personally meaningful problems and explore unique solution paths, while also bounding the
mathematics content with which they engaged. By equipping students with this autonomy, the
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framework created opportunities for students to see their place in the math classroom, which
improved their confidence and willingness to persist when encountering difficult problems. By
allowing students the autonomy to identify personally meaningful contexts, the challenge opened
the space for them to actively engage in functional reasoning. Students drew on their experiences
with their chosen contexts to identify, operationalize, and define relationships between authentic
input variables and their corresponding output variables, namely visualizations that allow users
to track progress towards a goal. Findings from this study demonstrate how providing students
with the autonomy to create a solution to an authentic problem gave them confidence in their
mathematical ideas and generated powerful solutions to emerging issues facing young adults.
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