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IMPLEMENTING PROJECT BASED 
LEARNING IN HIGH SCHOOL ALGEBRA 
UNDER THE SHADOW OF STANDARDIZED 
TESTING 
 
Cayden Kriya Shakti Betzig 
Urban Assembly Maker Academy 

 
Abstract Project-Based-Learning (PBL) is a pedagogical methodology driven by authentic, engaging, and 
complex real-world questions.  Practitioners sometimes experience obstacles when attempting to implement 
PBL while under pressure to prepare students for high stakes standardized tests.  PBL is most frequently used 
in the humanities and sciences, less often in mathematics which may be seen as too abstract for the 
methodology.  The research described in this paper set out to investigate both hurdles by exploring the 
question: How can project-based-learning prepare students to demonstrate mastery on a high-stakes 
standardized Algebra exam?  This research was conducted by a teacher-researcher over the course of a school 
year with his 67 Algebra students in an urban high school serving mostly low-income immigrant families. After 
one semester of the PBL approach, the percent of students who’d passed the exam increased by 26% (from 
64% to 90%) and the percent of students earning a ‘college readiness score’ increased 17% (from 49% to 67%) 
In addition to the quantitative exam results qualitative data was collected through the teacher’s observational 
journal, student exit tickets, interviews with school administrators and other teachers. The paper identifies 
three key components leading to the successful implementation of PBL in a high-stakes testing environment: 
developing conceptual understanding through real-world connections, developing rigorous math skills, and 
exposure to exam-style problems.  Together, these components boost students' engagement, resilience, and 
content knowledge leading to better exam performance and college/career readiness. 

 
Keywords: teacher action research, project-based learning, PBL, math education, math, Algebra, Regents 
exams, standardized testing 

 
 

Introduction 

 
This paper presents teacher-action research conducted in the Algebra II classroom of a small 
urban high school in New York City during the 2019-2020 school year.  The school serves 
mostly low-income immigrant families.  The author of this paper is both the researcher and 
the teacher of the classes studied for the research. In New York State, students are required 
to pass five standardized (Regents) exams to graduate, one of which is the Algebra I Regents 
exam.     
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At the founding of our school, it was decided that the school’s pedagogy would emphasize 
project-based-learning and it was assumed that there was no contradiction in being a 
Project Based school under a high stakes testing regime.   In practice, this has been less than 
true.   Our students struggled with the standardized Regents exams, with pass rates 
hovering around 50%. Our administration began talking about the need to ‘blend’ PBL with 
test-preparation but were unclear as to what that would mean in practice.   
 
Due to a change in school policy, most of the students enrolled in the Algebra II classes 
studied here needed to retake the Algebra I Regents exam in January.  In past years, nearly 
all students enrolled in Algebra II had already passed the Algebra I Regents.  The possibility 
of preparing my students for this exam while staying true to my school’s philosophy of 
project-based-learning inspired my research: How can project-based-learning prepare 
students to demonstrate mastery on a high-stakes standardized Algebra exam?   
 
Literature Review 

 

Project Based Learning. Project Based Learning – especially in math – is quite different from 
either Problem Based Learning, or just ‘doing projects’.  Usually, when projects are included 
in math classes, they are activities completed at the end of the unit, ranging from part of a 
lesson to multiple class periods.  Under this model, at the end of the unit students apply 
what they learned in the unit to a real-world context.  In the PBL world this first model is 
known as project-as-dessert (Larmer & Mergendoller 2010).   
 
True PBL is envisioned as project-as-main-course.  In this approach, the project is 
interwoven throughout the unit, rather than tacked on at the end (Steinberg 1997).  The 
unit begins with a real-world driving question (for example, ‘Can you survive on $2 a day?’).  
All instruction is geared towards developing the skills necessary to answer the driving 
question.  At the end of the unit, students present a final performance task in which they 
show how they’ve answered the driving question; this task can take a variety of forms (e.g., 
an essay, a presentation, an infographic etc.).  Throughout the unit, students assemble the 
components of their final performance task.  These smaller pieces, called ‘benchmarks’, 
allow students to receive feedback on their mastery of the skills required for the 
performance task before their final draft.  In the project-as-dessert model students learn 
math skills then complete an application.  When the project is the main course students 
learn through the project.  Answering the driving question necessitates learning the math.  
Students work on the project and develop their math skills simultaneously and seamlessly.  
 

Test-Prep. Test-prep is often viewed as being at-odds with good teaching (Rodriguez 2013).  
Given the high stakes of standardized tests in this era after No Child Left Behind, 
administrators, teachers and students fear the drastic consequences if students perform 
badly on the exam (Luis & Hardy 2015).  This study focuses on New York State’s Regents 
which has incredibly high-stakes-- students cannot graduate high school without passing the 
exam. This kind of pressure often leads to pedagogy that focuses exclusively on the exam-- 
practicing exam problems and test-taking strategies (Berliner 2011).  Projects, 
investigations, and other constructivist pedagogy are thrown out in a rush to cover all the 
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content and drill-and-kill certain procedures.  This model produces students whose 
understanding is a mile wide and an inch deep (Winston 2019).  Even this surface level 
understanding has often evaporated come the time of the test.  This strategy forgets that 
having a good grasp of the content taught on the exam also helps students’ exam 
performance (Underwood 2014).  If students are taught only through drill-and-kill test-prep, 
they won’t have a good understanding of the underlying concepts which will hurt their exam 
performance.  Good pedagogy is even more-- not less-- necessary when a course culminates 
in a high-stakes exam (Blazer & Pollard 2017).  The curriculum created for this research 
project begins with sound pedagogy- developing students conceptual understanding 
through Project-Based-Learning.  Test-prep activities are included as a supplement to-- not a 
replacement for-- sound pedagogy.   
  
Methodology 

 

Educational Intervention. Due to a policy change, many of the students enrolled in my 
course would need to retake the Algebra I Regents exam in January.  Over the summer I 
reconfigured my curriculum to enable all students to pass the Algebra I exam while ensuring 
that students who chose to take the Algebra II exam would be prepared to do so in June.  I 
believe in depth over breadth; I knew that it would be better to ensure that my students 
were proficient with a few key skills than to cover all the content on a surface level.  The 
former approach would ensure that students were able to access the skills they learned 
both on the exam and in future contexts they encounter as professionals and citizens.   
I knew that the best way to introduce new concepts is with real world context.  Students 
learn best when they can connect their new learning to their prior knowledge.  To this end, I 
began the year with an 8-week long unit on modeling the key features of polynomial 
functions.  This unit was divided into two projects- the ‘baseball home runs’ project (which 
covers Algebra I standards) and the ‘parabolic solar cooker’ project (which covers Algebra II 
standards).   
 
As we finished each project, we spent a week working on questions from prior exams that 
test the skills students developed in the project.  After completing the 8-week modeling 
unit, we moved onto a three-week unit about equivalent expressions and factoring.  This 
unit builds heavily on the conceptual understanding of zeros that students built in the 
‘baseball home runs’ project.  The equivalence unit did not have a real-world project; 
instead, lessons were based around previous exam questions. We started by learning 
strategies to solve the simpler problems from past Algebra I exams and built up to applying 
these strategies to tackle the challenging Algebra II problems.  In addition to learning math 
skills, we also developed test-taking strategies including ‘doing the easy problems first,’ 
‘checking answers with the graphing calculator,’ and ‘annotating constructed response 
problems.’  After the ‘equivalent expressions’ unit we completed a unit on ‘simplifying and 
solving equations’ through the ‘soda can redesign project.’   
 
We ended the Fall semester with a unit on imaginary numbers.  This was the last unit we 
covered before students took the Algebra I Regents Exam in January.  Imaginary numbers 
are Algebra II content.  I chose to teach an Algebra II topic right before my students took the 
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Algebra I exam (instead of reviewing Algebra I content) because, even though imaginary 
numbers would not be tested on the January exam, this content required students to 
practice most of the key skills tested on the Algebra I exam (e.g., factoring, quadratic 
formula, using a graphing calculator, and deciphering exam problems).  Practicing these 
skills on more advanced problems helped ensure that students would be ready to solve the 
simpler problems on the Algebra I exam.   
 
After focusing the Fall semester on polynomial functions, my students spent the Spring 
semester studying linear and exponential functions.  In the first unit of the Spring Semester 
students used linear systems to determine if it is possible to survive on the global poverty 
line of $2 a day.  After completing the Global Poverty project, we began our exploration of 
exponential functions.  Through this project students learned about proportional reasoning, 
exponential functions, and logarithms to create their Future Financial Plan.  Table 1 detailing 
the curriculum I designed and implemented in this research project: 
 
Table 1: Project-Based Algebra II Curriculum 

Unit: Modeling Polynomial Functions  

Project Name: Green Monster 

Driving Question: Which MBL stadium is it hardest to score a home run in? 

Performance Task: Argumentative essay: Students answer the driving question and cite 
numerical evidence they have calculated throughout the project to support their claim 

Math Content: graphing equations, vertex & zeros of a parabola, creating the equation for a 
quadratic function given its vertex and zeros, evaluating functions for a given value, 
transformations of polynomial functions 

Unit: Modeling Polynomial Functions  

Project Name: Parabolic Solar Cooker 

Driving Question: Why is a parabola the best shape for a solar cooker? 

Performance Task: Build and test a parabolic solar cooker 

Math Content: focus and directrix of a parabola, creating and graphing quadratic equations 

Unit: Equivalent Expressions  

Project, Driving Question & Performance Task: n/a 

Math Content: factoring polynomials, evaluating equivalent expressions, graphing calculator 

Methodology: lessons designed around previous exam questions, explicit instruction in test-
taking strategies 
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Unit: Solving Equations   

Project Name: Soda Can Redesign 

Driving Question: How can I redesign the classic soda can have a new, appealing shape while 
retaining the original volume? 

Performance Task: Create a catalogue of new designs for a soda can 

Math Content: solving one-step, two-step, and multi-step linear equations; solving equations 
with fractions; solving equations for one variable in terms of another; solving quadratic 
equations 

Unit: Imaginary Numbers  

Project, Driving Question & Performance Task: n/a 

Math Content: factoring, quadratic formula, equivalent expressions, interpreting graphs 

Methodology: review skills learned throughout the semester by applying them to the new 
context of imaginary numbers 

Unit: Linear Systems  

Project Name: The Global Poverty Line 

Driving Question: Can you survive on $2 a day? 

Performance Task: Argumentative essay.  Students answer the driving question and cite 
numerical evidence they have calculated throughout the project to support their claim 

Math Content: creating algebraic equations to model real world scenarios; graphically solving 
systems of inequalities; algebraically solving multivariable systems of equations 

Unit: Exponential Functions, Sequences & Logs  

Project Name: Future Financial Plan 

Driving Question: When will I become a millionaire?  

Performance Task: Students present their future financial plans 

Math Content: writing and evaluating exponential equations; compounding frequency; 
calculating percentages; sequences; series; solving exponential equations with logs 

 

 
Data Collection This study of employing project-based learning to improve student 
outcomes on a high-stakes exam was conducted with the 67 students enrolled in my 
Algebra II courses during the 2019-2020 school year.  The January Algebra I Regents scores 
were my primary data source.  For triangulation, I interviewed our instructional coach and 
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assistant principal on the philosophy and strategies behind multi-leveled classes, and on 
best practices for blending PBL and test-prep.  Additionally, I conducted two exit-ticket 
surveys with one of my three sections of students (it was not possible to survey all students 
due to time constraints). These surveys asked students about what they had enjoyed, found 
challenging, and learned in our projects.   I also journaled about my own observations of my 
classes’ day-to-day experiences of our blended PBL/test-preparation curriculum.   
 
This project began in Summer 2019 when I received the data about my incoming cohort of 
students; I learned that my new classes would have different needs then my previous years’ 
classes of Algebra II students.  Specifically, since our school was no longer offering an 
Algebra I repeaters class, many of my ‘Algebra II’ students would need to prepare to retake 
the Algebra I exam. After spending the summer revising my curriculum it became clear that 
this new challenge would be a natural focus for a research project.  In the Fall I formalized 
my research question, analyzed my assumptions, and began teaching.   
 
I began the year with the following hypotheses:  

1. PBL alone will not prepare students to do well on the exam.  
2. Students need to be exposed to exam-style questions before they sit for the exam 
3. Students will have a better understanding of ‘traditional’ math problems and 

procedures if they have been first exposed to the content through projects that 
connect to their funds of knowledge.  

4. The closer to the exam date we get, the more exam focused teaching & learning 
needs to become 

5. It is not possible to create real-world projects for all exam content because some 
exam content has no real-world applications that are accessible to high school 
students 

 
The data corroborated some of the ideas and challenged others. I organized my daily 
journals around these hypotheses.   I also began to look at research conducted by other 
teachers investigating similar questions and revisited the theoretical research underpinning 
constructivist pedagogy, as discussed in the literature review of this paper.  To incorporate 
the perspectives of other stakeholders in the community, I interviewed two administrators 
at my school and conducted the first exit-ticket survey with my students.  The first three of 
my original hypotheses appeared frequently in the data I collected.  Hypothesis 4 had less 
supporting data.  Hypothesis 5 was entirely debunked as (nearly) every unit we studied was 
centered around a real-world project (as detailed in the Educational Intervention section).  
 
Before my students took the exam in January, I read through all this qualitative data and 
found the themes of Project Based Learning, Test Prep, and Heterogeneous Grouping 
mentioned most frequently.  After I received the results of the January exam (which are 
detailed in the Results section) I looked back through the fall data using these themes to 
identify the specific classroom practices that led to the exam results.   In this final analysis 
an additional theme of Engagement emerged as an important contributor to student’s 
success.  The importance of students’ buy-in crystallized as an essential theme from the final 
student exit-ticket survey.  In this survey students were asked about their favorite classroom 
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activity.  Nearly all students listed experiences where they felt successful and interested in 
what they were learning.  Each of these themes is further explored in the results section 
below, along with their connection to the qualitative and quantitative data.  
 
Results and Discussion 

 
The primary data source was my students’ scores on the January 2020 Algebra Exam. 
Overall, my students did very well (see Figure 1).  75% of my students who had previously 
failed the exam passed this time (24 of my students took the exam, 18 passed).  This is the 
highest pass rate of my career, and much higher than my school’s overall pass rate of 36% 
(schoolwide, 86 students took the exam and 31 passed).  In addition, all students who still 
failed had their score increase from their previous attempt at the exam.  After this exam, 
the percentage of students enrolled in my Algebra II course who have not yet passed the 
exam decreased from 36% to 10%- a 26% drop (previously 24 students had not passed the 
exam, after January only 7 students had not passed the exam), and the percentage of 
students who have scored College Ready increased from 49% to 64%- a 15% gain (previously 
33 students had scored College Ready, after January 43 had earned this score).  For students 
who retook the exam in January (n=24), the results from students prior Algebra Regents 
scores (M = 58.1, SD = 7.4) and January 2020 Regents Scores (M = 65.5, SD = 7.0) indicate 
that my blended PBL/test-prep curriculum resulted in an improvement in students exam 
scores; using paired t-test, gives t(23) = 4.7, p = .00101.  The project-based curriculum 
intervention had a demonstrable positive impact on students’ exam scores.  
 

 
Figure 1: Cohort’s Exam Scores Pre- and Post- Intervention 

 

Developing Conceptual Understanding through Real-World Connections. Using projects as 
students’ first exposure to new content builds a deep foundational understanding of 
mathematical concepts. In Project-Based-Learning all skills and content are taught through 
questions students generate while completing the project-- my students first learned about 
the ‘vertex’ as the highest point a baseball reaches on its path, defined ‘zeros’ as the start 
and end point of a ball’s trajectory, and discovered the ‘focus’ as the hot point inside their 
solar cooker that will most efficiently toast their marshmallows.  My research has shown me 
that students have a better understanding of these abstract concepts when they are first 
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exposed to them in familiar contexts. Having a deep understanding of the underlying 
concepts enabled students to master the skills quickly and remember them later.  Having 
those real-world connections gives students things to latch on to.  Starting the year with 
real-world projects built a strong foundation for students to later use to solve abstract exam 
problems.   My research shows that students will have a better understanding of 
‘traditional’ math problems and procedures if they have been first exposed to the content 
through projects that connect to their funds of knowledge (González, Moll, & Amanti 2005). 
Students themselves recognize the value of building math skills through real-world 
connections.  Two students listed the ‘baseball home runs’ project as the experience they 
learned the most from because it was ‘easy’.  The math in this project is quite complex-- 
students create and transform multiple forms of quadratic functions to model baseball hits.  
In traditional Algebra II classes students often struggle to manipulate these different 
equation forms, yet my students found the project ‘easy’.  This data indicates that students 
find complex math to be accessible when it is embedded in familiar context.  Overall, 71% of 
students (10/14) identified one of the real-world projects as the class activity they learned 
the most from.   But the projects are the starting point, not the end point.  While developing 
skills through fun projects, students also need opportunities to practice those skills on more 
traditional problems.   
 

Developing Rigorous Math Skills through PBL. Through projects, students can build fluency 
with rigorous math skills. After one semester of learning through my blended Project Based 
Learning approach my class experienced a significant increase in standardized test scores. 
Doing well on this 37-question exam requires students to correctly employ a variety of math 
procedures.  Authentic projects can provide opportunities for students to practice rigorous 
math procedures.  For example, as part of answering the question “Can you Survive on $2 a 
day?” students had to solve a three-variable system of equations to achieve the correct 
balance of cost, calories, and nutrients.  Solving this required 37 steps of algebra.   
After the project, I gave my students an exit ticket asking what they learned from this 
project.   Students mentioned multiple math skills including how to ‘solve a three-variable 
system of inequalities’, ‘modeling inequalities’, ‘graphing’, and ‘creating equations’.  When 
cross-checked with my unit plan, these student-reported skills mapped closely to my listed 
objectives.  There is a common misconception that when doing a project students may be 
creating drawings, preparing presentations, or following mapped-out steps to produce a 
product, but that in doing so they are not rigorously engaging with the content.  We have all 
witnessed or at least heard of presentations that read as if they are simply copied from 
Wikipedia pages, or projects where students spend an entire period coloring a cathedral.  
The flaw in these activities is usually that they are not actually authentic projects.  An 
authentic project is driven by a real-world question that students need to apply discipline 
specific skills to answer (Stienberg 1997).  When teaching and learning are oriented towards 
answering this question students are required to practice the same skills that professionals 
use when answering these questions.  The context helps students check their answers for 
reasonableness while grounding the abstract math in something relatable. While solving the 
‘$2 a day’ problems students often caught their own mistakes without teacher intervention.  
For example, when they calculated a negative, they realized you can’t eat a negative 
amount of food and searched back through their work to find their mistake.  Real-world 
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problems and projects give students a familiar context to hold onto while practicing 
complex math procedures.   
 

Exposure to Exam-Style Problems. Given the success of the Project Based Learning approach, 
you may be wondering why I didn’t take an entirely project-based approach to the Algebra II 
curriculum.  To demonstrate their full knowledge on standardized tests, historically 
marginalized students need to be exposed to exam-style questions before the exam. 
Students need explicit opportunities before the exam to practice exam questions. In the Fall, 
I documented multiple instances of students struggling to apply a skill they’ve learned to an 
unfamiliar context.  For example, on November 6th I wrote in my journal: “Most students 
seemed to remember how to do equivalence on the calculator.  But they struggled when 
they had to rearrange first.  In general, students struggled with the problems that were even 
slightly different from what they were familiar with, even if it’s the same skill.  Some even 
struggle to plot points.  None know how to do transformations.”  All the skills mentioned in 
this entry had been taught previously.  Lessons devoted to working through exam-style 
problems are needed for students to practice applying the skills they have learned through 
their projects to other contexts.  Even though it’s frustrating for both the teacher and 
student to witness the class struggling through these problems, it is better that they struggle 
in a supportive classroom environment than on the day of the exam.  At the end of the 
semester this struggle paid off as 75% of students (18/24) who had previously failed the 
exam passed.   
 
When working independently my students struggled with problems that were even slightly 
different than what they were familiar with, even if it’s the same skill.  One potential pitfall 
of PBL is that after students have done a particular project, they may not have generalized 
the skill beyond the specific context of the project.   In addition to doing the project 
(perhaps after), students need opportunities to practice the skills in new contexts.  In the 
traditional project-as-desert model students first learn new math skills, then finish the unit 
by applying these skills in context.  True Project-Based- Learning flips the traditional project-
as-dessert model on its head.  In my classroom students built their skills and conceptual 
understanding through the project, then practiced applying their learned skills to other 
contexts.  This practice may be interspersed throughout the project, especially if the project 
requires multiple skills or iterations.  The key here is that the project comes first (not last); 
the project drives the learning from the beginning.    
 
In past semesters, when I have taken an entirely project based approach my students have 
struggled to apply the skills they learned through projects to the exam.  This is because the 
exam usually asks questions outside of context, and often uses language and notation 
students are unfamiliar with.   Students must be exposed to the test formatting ahead of 
time, so it doesn’t serve as a barrier keeping them from demonstrating their knowledge.  
Sometimes I am blind to these roadblocks until students trip over them.  For example, when 
observing one of my ELLs (English Language Learners) whose home literacy is in the Bengali 
script, I realized that he struggled to tell the letters t and f apart.  For another example, in 
mid-October I gave my students some practice exam problems on transformations.  We had 
covered transformations earlier in our baseball project.  However, students were unable to 



THE JOURNAL OF TEACHER ACTION RESEARCH 65 

 

 

Journal of Teacher Action Research - Volume 8, Issue 1, Fall 2021, <practicalteacherresearch.com>, ISSN # 2332-2233 © JTAR. All Rights  

 

solve the problems because they were written in function notation.  I taught them how to 
interpret function notation and when we reassessed students were able to solve problems 
requiring them to understand this notation.   These are a few small examples of a bigger 
pattern.  Students need to understand what the exam questions are asking before they can 
answer the question.  Practicing with exam questions is the best way to build these skills.  If 
we only teach through projects students will experience barriers to accessing their 
knowledge on the exam.    
 
When asked about what class activity she has learned the most from, one of my students 
who had not yet passed the Algebra exam said that “So far to be honest I’ve learned more 
from Regents prep.  I’m starting to feel confident.”  This new learning and increased 
confidence led her to a 16-point increase in her exam score.   After the exam, multiple 
students came to me and attributed their passing scores to employing the skills that I taught 
them. Specifically, they mentioned our strategies of ‘doing the easy problems first’, 
‘checking answers with the graphing calculator’, and ‘annotating constructed response 
problems’.  I know that these test-taking skills would have been insufficient to earn a 
passing score if students had not also had sufficient mathematical knowledge.  But teaching 
into these test-taking strategies gave students the keys to unlock their knowledge.  These 
are skills that many of us take for granted, but that historically marginalized students need 
to be explicitly taught.   
 
Before January 2020 none of my students with IEPs (Individualized Education Plans) had 
earned a college readiness score, in January two students with IEPs earned this score.  Even 
more strikingly before January 2020 none of my students classified as ELLs had even passed 
the exam.  In January 2020 one of my ELLs passed the exam.  While these raw numbers are 
small, the percentages are large: the percentage of my students with IEPs who earned an 
exam score indicating ‘college readiness’ increased by 33% and is now within 12 points of 
the general education students (before entering my class, the gap was 32 points).  Similarly, 
the percentage of my English Language Learners who have passed the exam increased by 
33%.  The data above represents students who chronically struggle in school who were 
finally successful on a standardized exam after participating in my class.  As I write this, I see 
each of their faces.  After the exams had been graded, I asked them if they wanted to know 
their score.  I clearly remember one student resignedly responding: ‘What? I’m sure I failed 
again’ and then whooping for joy when I told her she had not only passed but earned a 
college readiness score.  Another student danced around my classroom after hearing her 
score, waiving the report like a victory flag.   So, though the sample size of formally classified 
exceptional learners may be small, the human impact of this work is gravely significant, 
especially for these most marginalized of students. This data shows that my blended 
approach-- learning through projects combined with explicit practice on exam questions-- 
enabled more historically marginalized students to meet state standards.  My research is 
focused on historically marginalized students because that is the population of my 
classroom, but it might well be beneficial for all students to have explicit instruction in test-
taking strategies.  To be clear, this test-preparation is not a replacement for genuine 
constructivist teaching and learning, rather it is a bridge to allow students to demonstrate 
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all they have learned through authentic learning experiences in the inauthentic context of a 
standardized exam.   
 
Engagement. Project Based Learning brings engagement, excitement, and joy to the 
classroom. According to our school’s assistant principal, “Our theory of action is.., that 
taking a project-based approach- the relevance and learning the skills within context- is 
more engaging.” When asked what they enjoyed about our class, 10/14 students surveyed 
listed projects.  The most common response (6 students) was our Solar Cooker Project.  This 
is quite an authentic project-- students design, build, and test a solar cooker to roast 
s’mores.  On the day we tested the cookers I overheard students saying, “I’m excited to see 
if this solar cooker thingy will work”, “Yo!  Look!  It’s melting”, “I’m not gonna lie, this 
project was kinda lit”, “I didn’t want to go outside because it’s cold, but it was actually 
pretty fun.”  This data indicates that students are engaged when doing authentic projects.  
This kind of joy in the classroom is valuable in and of itself, while also motivating students’ 
learning.   
 
This claim is further triangulated by my observational data.  I have noticed that students are 
more willing to struggle through challenging mathematics without giving up when the 
calculations are rooted in a context that students see as worthwhile.  During our financial 
literacy unit students would become frustrated with the tedium and challenge of the 
calculations.  But nearly all of them stuck with it.  I’d tell them that banks make things 
confusing on purpose so that we will trust them with our money.  But why should you trust 
someone else with your money?  Motivated by the desire not to get ‘scammed’ students 
powered through the project.  In the end, they were clearly able to articulate how to choose 
the best interest rate, the difference between various forms of compounding, and what to 
look out for in the fine print of savings accounts.  The project context gave students a 
compelling reason to wrestle with challenging mathematics, while also leaving them better 
prepared to understand their future (and current) finances.   When my former students ask 
me for letters of recommendation, rarely do they mention their exam scores, but they often 
remember our projects and even discuss how they’ve applied what they’ve learned outside 
of school.  When students are actively engaged in class the lessons are more likely to stick; 
they are more likely to remember what they have learned both on the exam and later in the 
real world. (Tomaszewski, Xiang, & Western 2020) 
 
Implications 

 
In this era of high-stakes testing, many teachers and school leaders have moved away from 
what they know to be sound pedagogy in a panic to improve test scores.  This has been 
especially true in schools like mine that serve mostly poor Black and Brown students.  While 
it is true that students need to be previously exposed to exam-style questions to show off 
their knowledge on the exams, it is equally true that students must have deep content 
knowledge to perform well on exams.  This last statement may seem to be a tautology; in 
that case it should be obvious that even under the pressure of high stakes testing we cannot 
move away from sound pedagogy.  We, as educators, must employ the practices 
demonstrated to be effective by both research and our professional experience.  Without 
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the deep content knowledge developed through strong pedagogy our students will be 
prepared neither for the tests nor global citizenry. 
 
What do these grand statements mean for teachers faced with the task of preparing 
students for a high-stakes exam, especially for teachers with the added urgency of preparing 
students to pass an exam they have previously failed, an exam written by people who are 
not like them, an exam that is a gatekeeper to future opportunities?  We must teach in the 
ways we know to be best.  For me and my students, that means Project-Based-Learning.  I 
don’t claim that my answer, or even my implementation of PBL is right for all students in all 
circumstances.  But through my research I have come to some new understandings that may 
have implications for others. 
 
Conclusion  

 
Project Based Learning has a home in the math classroom.  It need not be diluted into 
problem-based-learning or project-as-dessert or-- worse yet-- thrown into the bin 
altogether for more algorithmic practice.  Learning is best achieved when the new 
understandings are connected to prior knowledge.  Math is no exception.  This means that 
new math concepts should be introduced in contexts familiar to students- for example, 
using baseball hits to introduce parabolas, savings plans to introduce exponential growth, or 
annual temperature fluctuations to introduce trigonometric functions.  Students will more 
quickly develop a stronger understanding of new mathematical ideas when they can map 
them to things that are already familiar with - the landing point of a baseball becomes the 
zero of a parabola, the multiplicative nature of savings growth creates the need for 
exponential notation, the 12 months of a year describe the period of the temperature 
function. After grounding their conceptual understanding in their prior knowledge students 
can then apply their new knowledge to new contexts, or even to decontextualized 
problems.  In fact, it is vital that students are eventually exposed to multiple applications of 
each concept to fully generalize their understanding.  Furthermore, rigorous math 
procedures can be practiced through Project-Based-Learning.  Designing packaging, 
optimizing nutrition under poverty, and calculating how long it will take to pay off a loan are 
all real-world tasks that require powerful math procedures.  In fact, mathematical concepts 
were originally uncovered to describe real-world phenomena, and algorithms were 
developed as tools for solving specific problems encountered by STEM professionals.  
Students will have a better understanding of mathematics if they discover it in these same 
ways.  In conclusion, through my research I have learned to reject the false choice between 
test-preparation and sound pedagogy.  Students do well on the tests when they are taught 
well, and this means that math should be taught in context. 
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