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1

INTRODUCTION

Why Project-Based Learning?

When my assistant principal, Dr. Jones, would visit my science and 
social studies class and observe the project-based learning (PBL) my stu-
dents were engaged in, he would always ask in the post-conference, “How 
do you know it is working?” To me, this seemed like asking someone why 
water is wet. It just is. Through the day-to-day observations, I could see that 
my students were more engaged and learning more through project-based 
learning than the traditional teaching methods I had used during the first 
5 years of my teaching career. Were their test results better at the end 
of the year? Yes, but more important than this quantitative data was the 
qualitative data my students provided me. My students would come to visit 
me after having left for high school and say, “High school is easy because 
we used project learning in your class. I knew how to research, I knew how 
to present, and I remembered the material we learned.” When students 
and their parents would talk about their later schooling experiences, they 
were always grateful we had done project-based learning because it better 
prepared them for the future. 

Despite these stories, Dr. Jones would always resist: “Where’s the 
research to back up that this is working in the classroom?” This was right 
at the beginning of the data explosion in education, and I did not have 
any research to tell me it was working. I just knew it was working. Again, 
Dr. Jones would challenge me: “If you had research to back this up, it 
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would make the power of its effectiveness much better because it would 
be quantifiable.”

Since these conversations, project-based learning has been slowly but 
surely making its way into the educational conversation. Documentaries 
such as Most Likely to Succeed (Dintersmith & Whiteley, 2015) show the 
power PBL can have on students. As PBL has gained traction in schools, 
there has been more and more research on its effectiveness. Not only did 
I know it was working, but I could also back it up with study after study. 

How Effective Is Project-Based Learning?

When Thomas (2000) reviewed research on PBL, he found evidence 
that using it in the classroom enhanced the quality of student learning, 
especially when compared to other methods of instruction. Specifically, he 
saw that PBL was effective for teaching processes, such as problem solving 
and decision making. Boaler (2002) looked at two British secondary schools 
that had a similar student makeup. One of these schools used traditional 
methods to teach mathematics. The other focused on project-based learn-
ing. Across 3 years of data, students in the project-based learning school 
outperformed the traditional school’s students in mathematics, with 3 
times as many students scoring the highest possible grade on the national 
examination (Boaler, p. 16). More than that, PBL better taught conceptual 
and applied knowledge, meaning there was a much better chance of endur-
ing understanding.

In a more recent study, Deitering (2016) looked at whether project-based 
learning was a more effective instructional method than traditional teach-
ing methods. She compared two groups, one taught through PBL and 
one taught through more traditional methods. Figure 1 summarizes her 
findings. Each group completed a science unit on rocks and erosion, fol-
lowed by a reflection, which required students to consider three levels of 
engagement—retreatism, compliance, and engagement. The results of 
the student surveys showed that traditional instruction resulted in better 
student compliance. When students sit in perfectly positioned rows and 
are talked at for great lengths, it only makes sense that they would be 
compliant. Traditional methods were also higher in retreatism, but this is 
not a good thing. Retreatism is when students are disengaged from cur-
rent classroom activities and goals. Although they are compliant, they are 
thinking about other things, causing them to reject both the official goals 
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and the official means of achieving the goals of the classroom. When it 
comes to engagement, PBL wins by a bunch. Eighty-two percent of stu-
dents said PBL methods were engaging to them, while less than half said 
the same thing about traditional classroom methods. When you add it all 
up, compliance may be nice, but it does not mean students are learning. 

The Buck Institute for Education (n.d.), which is one of the biggest pro-
ponents of PBL, has found that: 

 X PBL engages hearts and minds: Through active engagement, 
PBL provides real-world relevance for learning, as students solve 
problems that are important to them and their communities.

 X PBL provides deeper learning: PBL builds deeper understand-
ing and retention. 

 X PBL provides exposure to adults and careers: Students can 
interact with mentors in their communities and develop career 
interests.

 X PBL provides a sense of purpose: Seeing the real-world impact 
of a project gives students a greater sense of purpose.

 X PBL builds 21st-century workplace skills: Students learn to 
take initiative and responsibility, solve problems, and communi-
cate ideas.

 X PBL provides rewarding teacher-student relationships: 
Teachers, too, discover meaning and rediscover the joy of learning 
while working with students engaged in PBL. 

 X PBL engages creativity and technology: Students use a variety 
of approaches and technology tools throughout the course of their 
projects. 

Controlled Group 
Traditional 
Instruction

Experienced Group 
PBL Instruction

Retreatism 7% 2%
Compliance 24% 11%
Engagement 44% 82%

FIGURE 1. Traditional instruction versus project-based learning in 
the classroom and student-reported levels of engagement (Deitering, 
2016). 
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What Is Effective Project-Based Learning?

A literature review by MDRC (Condliffe, 2017) described PBL as 
“promising but not proven” (p. iii). Notably, however, Condliffe did not 
find overwhelming evidence of PBL’s effectiveness. This is because not all 
PBL is created equally. Just because someone claims to be  “doing PBL” 
in his or her classroom does not mean he or she is doing so with the best 
practices in mind (p. 20). There are certain elements needed for effective 
PBL, including (Menzies, Hewitt, Kokotsaki, Collyer, & Wiggins, 2016):

1. Student support: pupils need to be effectively guided and sup-
ported through the PBL process; emphasis should be given on 
effective time management and student self- management includ-
ing making safe and productive use of technological resources. 

2. Teacher support: regular support needs to be offered to teachers 
through regular networking and professional development oppor-
tunities. Support from the school senior management is crucial. 

3. Effective group work: high quality group work will help ensure that 
pupils share equal levels of agency and participation. 

4. Balancing didactic instruction with independent inquiry will 
ensure that pupils develop a certain level of knowledge and skills 
allowing them to comfortably engage in independent work. 

5. Assessment emphasis on reflection, self, and peer evaluation: evi-
dence of progress needs to be regularly monitored and recorded. 

6. An element of student choice and autonomy throughout the PBL 
process will help pupils develop a sense of ownership and control 
over their learning. (pp. 10–11)

These elements all need to be in play as you utilize project-based learn-
ing in the classroom. As you dive into the projects in this book, you will 
find they are well laid out for you, but there are certain things that you will 
have to independently ensure are accomplished, such as managing stu-
dents, giving them enough space to learn how to learn, and giving them 
guidance on how to reflect upon what they have learned (Stanley, 2015). 

When all is said and done, I know my students are learning much more 
in my project-based learning classroom than when I was teaching with tra-
ditional methods. And now I have the research to back that up. How do 
you like that, Dr. Jones?
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Why STEM?

STEM (science, technology, engineering, and math) education is much 
more than the mashing together of these subject areas. In this book, stu-
dents will utilize STEM principles to engage in project-based learning 
through performance-based projects. These projects will involve: 

 X Designing, developing, and utilizing technological systems 
 X Open-ended, problem-based design activities 
 X Cognitive, manipulative, and effective learning strategies 
 X Applying technological knowledge and processes to real world 

experiences using up-to-date resources 
 X Working individually as well as in a team to solve problems 

(International Technology and Engineering Educators Association, 
2016, para. 3) 

Typically, students utilizing STEM principles to engage in PBL will: 
 X Access and synthesize prior knowledge in science, math, and tech-

nology to solve a real-world problem
 X Research and collect evidence to solve a problem
 X Gain firsthand experience on how science, math, and technology 

solve problems in the real world
 X Conceptualize, build, and test concrete models of solutions
 X Work collaboratively to critique and build on their peers’ ideas
 X Communicate and defend solutions based on evidence (Adv- 

ancement Courses, 2015, para. 3)

STEM-based PBL provides students with authentic learning experi-
ences. Through such experiences, students understand the context of how 
what they are learning fits into the real world. This means that students 
are better equipped to apply a concept or skill in a later project or unit, as 
well as when they go on to college or enter the workforce. By developing 
authentic products and solving real-world problems, students are able to 
experience and see firsthand how classroom concepts work in real-world 
settings. By utilizing STEM principles, they are also able to see how con-
cepts connect across subject areas. 

Traditionally, students might work on math for 45 minutes. Then, the 
bell rings, and the math books and work go away, only to be replaced by 
science books and assignments. When the bell rings again, everything stu-
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dents have been learning about is put on hold, and they transition into 
learning about something else. This is a very unnatural way to learn about 
science and math—and any other subject, for that matter. Math and sci-
ence are subject areas that are very close cousins, with a lot of overlap 
between the two of them. Why do we try so hard to separate them? 

Anyone who lives in the real world knows this is not how it works. 
Oftentimes, you employ several different areas of learning while working 
on a single project. For example, the simple act of making dinner uses sev-
eral disciplines:

 X English language arts: Reading the recipe or the directions for 
preparing the meal.

 X Math: Measuring out what is needed to create the meal and using 
a timer to determine how long it should cook.

 X Science: Understanding when water is boiling, an oven is warmed, 
or what to mix and what not to mix together to get the desired 
results.

By completing almost any task, you integrate different subject areas 
to be able to achieve a goal. That is the way our lives work, and it is how 
classrooms should work as well. If the STEM education initiative has done 
anything, it has taught teachers and students how all of these areas work 
together and how they can be used collectively to achieve a greater accom-
plishment than if using a single subject area.

You can also use STEM-based PBL to engage students in the engineer-
ing design process (Engineering is Elementary, 2018). See Figure 2 for a 
breakdown of the process. This five-step cycle (ask, imagine, plan, create, 
improve) is the same process real-world engineers utilize. This is a sound 
process that can even be applied to subjects unrelated to science, technol-
ogy, engineering, or math. 

For example, if you have asked students to write an essay on what their 
favorite color is, they could easily go through these steps in order to com-
plete their task:

 X Ask: Students ask and consider, “What is my favorite color?”
 X Imagine: Students ask and consider, “Why is it my favorite color?”
 X Plan: Students ask and consider, “How could I explain to others 

why it is my favorite color, and what examples could I use?”
 X Create: Students write their essays.
 X Improve: Students read through their essays, looking for clarity, 

as well as spelling and grammar errors.
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