Southeast Asian Journal of STEM Education
Vol 3 No. 2 July 2022

Applying Project-Based Learning (PBL) to Enhance Learning in Mathematics and
Career & Technology Education (CTE) Classrooms Using Robotic Smart Vehicles
Thehazhnan Ponnaiyan1, Charlene M. Czerniak2*, Ahmad Javaid3, Akshay Mathur3,
Subhrajit Majumder3, Jared Oluoch4, and Tod Shockey5
University of Toledo, Toledo, Ohio, USA
1

Department of Chemical Engineering
College of Engineering
3
Department of Electrical Engineering & Computer Science
4
Department of Engineering Technology
5
Judith Herb College of Education
*Corresponding author: charlene.czerniak@utoledo.edu
2

Abstract
Project-based learning has gained attention in the last decade as an effective teaching strategy
that results in greater student engagement and deeper learning. This paper describes program
that provided professional development (a summer institute and academic year support) to
high school mathematics and career and technical education teachers. The professional
development focused on a driving question related to autonomous vehicles and used robotic
smart vehicles to teach concepts related to autonomous vehicles, mathematics, and career and
technology education courses. The paper includes example STEM-integrated lessons that were
used in the teacher professional development, links to all of the professional development
program lessons (this includes two versions: one PD program that was held two weeks inperson and one that was delivered online over three weeks during COVID-19 closures), and
links to selected lessons high school teachers created for their own students.
Keywords: Mathematics education, project-based learning, computational thinking,
professional development
Current shortages of the workforce in STEM areas are predicted to escalate over the
next few decades. In the U. S. alone, there are predictions that the economy will be short by 1.1
million STEM workers overall in 2024 (Varas, 2016). Using data from a cohort of 2009 high
school freshmen, a study on occupational intentions of students and changes in intentions over
the first 3 years of high school reveals that nearly half of the students who started out with an
interest in STEM careers decided to pursue a non-STEM career before graduation (Holian et al.,
2020). According to the statistics released by the U.S. Department of Education in 2015, only 16
percent of 15-year-old high school students demonstrate interest in STEM-related careers, with
women and under-represented ethnic minorities showing lower STEM career expectations (Hall
& Rathburn, 2020). Additionally, women are 1.5 times more likely to leave the STEM pipeline on
account of introductory math courses like Calculus I (Ellis et al., 2015). Mathematics is usually
found to be a less popular subject (Bragg, 2007), and students’ negative attitude towards
mathematics can grow with age (Mekaria et al., 2016a).
T. Ponnaiyan, C. M. Czerniak, A. Javaid, A. Mathur, S. Majumder, J. Oluoch, & T. Shockey

94

Southeast Asian Journal of STEM Education
Vol 3 No. 2 July 2022

Wolpert (2018) reported that one difficulty for students is a lack of a deep
understanding of the mathematics, which they attribute to the memorization of mathematical
rules and procedures. Paulos (1991) put this in perspective:
Imagine that 90 percent of every course in English up until college was devoted to
grammar and the diagramming of sentences. Would graduates have any feeling
for literature? Or let’s consider a conservatory devoting around 90 percent of its
effort to only practicing of the scales. Would this way be good enough for the
students to develop understanding or appropriate appreciation of music?
Obviously, the answer is no. In fact, this gives proper allowances for the hyperbole.
This describes what frequently occurs in our mathematics classes. Mathematics is
identified with a rote recitation of facts and a blind carrying out of procedures.
(Paulos, 1991, p.52).
The issue of deep mathematical understanding is not solely a U.S. problem, and schools across
the world are beginning to address this lack of deep conceptual understanding according to
Hamilton et al. (2012).
Project-Based Learning
Project-based learning (PBL) follows an inquiry-based approach which focuses on the
student’s learning environment, while concentrating on disciplinary technologies, tools, and
concepts to find solutions to real-world problems (Krajcik & Blumenfeld, 2006; Lee & Galindo,
2018). In contrast to conventional classroom environments, a PBL environment provides
students with opportunities to develop their abilities to adapt and change methods to fit new
situations, and projects integrate subject areas. Studies indicate that PBL not only enhances
students’ motivation to learn but also facilitates their problem-solving ability (Mekaria et al.,
2016b). Typically, a driving question is used to frame the curriculum (Krajcik & Czerniak, 2018)
and drive inquiry, which is supported by technology and collaboration (Krajcik, et al., 1999;
Krajcik & Czerniak, 2018; Ruopp, 1993; Tinker, 1996). This includes extensive use of studentdirected inquiry and exploration to address a complex topic or problem (Condliffe et al., 2019)
and shifts responsibility for learning to students (Krajcik & Czerniak, 2018).
Students taught in traditional mathematics education environments are preoccupied by
exercises, rules, and equations that need to be learned, but are of limited use in unfamiliar
situations such as project tests (Hah Roh, 2003). In contrast, PBL in math results in better
student learning outcomes than traditional methods (Stoica, 2015; Han et al., 2016), and raises
students’ interests in math (Cunska & Savicka, 2012), in addition to resulting in improved critical
thinking and problem-solving skills (Mergendoller et al., 2006), and improved collaborative skills
(ChanLin, 2008). Lee & Galindo (2018) provide guidance for mathematics teachers to make
mathematics come alive with project-based learning, and typically such projects integrate
science, technology, engineering, and mathematics as well as language arts, social studies, and
art (Kracik & Czerniak, 2018).
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INITIATE Project Background
To address these issues, the project entitled INITIATE (Understanding How Integrated
Computational Thinking, Engineering Design, and Mathematics Can Help Students Solve
Scientific and Technical Problems in Career Technical Education) was a 3-year, NSF funded
(Award # 1741784), STEM+C Partnership Program Design and Development project that
partnered high school mathematics and Career Technical Education (CTE) teachers in a Midwest
(U.S.) urban school district. Due to mathematics oftentimes serving as a gatekeeper for further
STEM study, including technical careers, and to the strong reciprocal relationship between
mathematics, computational thinking, and preparation for STEM careers, the project included
teachers from these disciplines.
The INITIATE Professional Development (PD) program encompassed the following
components:
a. Preliminary technology session prior to each Summer Institute (SI)
b. Two-three week, all day course in the summer (Summer Institute)
• Modeling PBL lesson plans centered around robotic smart cars: multiple examples
• Teachers develop their own project and lesson plans for implementation
• Daily Debriefing
c. Monthly meetings during the academic year (Professional Learning Community)
d. Graduate Assistant support during the academic year
The INITIATE program was designed to highlight key teaching behaviors in mathematics
and CTE instruction that promote reasoning, problem solving and providing students with tools
and technology to experience mathematics from multiple entry points. Each year, a 2-week
Summer Institute was organized at the University of Toledo (Ohio) to bring each year’s cohort
of high school teachers together for formal workshops and interactive lectures to provide the
support necessary to develop lesson plans that incorporate the implantation of PBL and
computational thinking in their classrooms using robotic smart vehicles.
Self-driving cars are beginning to gain traction as a form of Intelligent Transportation
Systems, and “Look Ma, no hands!” could be the mantra of automobile drivers in the near
future. In their very essence, autonomous vehicles are powered by computers through
complete automation, wireless sensors, video cameras, and artificial intelligence. This
technology formed the basis of the project-based learning foci of the program.
To help the teachers understand how project-based work looked, the teacher PD
focused on a project-selected driving question “How can autonomous smart vehicles affect the
differently abled people of our society?” To explore this overarching driving question, the
following five sub-questions were developed in a collaborative manner with teachers that cut
across multiple math and CTE courses:
1. What are the demographics and needs of differently abled people in Toledo?
2. What routes need to be planned in Toledo?
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3. How can we make smart cars safer and more convenient for the differently abled
population?
4. Do smart buses meet the needs of the differently abled population?
5. How will attractions like the Toledo Zoo use smart car technology for differently abled
people?
To explore these driving questions in the classroom through the lens of PBL,
autonomous/robotic smart vehicle kits, GoPiGo™, (Figure 1) built using Raspberry Pi technology
were purchased from Dexter Industries (www.dexterindustries.com/store/#gopigokits).
Figure 1
(L) Side view and (R) Front view of GoPiGo3™ robotic smart car built on Raspberry Pi technology.

The operating system for the GoPiGo™ robotic smart vehicle, DexterOS, is built-in.
Programming the GoPiGo™ is achieved using Bloxter™ (Figure 2), a browser-based and userfriendly graphical programming language for learning coding with robots, also provided by
Dexter Industries (https://www.dexterindustries.com/introducing-bloxter-the-graphicalprogramming-language-for-learning-coding-with-robots/).
Figure 2
Screenshot of Bloxter coding page from a web browser.
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The teacher PD also involved a preliminary technology training session prior to the start
of each Summer Institute to familiarize teachers with the use of a robotic smart vehicle and its
inherently user-friendly Bloxter coding. The INITIATE program was designed to highlight and
model key teaching behaviors in mathematics and CTE instruction that promote reasoning and
problem solving as well as providing students with tools and technology to experience
mathematics from multiple entry points.
A critical part of the Summer Institute included having the teachers conceptualize their
own driving question for a project centered around the autonomous smart vehicles and
develop their own lesson plans to be implemented in their classrooms over the course of the
academic year. As modeled in the Summer Institute, they were encouraged to collaborate
across mathematical and CTE topics to link lessons focused on an overarching driving question.
Beyond the Summer Institutes, we continued our engagement with teachers through
the academic year. Our graduate assistants were available through email and classroom visits
when teachers needed help with coding, hardware issues on the robotic smart vehicles, or
assistance in the classroom when engaging their students with project developed lessons. Each
month during the academic year, we held a Professional Learning Community (PLC) session at a
host secondary school. During these sessions, teachers had an opportunity to stay connected
with one another, get support from graduate assistants and faculty, and, importantly, give
presentations on the lessons they deployed in their classrooms. In the lessons, teachers
discussed the engagement of their students in PBL, content that was covered in potentially new
ways, and the excitement the teachers noticed in their students. These presentations led to
conversations with the larger group about successes and challenges.
INITIATE Professional Development Scope and Schedule
The PD specifically aligned to the National Council of Mathematics Teachers (NCTM)
principles and standards (https://www.nctm.org/Standards-and-Positions/Principles-andStandards/Principles,-Standards,-and-Expectations/). The program started each year with a
Summer Institute held in the summer prior to the start of a given academic year. The sequence
for activities in the Summer Institute centered around the overarching driving question and its
sub-questions, as depicted in Figure 3.
Modeling PBL and CT in our Summer Institutes experienced multiple stages of evolution
during the planning stage. An example is illustrated in Figures 4a and 4b, to emphasize the
learning curve involved when transforming from traditional learning to PBL. This example
focused on sub-question 1 within our overarching driving question – “What are the
demographics and needed of differently abled people in Toledo?” Exploring the driving question
involved using technology for data retrieval from multiple public sources, organizing and
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analyzing the data (cutting across three math courses: Algebra 1, Algebra 2, and Statistics and
Probability), and drawing suitable conclusions. There were two key take-away points:
a. The initial PBL model in the first year started off in a top-down hierarchy in which the
class engaged in data retrieval, making sense of data, and problem solving (Figure 4a).
Although this encompassed many salient features of PBL, some key aspects like
collaboration were missing.
b. This model then evolved into splitting the class into intra- and inter-dependent groups
that could work in parallel on different aspects of the project and then collaborate with
each other and share data to synergistically fit the pieces of the puzzle to ultimately
answer the sub-question (Figure 4b). This second iteration was much more successful in
that it more closely modeled how PBL should evolve in a classroom with students being
more self- directed.
Figure 3
Summer Institute 2020 timeline depicting the incorporation of multiple math and CTE courses into the
project

T. Ponnaiyan, C. M. Czerniak, A. Javaid, A. Mathur, S. Majumder, J. Oluoch, & T. Shockey

99

Southeast Asian Journal of STEM Education
Vol 3 No. 2 July 2022

Figure 4a
Hierarchical Summer Institute 2020 timeline depicting the incorporation of multiple math and
CTE courses into the project

Figure 4b
Summer Institute 2020 timeline depicting the incorporation of multiple math and CTE courses
into the project
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In a similar fashion, the remaining sub-questions and their inherent lesson plans were
collaboratively developed for the Summer Institute. The detailed schedule for a 3-week long
Summer Institute, including the preliminary “technology session” to familiarize everyone with
operating the autonomous smart vehicles, is depicted in the Appendix.
Sample INITIATE Professional Development Lesson Plans
For each of the sub-questions with the overarching driving question in the Summer
Institute, multiple lesson plans were developed using a standard template. A sample PD lesson
plan developed as part of sub-question 2 (“What routes need to be planned in Toledo?”) is
provided to illustrate the application of speed, distance and time in the context of statistical
methods of data analysis (averages and standard deviations) to design different routes for the
autonomous smart vehicles to travel, as part of the Statistics course. The lesson plan is titled
“Routes- Investigations for Designing Routes.”
In these example lessons where teachers were given two routes, they are hypothetical
ones that merely use the names of real-world destinations. This was implemented for the sake
of simplicity as this particular lesson plan was the first one within sub-driving question #2 and
was meant to serve as an icebreaker. A subsequent lesson plan (#3- Designing a route for
autonomous paratransit service) within the same sub-driving question was built on the previous
ideas and students used an actual map of Toledo city to design their own set of routes from
scratch thereby making it a predominantly learner-initiated problem-solving activity (see link in
the next section).
Link to all INITIATE PD lesson plans
Across the lessons, we integrated STEM with social issues (accessibility for differently
abled people), research, writing, and communication (Table 1). A complete set of all our PD
lesson plans (two versions: a two in-person program and a three-week online program)
developed for the Summer Institutes are publicly available at
https://www.utoledo.edu/research/initiate/less onPlansPD.html
Table 1
Lesson Plan Outline
INITIATE Lesson Plan: Routes – Investigations for Designing Routes with Links
Lesson plan at a glance:

In this lesson plan…(Links)

Name

Routes – Investigations for Designing Routes

●

Lesson Overview

Course

Statistics

●

Materials and Equipment

Grade level

9th to 12th
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Prerequisites

Speed, Distance and Time; Average and
Standard Deviation

Time

Preparation: 10 to 15 minutes
Instruction: 80 minutes

Standards

Common Core:
• S-IC: Making Inferences and Justifying
Conclusions - Make inferences and
justify conclusions from experiments,
observational studies and sample
surveys.
• S-ID: Summarize, represent, and
interpret data on a single count or
measurement variable.

●

Preparation Tasks

●

The Lesson

●

Learning Objectives and Standards

●

Additional Information and Resources

Lesson Overview
The smart car uses many statistical methods and data analysis tools to provide a safe and
comfortable ride. Along with this, the smart car needs to perform efficiently. The smart cars
today use GPS modules without which they would not be able to operate. In this lesson, an
experiment is to be conducted to find the total time taken by the smart car when going from
point A to B using two different routes, R1 and R2, by writing two different programs to
traverse each route. Once they are done writing the programs, the students need to calculate
the total time taken on each route. They will perform this experiment three times and will find
the average time taken in traversing each route. They also need to find the standard deviation.
Based on the average time taken and the standard deviation, they infer which route should be
taken to reach point B from A.
Driving Questions
Overarching Driving Question:
• How will autonomous vehicles affect the differently abled people of our society?
Lesson Specific Question:
• What routes need to be planned for these smart buses in Toledo?
o What are some of the functionalities that your autonomous paratransit bus
should have?
Materials and Equipment
For the student:
○ Required:
■ A smart car kit [one (1) kit per three (3) students recommended].
■ An Android tablet/Chromebook connected to the smart car.
■ A cardboard with the map of the routes.
■ A stopwatch.
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Preparation Tasks
•
•
•

Check whether all tablets are working, connected to the smart 5 to 10 minutes
car, and have sufficient battery in them.
The markings on the cardboard must be clearly visible.
To check whether the smart car is working, try to run the smart
car using a single command to make the car move forward for
2 seconds.

The Lesson
Warm-up Activity: Information Gathering and Brainstorming

10 minutes

Activity 1: Speed of GoPiGo

30 minutes

Activity 2: Optimal Route

30 minutes

Wrap-up: Conclusions and Inferences

10 minutes

Warm-up Activity: Information Gathering and Brainstorming (20 minutes)
Activity Overview: In this activity, the lesson is introduced and useful information is
provided about the activities that follow.
Activity:
Demonstrate how Google maps can find the route from Bowsher High School to Franklin Park Mall
using the tablet.
OR
A short video on “How Google Maps find the best route for you”
(https://www.youtube.com/watch?v=hxI1SmcDBpk) (Google Incorporation, 2016)
Google the techniques used by Google Maps to determine the best route. Answer the following
questions:
1. Do these techniques involve Math in any way? If yes, then what topics do they think are
involved in the computation? If not, then how do they do it?
2. What factors do you think are considered while calculating the quickest path?
Conclusion:
Google/Apple collected all the available road data, including speed limits, traffic lights,
drawbridges, etc., and then use statistical analysis tools (formulas for calculating average, standard
deviation, etc.) to find Estimated Time of Arrival (ETA).
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Teaching Tips:
The teacher can use an online discussion board to host these questions where students can
actively discuss the warm-up questions with the teacher and peers. The teacher can act as a
moderator so that the students can stay on the discussion.

Activity 1: Speed of GoPiGo (30 minutes)

•
•
•
•

Problem Statement: Find out the average speed of GoPiGo through experiments.
Run the smart car for 2, 3, 4, 5, 6, 7, 8, 9, and 10 seconds.
Consider the Time and Distance covered and complete a table as shown below.
Find the Speed for each pair of values.
Then take the average of all values of speed and find the average speed.

Section 2: Gathering Data (45 minutes)
Students can be given separate cars. They will run the smart cars for the given times. For each run,
they will measure the distance (by measuring tape) covered by the smart car. The Distance is then
recorded into the table. The speed for each time is calculated using the following formula:
Speed = Distance/Time.
Section 6: Analyzing the Solution (10 minutes)
An average of all the values of speed is the actual speed of the GoPiGo.

Teaching Tips:
● Students can record their experiments in a video and send to the teacher.
● The teacher can use an online portal such as Google Classroom (Google Incorporation,
2018), Blackboard, etc. to create a questionnaire, and the students can submit their answers
there.
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Activity 1: Optimal Route (30 mins)
Problem Statement: Find the fastest route from Franklin Park Mall to Toledo Zoo, given
there are two routes, R1 and R2. Start from Franklin Park Mall. The speed limit is given in
percentages, while the distance on each road is given in inches.
1) Represent the data in the diagram in the form of separate tables for both the routes R1
and R2 (Table 2).
The table must contain:
• given information and constraints (speed limits and distance on each road),
• time taken at stop sign is (3 seconds),
• time taken at traffic light is (6 seconds),
• Calculated information (total time taken).
2) Based on the Map (below) displayed to them they will have to devise an algorithm to
traverse the route (OPTIONAL)
3) Program the GoPiGo smart car. (OPTIONAL)

Base route from Franklin Park mall to the Toledo Zoo.
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Table 2
Suggested data entry table template with preliminary sample data

Solution
1) Filling out the Table (15 minutes)
•
•
•

In the Speed (%) column enter the percentage speeds of each route.
In the Distance (in) column enter the distances given for each path.
Use the average speed of GoPiGo that you calculated the previous Activity to be the maximum
speed of the GoPiGo here. The percentage values can now be converted to in/s for all speed
percentages.
• Use the Speed-Distance-Time formula to calculate the time for each path on both the routes.
Here, the total time taken is calculated using the following formula:
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒"
𝑇! = $
+ 𝑁𝑜. 𝑜𝑓 𝑠𝑡𝑜𝑝 𝑠𝑖𝑔𝑛𝑠 × 3 + 𝑁𝑜. 𝑜𝑓 𝑇𝑟𝑎𝑓𝑓𝑖𝑐 𝐿𝑖𝑔ℎ𝑡𝑠 × 5
𝑆𝑝𝑒𝑒𝑑"
Where, TR is the time taken by a specific route R.
• Sum up the time taken on each path for both routes. The one with lesser value is the quicker
route.
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2) Devising an Algorithm (15 minutes)
Divide the class into 2 groups. one group will traverse R1, while the other will traverse R2
Use the following information to devise the algorithm.
There are three rules for devising this algorithm.
Sample rules:
● Travel the route R1 and R2, as seen in Figure I, following the map precisely.
● At a stop sign, stop for 3 seconds and then move again.
● At a traffic signal, stop for 5 seconds and then move.
Use Google Docs to record your devised algorithms.
Teaching Tips:
● For students good in algorithm design, the teacher can ask those students to devise an
algorithm that can traverse the path or give an idea on how this functionality can be achieved.
3) Running the Program (45 minutes)
The algorithm devised in Activity 1 is to be converted into a working program on Bloxter (Dexter
Industries, 2016). The program is to be written on the bloxter interface opened on a tablet.
• Open the bloxter interface on the tablet. This interface comes up when the smart car is
connected to the tablet.
• Use the appropriate command blocks and change the values as per the algorithm and fix them
one after the other to complete the algorithm. For example, Figure II shows how the blocks
need to be connected to each other. This is the program to traverse R1.
• After writing the program, run the program once or twice to check if it is working properly.
• Now place 2 cars at Franklin Park Mall, one programmed to traverse R1 and the other
programmed to traverse R2. The two cars can be run separately, and time can be recorded
using a stopwatch.

Teaching Tips:
● In case of an online lesson plan, the teacher can skip parts 2 and 3.
● The teacher may give one GoPiGo to some students and ask them to video record their parts 2
and 3 and send it.
● For students good in algorithm design, the teacher can ask those students to devise an
algorithm that can traverse the path or give an idea on how this functionality can be achieved.

T. Ponnaiyan, C. M. Czerniak, A. Javaid, A. Mathur, S. Majumder, J. Oluoch, & T. Shockey

107

Southeast Asian Journal of STEM Education
Vol 3 No. 2 July 2022

Wrap-up: Conclusions and Inferences (10 minutes)
Activity:
The following questions can be asked for the wrap-up.
• Which route came out to be the best based on the experiment and the statistical analysis?
Were there any differences in the results of the two activities?
• Do you think that what we designed today is the most efficient way of designing an optimal
route finder? Can you think of a way to make this process a little dynamic?
• What did we learn in this lesson?
There are a lot of different ways to make the process more dynamic. Like taking input parameters from
a database and then finding the best route, instead of programming the car to follow just a specific
route.

Assessment:
Collect students’ reflections. Assess for thoughtful, complete responses and experimental
understanding. The students’ interest in STEM.
Learning Objectives and Standards
Learning Objectives
LO1: Analyze a problem and
suggest possible solutions.

LO2: Identify which route took
the minimum time.
LO3: Verbalize a plan (an
algorithm) for the whole
process.
LO4: Code the smart car to
run as per the requirement in
the question.
LO5: See the mathematics
behind everyday things.
LO6: Make inferences and
justify conclusions based on
the observations made both
by numerical analysis and
experimentation.

Standards
Computer Science
CSTA L1:6.CT.6: Understand the connections between computer
science and other fields.
CCSS.MATH.PRACTICE.MP1: Make sense of problems and persevere
in solving them.
Common Core:
• S-IC: Making Inferences and Justifying Conclusions - Make
inferences and justify conclusions from experiments,
observational studies and sample surveys.
• S-ID: Summarize, represent, and interpret data on a single count
or measurement variable.
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Additional Information and Resources
Project-based Learning Features
Feature

Where does this occur in the lesson?

Driving
Question

Here our driving question is what are some of the functionalities that your
autonomous paratransit bus should have? The autonomous bus should be able to
find the quickest route to reach its destination and should be able to answer
whether the passenger will reach on time.

Making Sense of In all the activities we are collecting analytical and experimental data and trying to
Data
come up with a conclusion based on it.
Investigation & Here the students are investigating the quickest route taken and the various
Problem Solving technologies involved in finding the quickest route to reach from one place to the
other
Technology
Incorporation

The data are stored in Google sheets, and most of the information presented is
published on Google Classroom. They are also using a smart car prototype to do
the experiments.

Collaborative
Opportunities

In the Activities designed, the people involved in the lesson are working in groups.
They share their ideas and knowledge with each other, leading to Collaborative
Learning Opportunities. They are also sharing their results and other observations
in Google Classroom where they can see the results of others and learn as a group.

Assessment
techniques

Assessment is done on whether the program is achieving the desired functionality,
the efficiency of the program, the results obtained, and the conclusions are drawn
based on the experiments conducted.

Computational Thinking Concepts
Concept

Where does this occur in the lesson?

Algorithm Design

In this lesson, all the activities require the use of a computer program for
which an algorithm is necessary. In all the activities, we are developing
algorithms to make the car achieve a certain functionality.

Pattern
recognition

To follow the routes precisely, a pattern is observed in Activity 2.

Decomposition

In Activity 2, two programs had to be written. So, the whole problem was first
decomposed into 2 parts, one being R1 and the other being R2. And further
decomposing each route into separate paths. In Activity 3 and 4, the different
scenarios need to be programmed separately by decomposing the problem.
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Administrative Details
Contact info:

www.utoledo.edu/research/initiate

Sources:

Dexter Industries. (2016). Bloxter. www.bloxter.com
Google Incorporation. (2016). How Google Maps find the best route for you.
https://www.youtube.com/watch?v=hxI1SmcDBpk
Google Incorporation. (2018). Google Classroom. classroom.google.com

Date Written: 04/20/2021
Template
adapted
from:

https://edu.google.com/resources/programs/exploring-computational-thinking/

Classroom Teacher’s Lessons
As noted earlier, the Summer Institute provided opportunity for the teacher cohorts to
develop their own STEM-integrated PBL driving question and lesson plans that could be
implemented in their high school classrooms over the course of the academic year. This
involved multiple math courses (Algebra 1, Algebra 2, functions and Trigonometry, and
Statistics) and CTE courses (Robotics, Manufacturing Technology, and Design Architecture).
Link to teachers’ lesson plans
Samples of teachers’ lesson plans developed during the Summer Institute are available
at: https://www.utoledo.edu/research/initiate/lessonPlansTeachers.html
Conclusion
This article describes a teacher PD program and presents lessons created for the PD as
well as lessons teachers created for their own classrooms. In the fourth year of the project, we
followed up with the teachers from all three cohorts and found most were still using the
project-based approach in their classrooms. Some teachers from cohorts 1 and 2 requested
extra resources, so we offered extra car kits, Chromebooks, and accessories so they could
continue the work in their classrooms.
As this is not a research paper, we do not present research methodology, data tables, or
detailed research information presented elsewhere. However, we summarize some findings to
demonstrate the effectiveness of the project on teacher outcomes.
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Below we present a few quotes from teachers (Shockey & Czerniak, 2021a, b), that
illustrate their reactions to the project-based work in their classrooms and the level of student
engagement:
•
•
•

•
•
•

“Students are really engaged.”
“Couple girls say, I love coding.” For this teacher this was very meaningful that her
female students felt “it’s not that hard” and they were interested to learn more.
“This student actually, usually doesn’t do anything at all, but everybody get involved,
everybody get on the floor and measure;” “They are very excited;” After this was over
“yeah, they go back to not doing anything.”
“I wish I could do more of it, I wish there were less of the math that we do teach and
more of the let’s go investigate this kind of stuff and see what’s out there.”
“He worked by himself, which I was really surprised because I’ve known him since third
grade…to see him build his confidence was really awesome.”
“Graphing linear equations is still not covered until chapter three, and I was amazed
that after I did two examples on the board that students were ready to get into
GeoGebra, using their Chromebook (laptops), and were engaged 100% in technology”
(Note: https://www.geogebra.org –Ed.)

Quantitative research presented elsewhere (Acumen, 2021) demonstrated positive
outcomes on teaching:
• Pre and post observations of classroom teaching using the Electronic Quality of Inquiry
Protocol (EQUIP) (Marshall, Smart, & Horton, 2010), which measures factors associated
with inquiry instruction, found prior to participation in the INITIATE Summer Institute,
teachers in general displayed inquiry-based instruction at the “Developing” to
“Proficient” Inquiry levels with the Instructional factor showing the greatest degree of
proficiency. When the teachers were observed again after their participation in the SI,
there were more occurrences of “Exemplary” ratings across each of the four factors as
well as improvements in both the mode and median scores. Overall, the teachers
improved the most on the Assessment and Curriculum factors; however, there was
more room for gain on these factors based upon pre-Institute scores.
• The median rating showed an increase in the post-Institute classroom observations on
the “Instructional Strategies,” the “Order of Instruction,” and the “Teacher Role,”
indicators. For “Instructional Strategies,” teachers moved from primarily lecturing to
cover content to using student-led investigations to promote strong conceptual
understanding. Regarding “Order of Instruction,” teachers encouraged and expected
students to explain concepts rather just the teacher explaining everything. Finally,
teachers moved away from being the center of the lesson to acting more like a
facilitator for students to learn in their own way.
• The teachers showed overall improvement on the “Complexity of Questions,”
“Questioning Ecology,” and “Classroom Interactions” indicators, moving from the
Developing Inquiry category level to the Proficient Inquiry level on each scale. These
suggest that teachers had increased success in engaging students in more open-ended
discussions and did a better job of challenging students to explain and justify their
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•

•

•

answers. Combined, these three indicators reflected that teachers had increased
success in engaging students in more open-ended discussions and did a better job of
challenging students to explain and justify their answers.
Teachers showed increases on all indicators on the post observations indicating that
they used assessment to enhance critical thinking by encouraging students to reflect on
their learning at an understanding or authentic level. During post-observations teachers
also solicited information to assess student understanding and took the next steps of
using that information to adjust the instruction.
While teachers improved on all indicators, the most dramatic gains were in “Learner
Centrality” and “Organizing and Recording Information.” The increase in “Learner
Centrality” suggests that teachers became more flexible in allowing individual students
to explore and learn at their own pace as well as design and carry out their own
investigations. The “Organizing” indicator reflects that teachers gave students more
independence in how they organized and recorded their data and findings (as opposed
to prescribing a set way). The result is a more experiential learning experience for the
students.
Measures of teacher computational thinking demonstrated statistically significant
increases after the program.
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Appendix
INITIATE Summer Institute Schedule 2020
Weeks 0-3

Summer Institute 2020 Schedule – Weeks 0-1
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Summer Institute 2020 Schedule – Week 2

Summer Institute 2020 Schedule – Week 3.
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