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Department of Defense (DoD) Virtual STEM 
Programs for PreK-12 Students 

By: Dr. Sandra Yarema | Director of Undergraduate Studies & Teacher Certification Programs
Teacher Education Division, College of Education, Wayne State University
Dr. Barbara J. Light
Dean of the College of Education and Liberal Arts
Lake Superior State University
Greg Chappelle
DoD STEM Coordinator & HBCU/MI Liaison Officer 
U.S. Army DEVCOM GVSC
Aaron Tadgerson 
Bay Mills Indian Community  
DoD/Native Liaison, Brimley, MI

Pre-service student teachers enrolled in the Teacher Education Program at Lake Superior State University (LSSU) 
have engaged pre-school students in multiple STEM-related lessons, as part of a pilot program offered at two 
early childhood centers at LSSU and in Sault Ste Marie, Michigan. The program was initiated through a partnership 
between the Department of Defense (DoD), LSSU, Wayne State University (WSU), and the Bay Mills Indian 
Community. The DoD promotes new and innovative ways to form mutually beneficial relationships with like-
minded organizations and technical associations that have similar STEM goals, specifically serving students from 
underserved populations and military dependents. The DoD fosters three primary goals:
• STEM Literate Citizenry – Broaden, deepen and diversify the pool of STEM talent in support of our defense 

industry base.
• STEM Savvy Educators – Support and empower educators with unique DoD research and technology resources.
• Sustainable Infrastructure – Develop and implement a cohesive, coordinated, and sustainable STEM education 

outreach infrastructure across the DoD. 

The program’s coordinator, Greg Chappelle, U. S. Army STEM Coordinator and Historical Black Colleges & 
Universities (HBCU) Michigan Liaison Officer, continually works to inspire under-represented students toward a 
future that includes higher education and promotes access to STEM careers. The DoD requested that Chappelle 
organize early- learning STEM opportunities for children enrolled in a DoD affiliated pre-school program, 
modeled on previous successful collaborations for K-12 STEM programs, between these partner institutions and 
representatives.

The PRE-K STEM program was initially intended for pre-service student teachers enrolled in the Early Childhood 
Teacher Education Program at WSU, under the supervision of Dr. Sandra Yarema, Director of Undergraduate 
Studies & Teacher Certification Programs. Student Teachers were to design and conduct a series of STEM related 
lessons or activities suitable for 2-5 year-old pre-school students at the child-care center located at the U.S. 
Army Development Command- Ground Vehicle Systems Center (DEVCOM-GVSC), in Warren, Michigan. To support 
and empower these educators, the student teacher participants would be paid as interns for the delivery of each 
lesson, funded by the DoD.  Due to the COVID-19 pandemic, WSU students were limited to virtual, remote contact 
during the winter semester, and were unable to take part in the planned program. WSU students will hopefully be 
included in this opportunity in the upcoming fall semester. Fortunately, collaborating partners at LSSU did have 
pre-service student teachers available to design and perform planned STEM activities at their local operational 
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pre-school centers. Expansion of the program to include pre-school centers in the Bay Mills Tribal Community is in 
development for the next school year.

Under the supervision of Dr. Barbara J. Light, Dean of the College of Education at LSSU, ten student teachers 
applied and were selected to participate in a paid internship to create and teach STEM lesson activities to impact 
more than 40 pre-school children, at two pre-school centers located on or near the LSSU campus. Each intern was 
directed to develop two different STEM-related lessons or activities, and teach each one twice, to engage a group 
of 2-5 year-old preschool students at each center. Dr. Light approved each of the interns’ lessons and observed 
their teaching. Interns were paid after delivery of each approved lesson activity and submission of a written 
reflection to self-assess if the stated objectives of the lesson were met. 

Lesson activities included: constructing and launching paper rockets on a drinking straw, building tower structures 
out of spaghetti noodles and marshmallows, comparing the buoyancy of different objects in water, observing 
a model tornado and discussing safety in severe weather conditions, comparing physical properties of rocks, 
observing chemical reactions, using various materials to construct bridges, creating bubbles, identifying and 
creating patterns, classifying materials, and practicing using a standard system of measure. The pre-school 
students also engaged in the scientific practices of: asking questions, defining problems, describing how they 
might find solutions, making predictions and observations, using supporting evidence to explain reasoning, and 
comparing alternate explanations and solutions to problems.
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This program provides exposure to STEM concepts and practices, to engage young children in activities that 
develop their knowledge and interest in STEM topics. Pre-service teachers also benefit from these experiences and 
are supported as they develop the skills and knowledge needed for effective teaching that promotes learning.

The DoD has cooperatively promoted K-12 STEM engagement for more than 50 years at WSU through programs 
such as the Junior Science & Humanities Symposium (JSHS), and the Detroit Area Pre-College Engineering Program 
(DAPCEP).  Additional institutional partnerships were previously developed with the DoD more than ten years ago, 
as part of a summer camp program conducted by the U.S. Army DEVCOM-GVSC, and coordinated by Greg Chappelle. 
Traditionally held on location, the camp brought DoD and civilian STEM professionals and educators to several 
tribal communities across Michigan’s lower and upper peninsulas, facilitated by Aaron Tadgerson, Bay Mills Indian 
Community and DoD/Native Liaison.  For the past decade, camp sessions would occur multiple times each summer, 
hosted by each of the designated tribal communities. In 2020, in response to the COVID-19 Pandemic, the DOD’s 
existing collaboration with WSU was extended to provide all the camp sessions virtually, via Zoom technology. 
As the host institution, WSU had the opportunity to provide university resources to the camp participants as 
well connect the students to a variety of institutions and create more opportunities for historically marginalized 
populations. The Zoom platform was coordinated by Dr. Sandra Yarema, WSU, and April Hines-Jenkins, School 
Leader at Cèsar Chavez Academy (Leona Group, LLC), and doctoral student, in the College of Education at WSU.

Sixty-seven participants in grades 6-9 were registered to attend one of two sessions of the two-day camp. Each 
session was comprised of two afternoons of STEM lessons, with various STEM-focused talks between them.  
Campers connected with distinguished individuals from WSU, Harvard University, NASA Research Center at Lewis 
Field, National Oceanic & Atmospheric Administration (NOAA), Notre Dame University, University of Windsor, the 
Isle Royale Institute, Michigan Technological University, Michigan State University, Lake Superior State University, 
Leaders from the Bay Mills Tribal Community, Keweenaw Bay Ojibwa Community College (KBOCC), U.S. Department 
of Natural Resources (DNR), City College of New York and the Director of the U.S. Army JROTC program at Cass 
Technical High School, in Detroit. Sessions included activities and discussions on subjects such as astronomy, bio-
diversity, electro-magnetism, fishery management, geology, history, lake ecology, mathematics, meteorology, optics, 
physics, robotics and space travel. Students completed pre- and post-camp assessments and assignments on the 
off-day between the scheduled days of the camp.

The response from all camp attendees and STEM presenters was so enthusiastic that the camp format was adapted 
to offer a DoD K-12 Virtual STEM Saturday Sessions, once a month, from September 2020- May 2021. More than 40 
students registered for the Saturday program sessions, similar in format to the summer camp, to engage in STEM-
focused lessons and talks with STEM professionals.  

This STEM programming is an investment into the community for the contributing institutions. Through the 
partnerships with the Department of Defense, these programs can provide increased exposure to STEM-based 
learning for underserved and underrepresented k-12 students across Michigan.

Interested students (Grades 6-9) may register for upcoming Virtual STEM Camps:
Session I- July 27 & 29; 1:00 – 4:30 p.m. EDT
Session II- August 10 & 12; 1:00 – 4:30 p.m. EDT

Register Now: tinyurl.com/DoDSTEMCamps 
Please address any questions via email to: dodstemcamp@wayne.edu 

http://tinyurl.com/DoDSTEMCamps
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Long Walk to Water: Project Based Learning, Fresh 
Water Literacy and Artistic Expression 

By: Christina Marvin and Melisa Overway
Reeths-Puffer Intermediate (2020 Dan Wolz Grant Winner)

Being the Dan Wolz Grant winner in 2020 was so excting!  My co-teacher and I were motivated to use project 
based learning to teach our fifth grade students about where our water comes from and how other parts of the 
world do not have the same access to clean water as we do. Like many other things in 2020, our plans were 
drastically changed due to COVID.  However, we were so grateful to have the opportunity to work with the classes 
in 2021 on this project!

Through this “Long Walk to Water” project, there were a few goals. One goal was 
to discover where our clean water comes from and where our dirty water goes.  
Another goal was to help students to become more aware of the water crisis 
around the world and recognize many kids their age sacrifice so much in order 
to meet their basic needs. Our last and also main goal was to guide students in 
being able to recognize the strength that dwells within people regardless of the 
circumstances they face. As humans, we have a tendency to focus on the negative 
parts of unfortunate situations rather than recognizing the good or the strength 
that comes from working through the struggle. 
 
This project started with the book titled, A Long Walk to Water, by Linda Sue Park.  
In the book, we followed a “lost boy” from Sudan fleeing from a war near his 
village and also a 10 year old girl who walks for water twice a day for her family. 
Working through this project allowed kids to get a glimpse of the struggle that 
many face by having to walk for water. As a group loaded up our own gallon jugs and jerry cans to walk to the 
Muskegon River (3 miles there and back). We filled up and carried them back for 3 consecutive days. This was so 
eye opening for many kids. It was hard work. They began to find more gratitude for the things they had easy access 
to. We used this experience to drive many conversations about what strength looks like and the many ways people 
can demonstrate their strength.
 
In beginning reading this book, students began to wonder about their own water.  We were fortunate enough to 
be able to meet virtually with local water experts to answer the question, “Where does our clean water come from 
and where does our dirty water go?”  We learned from Mr. Barnard at the Muskegon County Resource Recovery 
Center our dirty water is cleaned through a process that includes farming! We also met with Mr. Buthker from 
the Muskegon Water Filtration Plant and learned our clean water is 
brought in from Lake Michigan and cleaned for people with city water, 
fire hydrants, and businesses.  Thanks to Mr. Plummer, a local plumber, 
we were able to understand how and why clean water comes out of 
pipes in our home.  All along the way we were experimenting with water 
and questioning processes. This information also helped us to make the 
realization that we, in Michigan, are lucky to have access to such a large 
fresh water source. 
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Using our community contacts, what we were learning through our research and reading, we were able to 
understand the water crisis is real and we can do something to help. This was also when conversations about 
strength began to morph beyond physical strength. Students were recognizing the sacrifices others made to 
provide clean water for their families.
 
The next step was to research water charities, both locally and globally, to gain insight into their missional work, 
their support and level of human impact. The students chose a charity based on their research they wanted to 
support. 

As a public product and the piece of this project that allowed our own 
students to have a great deal of human impact, they each created a piece 
of art that represented STRENGTH. Each piece of art was unique to the 
talents and interests of the student artist and the money raised by the 
sale of each piece would go to the water charity the artist chose. 
  
At the conclusion of the project a check for $1,873 was sent to Waves for 
Water, a global charity that focuses its efforts on getting clean water to 
everyone who needs it. A check for $1,277 was sent to Water for South 
Sudan, a charity that provides access to clean and safe water in South 
Sudan. And 135 weeks of clean water were purchased through Mudlove, 
a company that partners with Water for Good providing clean water to 
people in the Central African Republic. 
 
We love the way this project showed the students the level of impact they are capable of making. We are grateful 
for the community partners that helped us understand the processes and resources here in West Michigan. We all 
took away a deeper sense of what strength looks like and perhaps better tools for recognizing it. As a community 
of learners working through PBL we are astounded at the level of engagement and long lasting impact this work 
continues to foster. We are certain that all those involved in making this project a success will remember it for 
years to come.
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Helping Students to Use and Revise Science Models

By: James McDonald
Central Michigan University

Introduction
It is important we define modeling through the lens of the NGSS. A model is a dynamic representation of a 
student’s current understanding of an event, system, or process.  Science educators say they are dynamic because 
they change over time as students begin to understand more about the content. Models are tools for sense-making.  
They should be used to improve student understanding over time and expose misconceptions.  They are not just 
tools used to evaluate students.

Another explanation of models can help educators at all levels provide additional support to students.  Models 
help scientists and engineers understand, visualize, or develop solutions to problems.  Models are essentially 
external representations of what students are thinking or planning in their minds.  Both students and teachers 
think that models need to be three-dimensional physical replicas.  There are many types of models including 
diagrams, drawings, dioramas, storyboards, dramatizations, formulas, and computer simulations (It’s Still Debatable).  
Students models are often presented in a tentative manner on whiteboards. 

It is also important that students are responsible for creating the model.  Teachers should not be providing 
students with step-by-step instructions for creating the model.  Instead, teachers can provide guidelines that help 
students understand what their models should include.

Two scaffolds teachers can use to support students are that models are developed over time and it is all right for 
initial models to contain mistakes.  Ideally, students develop their model over the course of a lesson sequence 
instead of a single lesson. So, they will revisit their model several times over the course a lesson sequence.  Each 
time, their model will be revised.  Gradually, student models will become more detailed and accurate. 

Student models will initially contain some gaps and misconceptions.  Students will have misconceptions and 
misunderstandings when they are introduced to a new concept.  Students will create an initial model with a simple 
drawing at the start of a lesson sequence.  One suggestion is that teachers do not provide students with any 
guidelines.  Then, after students have obtained more information, we will come up with a list of components that 
should be represented in the model.  Often, Crosscutting Concepts are used of that different aspects of science can 
be used to help us with this task. As a class, you can decide what makes a good model and come up with some 
general criteria as a class.

A scientific model is a representation of a system or a phenomenon in the natural world that can be shared 
with others and revised over time in response to new evidence and understandings. These representations can 
take the form of drawings, diagrams, or even flow charts. Models help predict and show relationships among 
variables between systems and their components in the natural and designed world(s).  Scientists use models 
to make unobservable events and processes visible so members of their community can pose new questions for 
investigation that may result in changes to the model, and to construct better for how the natural world operates.
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Models are central to disciplinary work, therefore drawings and revisions of drawings, are everywhere—as seen on 
whiteboards in laboratories, recorded in the pages of scientists’ notebooks, and displayed at scientific conferences.   
Students are more than capable of illustrating their thinking of complex phenomena through drawing and writing.  
Their models can also be used to generate questions, think about what information they still need, and revise 
explanations, and revise explanations.

In our classrooms, modeling should not be a one-time event.  It is a dynamic process that unfolds over time 
as students gradually change their understandings of an event or process being studied” (Ambitious Science 
Teaching).  As they learn more, students may add cause and effect relationships , discard some parts of a model, 
or realize labels to reflect different or new scientific language.  The Harvard Graduate School has offered some 
supports to use with students when using scientific models.

Models usually contain only features that are important for understanding the system or phenomenon they 
represent and leave extra information out.  To use a physics example, in making a model of pulleys and weights, 
students might draw the pulleys, the strings or ropes, the weight and perhaps who was exerting a lifting force, and 
the forces themselves.  What might be left out are features of the object being lifted and the details of the person 
or thing doing the lifting.

Suggestions for Teaching Modeling

• Make time for modeling before discussing concepts with the class. This gives students think time 
and the opportunity to share ideas that they have had a chance to consider. Don’t be surprised 
when more students engage in the conversation—not just your fastest thinkers!

• Have students draw models before they write an explanation. They can think as they draw and then 
write a strong explanation.

• Have students to draw models at multiple steps in exploring a concept, for instance, before, during 
and after a demonstration.

• Develop a language of modeling with your class. Students will adopt conventions that work to 
solve certain problems, for instance showing a zoomed-in view of something microscopic.

• Invite students to draw models to show how two ideas are connected, for instance, how higher and 
lower pressure accounts for windows being pushed out during a hurricane and for liquid moving 
up a straw.

• Use models as a point of discussion. Ask students to comment on what they see as working well 
about a model and what they would modify, or change based upon specific evidence.

• Invite the co-construction of models as often as possible. Work towards models that “make sense” 
to the class.

• Invite students to tell you whether they find a concept to be sensible (they can grasp it), plausible 
(they see it as a possible explanation) and/or believable (they believe it to be so.) This separates 
understanding from acceptance of a concept.

• Encourage students to generate “rival models”—different ways of explaining the same event—
as often as possible. This encourages flexible thinking and resists over-investing in one model. 
However, if they already have a firm idea in mind, they need to grapple with it.
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Revising Models Based on New Evidence and Ideas
Models are meant to be changed.  After a few lessons, students will want to revise some of their original ideas 
and add new ones.  They might want to change cause-and-effect relationships, or question hypotheses that they 
put into their initial models at the same time, students are “often reluctant to reconstruct models that they have 
invested time and energy in” (Ambitious Science Teaching).  Students’ hesitancy can reflect the thinking , from 
years of schooling, that any product for a class is final, and that if you change your thinking , it means that your 
initial ideas were wrong.  Students do not like writing  on top of their original models, or even worse, starting all 
over again on a blank piece of paper.  There are times, though, that help make the revision process interesting and 
engaging for students rather than frustrating and assist them to see the value of rethinking their initial models.

One way to overcome this hesitancy is to have students use colored sticky notes directly to the first models is a 
helpful way for them to indicate how ideas can change with new information or evidence.  Each color represents 
a specific kind of comment.  The four scaffold for revision found in Figure 2 reflect the ways that scientists change 
models: adding an idea, revising an idea, removing an idea, and posing a new question.  The students decide what 
kind of changes they want to suggest, select the appropriate colored note, compose the comment and then apply 
it to the model.  Notice that there are no categories for commenting on how artistic the drawing and how neat the 
handwriting is.  Keep the comments relevant to the thinking and concept.

With a little practice, students become better at offering productive forms of feedback to peers.  Early in the school 
year, have the students practice placing notes on their own models after a few lessons.  When they learn how to 
look at their own models and provide comments the reasons for requesting changes.  A full sentence requirement 
on this will help students begin to shape parts of a final written explanation that will eventually accompany their 
drawn models.

These notes also serve to make students’ thinking visible to others.  As you walk around the room, you may end up 
visiting the group who wrote the comments and notice their notes.  You can easily ask some questions to check 
their thinking and get them to explain more while they are working on their ideas.  Students may then unpack 
more of their reasoning and conclude that some of their ideas are not a good thing to add to the model.

Types of Models to Use with Students
Middle school students and teachers can use diagrams, simulations, physical models and other approaches to 
represent a phenomena.  One type of model that can be helpful to students for a unit on weather and climate (see 
NGSS Connection) is a simulation.  Simulations can be helpful to students in the science practice of developing 
and using since they generate rules (models) to explain behavior they observe in a simulation; discuss how the 
simulation is a model of a scientific phenomenon;  compare data collected from the simulation model to what 
would be expected from other models; can use the simulation model as a tool to make or test predictions; and 
can Identify and discuss the particular simplifications or limitations of the simulation model (Price, Wieman, and 
Perkins, 2019, p. 47).

When talking about climate, most people think about the climate of a familiar region. They can visualize how rainy 
their region is during summers and know what type of weather to expect in the winters. Understanding the climate 
of a single place—likely the place where they live—is the first step in comprehending the enormity of what is 
meant by global climate. Climate is studied and measured at a very large scale, ultimately encompassing the entire 
Earth system, and over long periods of time, from decades to centuries.
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We burn fossil fuels such as oil, natural gas, and coal to obtain the energy that was trapped in the chemical bonds 
of those fuels. However, the primary source of the vast majority of energy on Earth is the sun. The sun continuously 
emits energy into space in the form of electromagnetic radiation. When this energy reaches Earth’s atmosphere and 
surface, it interacts with matter in the air, ocean, land, and life. In these interactions, solar radiation from the sun 
can be converted into other forms of energy such as heat and chemical energy.

Teaching Tip: One way to help students understand energy is to encourage them to create an energy story line. 
An energy story line traces how energy changes form as it interacts with matter on or near Earth’s surface. When 
teaching about Earth’s global energy balance, help students build a story about how the sun’s energy changes 
forms when it interacts with air and land surfaces.

Teaching Resource: There is an interactive model from the Concord Consortium that allows students to show the 
relationships between temperature, carbon dioxide, and water vapor. Just as in real life, the only factor you can 
control is the amount of CO₂ emissions. Experiment with the Human Emissions slider to observe what happens to 
temperature and water vapor when carbon dioxide levels change.

A Collaborative Gallery Walk to Receive Feedback on Science Models
After sharing an initial model, using science simulations (sims), and other learning opportunities students can 
make their revised models public in a collaborative manner in order to receive feedback.  This also provides a 
chance to affirm the work that students have done and gather suggestions for making their models better.  One 
instructional approach is to have a gallery walk of science models (Francek).

Student would post their models around the room.  Since all students are in the same place, students will be in 
a position to offer constructive suggestions and comments on one another’s models.  Using sticky notes, students 
can use the procedure using sentence stems to provide those comments.  Ambitious Science Teaching (AST) calls 
this a foothold practice that are procedure and instructional practices.  Footholds refer to beginning routines 
that teachers use with students, to introduce them to ambitious work (both the teacher and the students). These 
routines boost participation by students and expand the rigor of the work they can do together, while being 
manageable for the teacher who is attempting new practices. Teachers then become comfortable with these ways 
of supporting intellectual work and create variations on these practices, often creating innovations that can get 
spread throughout their classroom. Footholds lead to the use of other AST routines that extend the power of these 
initial practices.

Prior to doing this for the first time, teachers go over how to provide the feedback (affirming and constructive), the 
use of the sentence stems and the corresponding color of sticky notes to place the right kind of comments, and the 
way for students to go through all of the models.

Conclusion
Models motivate students to ask new questions and to propose new ideas.  Modeling also make student thinking 
visible.  Modeling makes students reasoning public and available to their peers which will make every students’ 
explanations better.  Finally, the process of modeling helps students see the value of changing their thinking in 
response to new evidence and ideas.  Support your students in ways that allow them to be successful.  Walking 
away with understanding is the most important thing we can do to support our learners. 
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Improve: We think (evidence from a lesson, activity or text) supports part of our model, but we want to 
add __________ to make it clearer and more accurate.

Change: We think that (evidence from a lesson, activity or text) supports part of our model but we want to 
change _________ to make it more accurate.

Take Out: We think (evidence from a lesson, activity or text) contradicts _________ in our model, and we 
want to remove it or find out more about it.

Questions: We still have questions about _____________.

Figure 2: Adapted from Ambitious Science Teaching. Scaffold of Revising Initial Models.
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Standard

Performance Expectation
MS-ESS2-6: Develop and use a model to describe how unequal heating and rotation of the Earth cause patterns 
of atmospheric and oceanic circulation that determine regional climates.
https://www.nextgenscience.org/topic-arrangement/hsweather-and-climate

Dimensions Classroom Connections

Science and Engineering Practice

Developing and Using Models

Modeling in 6-8 builds on K-5 experiences and 
progresses to developing, using, and revising models 
to describe, test, and predict more abstract phenomena 
and design systems.

Develop and use a model to describe phenomena (MS-
ESS2-6)

Students need to make initial models to explain their 
understanding at the beginning of the unit in order for 
the teacher to determine the level of understanding for 
each student and to see if there are any misconceptions 
that need to be addressed.  Also revising models allows 
students to update their thinking and show it as new 
parts of the system are learned.

Disciplinary Core Idea
ESS2.D: Weather and Climate

Weather and climate are influenced by interactions 
involving sunlight, the ocean, the atmosphere, ice, 
landforms, and living things.  These interactions 
vary with latitude, altitude, and local and regional 
geography, all of which can affect oceanic and 
atmospheric flow patterns (MS-ESS2-6)

Students can explore the scope of global climate 
change by looking at data to predict, model and 
determine the impacts of climate change and suggest 
some solutions.  A natural connection to engineering 
could provide an engaging opportunity for students.

Crosscutting Concepts

System and System Models
Models can be used to represent systems and their 
interactions—such as inputs, processes, and outputs—
and energy, matter, and information flows within 
systems (MS-ESS2-6)

Using models can help students to see cause and 
effects visually.  Having the opportunity to revise 
their models can give students the idea that science 
is updated, and it is something that scientists do. Also 
making explanations can help students to make their 
thinking public to peers so that it provides the basis for 
discussion.
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For Want of a Balloon: Adapting for Latex Allergies Leads 
to New Found Excitement for Inquiry Learning in the 
High School Chemistry Laboratory 

By: Jordan D. Smith, M.A.Sci.Ed. 
Teacher of Natural Sciences, St. Patrick Catholic School, Portland, Michigan 
Adjunct Professor, Spring Arbor University, Spring Arbor, Michigan 

Introduction 
For the first time in my teaching career, this year, I had a student with a severe 
latex allergy. In the past, I’ve had students with that condition who were fine as 
long as they didn’t touch latex, but now I had a student who could not so much 
as be in the same room as a balloon! I use balloons for a wide variety of labs and 
demonstrations and not wanting this student (or her classmates) to miss out on 
some of my most exciting lab activities, I started to search for alternatives. 

A number of years ago, I switched to nitrile gloves and even found non-latex 
rubber bands in the school supply catalogue. As it turns out, nobody has come 
up with a suitable alternative to latex that has the same elastic properties and 
allows you to fill a balloon with flammable gas like hydrogen and ignite it for a 
real attention getting, “bang!” My prefered method for this demo to produce hydrogen is sodium hydroxide and 
aluminum because both are available in large quantities inexpensively and produce easily disposable aqueous 
wastes (aqueous sodium aluminum oxide).  The reaction is a bit unusual in that water is not merely a medium but 
a reactant.

2Al + 2NaOH + 2H2O → 2NaAlO2 + 3H2 

After trying inflating a nitrile glove, I also experimented with a variety of non-latex plastic bubble type and shiny 
mylar type balloons with no luck.  I decided to expand my search into plastic bags: shopping type, food storage, 
and even bubbles made of saran wrap.  All ended with the same disappointing result because of the difficulty of 
sealing to a reaction vessel or hose.  Furthermore, when ignited, plastic bags, nitrile gloves and alternative types 
of balloons often simply catch fire instead of igniting the hydrogen gas inside.  I also tried bubbling gas through 
soapy water but didn’t achieve the same satisfying bang due to the low pressure of the gas generation.  

Thinking Inside the Bag
Frustrated by the lack of a suitable alternative and inspired by self inflating novelty balloons, I started thinking 
about what reactions I could do inside a bag instead. These colorful balloon letters and shapes that have become 
a mainstay of birthday and baby shower decor, inflate by the reaction of an acid and a base (usually sodium 
bicarbonate and citric acid) to produce carbon dioxide gas.  

NaHCO3  + H3C6H5O7  → CO2  + H2O + Na3C6H5O7 

Obviously any sort of hydrogen gas producing reaction in a closed container would be ill advised.  My favored 
reaction of sodium hydroxide and aluminum is the basis of the notorious “works bomb” favored by teenage 
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pranksters and often produces enough heat that combined with the pressure of a closed container leads to self 
ignition.  

That train of thought led me to another of my favorite chemical reactions involving explosive gases, namely 
acetylene.  I first learned of the reaction of calcium carbide with water to produce acetylene gas in learning about 
my family history.  Sir Humphrey Davy, who is credited with discovering a half dozen elements, is a distant relative 
on my mother’s side of the family.  As a working chemist, Davy also invented a miners head lamp employing 
the reaction of small quantities of calcium carbide with a slow drip of water to produce a steady supply of the 
flammable gas to produce light.  While I wouldn’t recommend trying this reaction on your head, it works very well 
in a plastic bag!

CaC2 + 2H2O → Ca(OH)2 + C2H2

The reaction of calcium carbide produces acetylene gas and aqueous calcium hydroxide.  It is an exothermic 
reaction but when done on a small scale not so much as to self ignite the flammable acetylene.  The waste 
products are easily disposable by sink and probably make my lab sinks the clearest drains in the school as 
hydroxide salts are the active ingredients in most drain cleaners.  The problem I still faced was the problem that 
igniting a zipper style sandwich bag inflated with acetylene simply melts the plastic.  

Inadvertently overinflating one bag causing it to pop open led to the breakthrough.  All I needed was another 
pair of hands which is where a few of my study hall students got involved.  After inflating another bag I placed it 
in a lab sink then had a student carefully open the bag and back away.  Using a burning splint attached to a meter 
stick I ignited the escaping gas to much the same effect I was hoping for minus the allergy inducing latex balloon.  
For those who have not seen the ignition of acetylene it produces a loud boom, and a cloud of black sooty 
particles from the incomplete combustion.  As with any combustion reaction making sure to have good 
ventilation is important.  

2C2H2 + 5O2  → 4CO2 + 2H2O

The effect, which is a bit messy but visually stunning, is not unlike that of the “snap” in Marvel’s Avengers: Infinity 
War. The students involved started helping me try to perfect the demonstration and really got excited about 
the effort.

Igniting Inquiry
That’s when it dawned on me this is something that could be the basis of a great inquiry based lab activity. I have 
always been hesitant to implement any degree of open ended type labs in my chemistry course because of the 
fear of students getting hurt.  I decided to try it though with stringent criteria.  As this happened near the end 
of the year, and we were just wrapping up our final unit on stoichiometry I challenged my students to use their 
knowledge of stoichiometric conversions to determine the optimal combination of water and calcium carbide to 
produce the maximum amount of acetylene gas without bursting the bag.  Students had to write up and clear their 
investigation plan with me prior to starting and I provided a lot of elbow level support in the lab.  And yet the 
activity was surprisingly vexing for not only the students but also me.  What seemed a simple task involved a great 
deal of not only applying knowledge of molar volumes, stoichiometric ratios and limiting/excess reagents but also 
good old fashioned problem solving.  How do you accurately determine the volume of a plastic baggie?  
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Conclusion
It seemed simple, and yet they struggled.  We struggled together.  It was fantastic!  In the end, together we came to 
the conclusion that using reactants in a stoichiometric ratio is not always desirable as calcium carbide will not be 
able to adequately mix with the water if used in too small of a volume.  Choosing a set excess quantity of water is 
desirable and the quantity of calcium carbide calculated off the volume of the bag minus the volume of the water. 
Despite that realization we still had some discrepancies.  Some bags burst.  The math added up but the results 
were stymying.  It was then that we realized our starting assumption that we were dealing with gases at standard 
temperature and pressure (0 Celsius and 1 ATM) was obviously incorrect.  The heat produced by the reaction threw 
everything off.  

This sparked great discussions on the ideal gas law that made me a bit sad that the school year was nearly over...
otherwise we would have launched into a unit on the gas laws that I have always wanted to include in the course.  
Alas, there was no time.  However, the learning that took place in that last week of school was some of the best 
that took place all year.  After a long, hard school year marred by disruptions due to the COVID-19 pandemic, this 
experience reminded me why I love teaching science...getting students excited for science and finding their own 
“eureka” moment.  Not every chemistry lab can or should end with a literal bang, but this experience convinced me 
to look for new opportunities to inject further inquiry into my chemistry lab experiences to get that same level of 
student excitement and engagement.
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Acid-Base Indicators from Flowers: Safe and Eco-rich

Juwon Park
Graduate Student, Eastern Michigan University
Joseph Kolopajlo
High School Student, Northview High School
Lawrence Kolopajlo
Professor, Department of Chemistry
Eastern Michigan University

By:

Abstract
This paper presents a green chemistry lab activity for high school students to make acid-base indicators from 
ubiquitous flowers and to observe their characteristic colors in different pH ranges.  The purpose of the activity is 
for students to make a safer and greener acid-base indicator that mimics a universal indicator.  Natural indicators 
from flowers are appropriate to use as acid-base indicators because they contain anthocyanins, which show 
sharp color changes at different pH levels.  The benefits of flower indicators are that they are safe to handle and 
inexpensive compared to synthetic indicators.  Moreover, the procedure used to prepare flower extracts is simple 
and safe, so students can make flower indicators in the classroom or a home laboratory.  In this activity, student 
experiments on flower extracts relate to  the concepts of acid-base indicators and pH.  The experiment is extended 
to include visible spectrometry. 

Keywords: High School / Introductory Chemistry, Laboratory Instruction, Hands-On Learning, Manipulatives, Acids / 
Bases, Green Chemistry, Flowers, Dyes / Pigments, UV-Vis Spectroscopy

Introduction
Most standard synthetic acid-base indicators are expensive and harmful for students to handle.  In contrast, natural 
indicators are easily found, safe, and environmentally friendly (Singh et al., 2011; Kapilraj et al., 2019).   Moreover, 
it is easy and safe to extract natural indicators from vegetables, roots, or flowers.  Such plants contain anthocyanins 
that act as weak acids in an aqueous solution, showing obvious color changes in different pH ranges (Ha et al., 
2017; Khoo et al., 2017).  The purpose of this project is to use flowers to determine whether plant-based indicators 
can be substitutes for dangerous chemicals. What’s more, the measured color changes in flower indicators can 
be measured and compared to each other using a visible spectrometer.  The results demonstrate that natural 
indicators give colors as a function of pH that approximate what is obtained with universal indicators.   

Green Chemistry and Sustainability
This experiment can be used to introduce students to the principles of green chemistry (ACS).  Its twelve principles 
aim at goals such as designing safer chemicals, using safer solvents, preventing chemical waste, and accident 
prevention.  In this experiment, alcohol solvent can be replaced with water, the three dangerous chemicals in 
universal indicator are replaced with safe and natural substances, so that less chemical waste is generated, and a 
safer experiment can be conducted.  

Sustainability refers to helping all the people in the world to live well by conserving resources, and using, for 
example, renewable energy.  Green chemistry fits into the concept of sustainability.  Using green chemistry and 
sustainability will hopefully encourage students to learn science and choose it for a career.
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Learning Objectives
Upon completion of this lesson, students will: 

• participate and collaborate in group work
• learn the fundamentals of acid chemistry
• describe the definition of autoionization of water and the pH values
• use appropriate materials and procedures to prepare natural indicators from various flowers
• organize color patterns from extracted indicators as a function of pH
• compare obtained color patterns from different flowers to each other and universal indicators   
• discuss whether flower indicators are suitable as acid-base indicators or not
• predict/propose what color of flowers are best for an acid-base indicator

Correlation to NGSS
The material in this lesson best fits the heading of acid-base chemical reaction theory. When lesson plans were 
aligned with the three major Next Generation Science Standard domains: science and engineering practices, 
disciplinary core ideas, and crosscutting concepts, a set of performance expectations was derived.  They are shown 
in Table 1.  These expectations focus on what students need to understand and be able to do after they perform the 
lessons.  Also, students should be able to apply and extend their understanding of the acid-base reactions of this 
lesson to other types of chemical reactions (NRC, 2012). 

This lesson is an engaging way for students to learn about acid-base concepts while addressing specific NGSS 
performance expectations.  By comparing data collected in these experiments, students develop scientific practices 
while learning content such as pH scales and the characteristics of acids and bases.  Moreover, this lesson asks 
students to construct explanations and to design a solution to find a substitute for expensive and hazardous indicators 
which aligns with NGSS Science and Engineering Practices of Constructing Explanations and Designing Solutions.  It 
also aligns with NGSS Disciplinary Core Ideas, PS1. B: Chemical Reactions, by explaining the chemical process of acid-
bases in solution by the rearrangements of ions.  Finally, this lesson employs the crosscutting concept of patterns.  For 
example, students will notice that flower indicators change colors at different pH levels.  Because the lab procedures 
utilized are safe and easy, this lesson is suitable for a demonstration or a lab activity in the classroom, homeschool, or 
distance learning.

Table 1. Performance Expectations and Related Ideas for Chemical Reactions in Middle School and High School Level 
(NRC, 2012)

Performance Expectations
Students who demonstrate understanding can:
MS-PS1-2 Analyze and interpret data on the properties of substances before and after the substances interact to 
determine if a chemical reaction has occurred. 
HS-PS1-2 Construct and revise an explanation for the outcome of a simple chemical reaction based on the 
outermost electron states of atoms, trends in the periodic table, and knowledge of the patterns of chemical properties. 
HS-PS1-4 Develop a model to illustrate that the release or absorption of energy from a chemical reaction system 
depends upon the changes in total bond energy. 
HS-PS1-5 Apply scientific principles and evidence to provide an explanation about the effects of changing the 
temperature or concentration of the reacting particles on the rate at which a reaction occurs. 
HS-PS1-6 Refine the design of a chemical system by specifying a change in conditions that would produce 
increased amounts of products at equilibrium.
HS-PS1-7 Use mathematical representations to support the claim that atoms, and therefore mass, are conserved 
during a chemical reaction.
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The Role of Anthocyanins as pH Indicators  
Anthocyanins and anthocyanidins belong to large classes of phenolic compounds that impart their natural 
colors to flowers and fruits: red (roses, raspberries), blue (blueberries), purple (plums), and black (blackberries) 
(Gallik, 2013).  Throughout history they have been used as food dyes, pigments for painting, pigments in jams, 
antioxidants, and as light absorbers in solar cells.  They have potential uses in medicine as anticancer agents, 
anti-diabetes drugs, and as antimicrobial formulations (Hock 2017). Structurally, they are phenolic compounds, 
having the characteristic hydroxyl (-OH) attached to a benzene ring.  The phenol can dissociate making this class of 
compounds weak acids. In Figure 1 is shown the structure of phenol, and its acid dissociation equilibrium.

Figure 1.  Dissociation of Phenol

The basic structures of anthocyanins and anthocyanidins are shown in Figure 2. The major difference between 
these  two types of compounds is that anthocyanidins lack a sugar residue present at the R4 position in 
anthocyanins. However, the R groups are always either -H, -OH, or -OCH3.  In the primary anthocyandin structure 
shown on the left in Figure 2, R1=OH, R2=OH,  R3=H, R4 =OH, R5=OH, R6=H, and R7=OH.  On the other hand, in the 
primary anthocyanin structure shown on the right Figure 2, R1=OH, R3=H, R5=OH, R6=H, R7=OH,  Also shown in 
Figure 2 is the fundamental structure of another common plant pigment known as carotene.

Figure 2. Primary structures of anthocyanidin (a), anthocyanin (b) and a-carotene (c).

In 1664, Robert Boyle discovered that flowers such as violets, and plant extracts from litmus, change color in the 
presence of alkali and acid salt.  Boyle had discovered what are now known as acid-base indicators.  Since this 
pioneering event, many scientists have studied this phenomenon.  For example, in 1913, Willstatter discovered that 
anthocyanins and anthocyanidins are responsible for the color changes that Boyle observed as a function of pH 
(as cited in Shiono et al., 2005).  The stunning color changes observed in different pH ranges are due to successive 
acid-base equilibria whose reactants undergo complex structural changes, as will be shown below.

Although both anthocyanins and anthocyanidins impart colors to flowers and fruits, these two compounds differ 
in water solubility. The glucose sugar residue at the R4 position in anthocyanins increases water-solubility.  Unlike 
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anthocyanin-containing plants, orange and yellow plants have carotenes that are insoluble in water because of 
their rigid, long carbon-chains. Because of their water insolubility, carotenes are less sensitive to color changes as a 
function of pH in solution (Meléndez-Martínez et al., 2009; Ellison, 2016).

There are literally hundreds of anthocyanidins and anthocyanins in nature, and Swanson and colleagues (2003) 
reported the most common anthocyanidin structures among flowers and plants. In Figure 3 are shown some 
common structures along with their characteristic colors.  

Figure 3.  Selected structures for six of the most common anthocyanidins 

The Acid Dissociation of Anthocyanins
Anthocyanins and their derivatives are water-soluble vacuolar pigments that appear red, purple, blue, or black 
because of their carbon-carbon double bonds, and their phenol groups that absorb specific wavelengths from 
visible light.  When these compounds dissociate in solution, they act as weak acids.  Let a typical structure of such 
a compound be abbreviated HIn.  In the equilibrium dissociation reaction shown below, HIn donates a proton to 
water forming the hydronium ion, and the anion In-, which is the conjugate base of HIn.  The well-known acid-base 
equilibrium equation given below describes this reaction.  

HIn + H2O ↹ H3O+ + In-

The reverse reaction depends on conditions, such as the concentration of hydrogen ions (Patterson, 1999; Klotz, 
2011).  The higher the hydronium ion concentration, the more the equilibrium shifts left. In other words, the 
concentration of hydrogen ions in solution affects the reversible change of conjugated carbon-carbon double 
bonds and single -OH bonds of anthocyanin structures, and as a result of these changes, the visible light region 
absorbed by this pigment shifts, causing the color changes of the solution (Ha et al., 2017; Khoo et al., 2017).  
Because pH is the logarithm of the reciprocal of the hydrogen ion activity of a solution, as the pH changes, so does 
the color. 

As an example showing how chemical structure changes with increasing pH, consider flavylium, an anthocyanin 
whose various structures are shown in Figure 4. It can be considered a diprotic acid of the general formula H2A+.  
As pH increases it first converts to HA, and then to A-.

1.  H2A+ ↹ HA +  H+             Ka1
2.  HA     ↹  A-  +  H+         Ka2
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The corresponding structural changes are shown in Figure 4 where “I, II, and III” respectively represent H2A+, HA 
and A-.  The solution colors of these three species are red, magenta, and blue respectively.  In Figure 4, in structure 
I on the left, the -OH group deprotonates at position R7 (see Figure 2 for the exact location).  This OH group is the 
most acidic phenol group in the compound.  As it loses a proton, it converts to structure II in which the greater 
electron delocalization over the three rings, shifts absorption peaks to longer wavelengths, transmitting lower 
wavelengths (Dangles et al.,2018).  Likewise when structure II converts to III, a second phenol group (between R 
and R1) deprotonates, again aiding electron delocalization, and a shift to an even longer wavelength.

Figure 4. Flavylium ions are weak diprotic acids that change structure as pH increases.

Experimental

Materials
• Differently colored flowers (purple, red, and yellow) collected from Michigan.
• Beakers, graduated cylinders, paper filters, funnels, pipets, plastic cups, Vernier spectrometer
• 90% isopropyl alcohol, pH buffer tablets (pH 1~13), pH buffer solutions, distilled water

Flowers Used
Pictures of the flowers studied are shown in Figure 5.  However, results for only selected flowers will be included in 
this paper.

Figure 5.  Photos of flowers studied.  Purple flowers in the top row: petunia, hyacinth, and purple loosestrife; Red 
flowers in the middle row: sweet pea, zonal geranium, rose, and mandevilla; Yellow flowers in the bottom row: 
birdsfoot trefoil, dandelion, and black-eyed Susan.

Procedure
Flowers were cleaned and cut into small pieces.  Extraction of the color was done by soaking petals in isopropyl 
alcohol for several hours or until a noticeable amount of pigment was extracted. The mixture  was then strained 
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through a filter funnel.   Only a small amount of alcohol was used to concentrate the color.  However, because 
alcohol is flammable, heat should not be used. An alternative extraction method is to boil flower petals in 
deionized (DI) water.  Although the data collected in this paper was done by extracting flower pigments into 90% 
isopropyl alcohol, it is recommended that students use hot distilled water under adult supervision, or that the 
teacher perform the extraction.

A buffer solution of a certain pH was made by dissolving a pH buffer tablet into 1000 mL distilled water.  Next, 
a specified pH buffer solution was placed in a matching pH-labeled cup (Figure 6) and a small amount of flower 
extract was added.  

Results

Color Changes Compared to Universal Indicators
The color changes of flower indicators in each pH were compared to the color changes of universal indicators.  As 
a reference, Flinn universal indicator was used.  In Figure 6 are pictures of the color patterns of universal indicators 
versus flower indicators.

     Figure 6.  Color patterns of universal indicator versus flower extracts at various pH values. Only red and purple 
flower extracts show significant change in color while yellow flower extract shows minimal change in saturation.

Red and purple color flower extracts showed distinct color changes in different pH solutions due to pH-sensitive 
anthocyanins.  However, yellow flower extracts did not show distinct color changes; they only changed to a darker 
yellow due to pH-insensitive carotenoids.  The color results obtained for different flowers are shown in Figure 7.



23msta-mich.org | Activities

Figure 7. The color changes of flower extracts at various pH levels.  The extract of purple or red color flowers 
showed a significant color change from red to green or yellow, but the extract of yellow flowers showed only the 
saturation changes.

Visible Spectrometer Results

Purple Flowers – Hyacinth, Petunia, and Purple Loosestrife
A Vernier spectrometer was used to obtain all spectral results.  Figure 8 shows a picture of hyacinth flowers before 
extraction and the corresponding visible spectrum of the extract on the right.  The wavelengths of maximal visible 
absorption (λ max) are at 570 nm and 664 nm.  The λ max of 570 nm derives from anthocyanins.  Because this 
pigment is pH-sensitive, the wavelength shifted to 535.5 nm at pH 1, and 615 nm at pH 8.  The small absorption at 
664 nm peak was from other pigments that were not affected by the changing pH and thus appeared at a similar 
wavelength under all conditions.  The corresponding color observed turned from red and then to brown to green.
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   Figure 8. (a) Hyacinth petals.  (b) UV spectrum of hyacinth extract at various pH levels.

On the other hand, the purple petunia extract showed three peaks at 446 nm, 536 nm, and 666 nm.  The flower 
extract was red in the acidic condition, thin yellow in the neutral, and yellow-green in the basic condition.
  
Red Flowers – Sweet Pea, Red Zonal Geranium, Red Rose, and Mandevilla
The sweet pea extract shows peaks at 545 nm at pH 1, 451 nm at pH 4, and 623 nm at pH 9.  The flower dye was 
red in acidic conditions.  However, it was colorless at neutral pH and yellow under basic conditions.

Figure 8 shows the spectra obtained for the red zonal geranium extract absorbs at 527 nm and 666 nm.  The 527 
nm peak shifted to 500 nm at pH 1 and to 595 nm at pH 8.  The λ max at 666 nm was not observed under other pH 
conditions.  The colors observed were red in acid, colorless at pH 7, and yellow-green under basic conditions.

Red rose extract absorbs at 513 nm at pH 1, at 580 nm, and 604 nm at pH 8, but no peaks are shown at pH 13.  The 
flower dye was red in the acidic conditions, colorless in the neutral, and orange-brown in the basic conditions.

Mandevilla extract was red in the acidic conditions, colorless in neutral, and green in the basic conditions.

Figure 9.  (a) Red zonal geranium   (b) UV spectrum of red zonal geranium extract at various pH levels.  The 527 nm 
peak from extract shifted to 500 nm at pH 1 (red), and to 595 nm (gray-green) at pH 8.  
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Yellow Flowers - Birdsfoot Trefoil, Dandelion, and Black-eyed Susan
The color of yellow flower extracts was not much affected by the change of pH in the solution. Only the saturation 
was changed from light to dark yellow. 

Conclusion
Red and purple flower extracts were found suitable for acid-base indicators due to pH-sensitive anthocyanins.  
However, yellow flowers did not function as indicators because the carotenoids in them are not pH-sensitive due to 
their insolubility in water.  The pH dependency of anthocyanin light absorption shifts to the longer wavelengths in 
the acidic conditions and shorter wavelengths in basic solution.  

The process of making flower extracts was simple, safe, and eco-friendly. Any flower with anthocyanin would show 
the color shift from red in acidic conditions to green or yellow in basic conditions.  Besides, students can find these 
flowers around their home and use hot water and household items to practice this experiment at home.  Testing 
acid-base solutions with flower indicators is a proper activity for students to learn the concepts of acid and base 
and practice using household items as lab equipment. 
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Abstract
The Tyndall Effect – the scattering of light through various media of certain colloidal particle size – first studied 
by Irish physicist John Tyndall in the 19th century, can be seen in the classroom, the lab, and home learning 
environment using nothing more than an inexpensive laser pointer, and glasses of gelatin desserts or milk.  Briefly 
here, we will discuss how the phenomenon can be quantified in terms of loss of light or blooming of light, how 
simple trigonometry can be incorporated to show how the laser light spreads with distance, and example points 
where this connects to the NGSS.  

Introduction
Irish physicist John Tyndall, a prominent scientist of the mid-nineteenth century, is the first to have described the 
effect that now bears his name.  From his large body of published work, it appears that he was far more interested 
in how sunlight heated parts of the planet, such as glaciers; but it can be surmised that this interest overlapped his 
realization of, and examination of, the scattering of light.

Perhaps obviously, Tyndall did not have lasers with which to work, and with which to see the scattering of light 
through some medium.  He appears to have examined sunlight and particles suspended in the atmosphere.  
But the use of an inexpensive laser pointer makes it very easy to see light being scattered, through a variety of 
different suspended media, often some colloidal suspension in water.  

Description of the experiment
Although there are several on-line examples of the Tyndall Effect,(1-6) all appear only to show the effect, yet do 
not ever try to quantify the amount of light lost to dispersion as it passes through any medium.  We chose to use 
gelatin desserts as our suspended matter in water – and later, milk in water – since they are easy to make, and are 
not toxic in any way.  Also, the distance across a beaker of gelatin can be measured, multiple beakers of gelatin can 
be lined up, and a pen laser shined through them.

Importantly, we chose to use pen lasers as a light source, as opposed to a traditional flashlight, simply because 
such lasers give a very directed light beam, and are now inexpensive enough that they can be purchased at 
dollar stores.  

Experimental
Gelatin can be mixed according to the directions on the packet, or can be made in a thinner, less concentrated 
form.  It can be poured into any piece of glassware, from beakers or cuvettes for those working in a lab setting, 
to drinking glasses, for those performing this in a home environment.  A pen laser is then directed through the 
gelatin, making the Tyndall Effect visible, as seen in Figure 1.
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If milk is used, it is best to begin with a glass of water and add as little as a 
single drop of milk to the water.  The concentration of suspended material 
in milk is enough that most pen lasers do not shine entirely through a glass 
(or beaker) of milk, even skim milk.

Discussion 
As mentioned, numerous on-line sources exist that show the Tyndall Effect, 
generally through some kind of aqueous-based solution, although other 
media, such as air, can be used.(1-6)  Our experiments attempt to quantify 
the effect, specifically how less light is seen as more containers of gelatin 
or milk are used – how light from the beam is lost through the act of it 
being scattered.  This also can be seen in Figure 1.  As well, we felt that 
one should be able to determine how much the laser’s beam spreads as 
it travels through a medium.  The term for such spreading of laser light 
is “blooming.”  We wished to see if the bloom of the laser source could in 
some way be measured.  

Basic math & trigonometry connections
The distance across any beaker or glass can be measured, and thus the distance of a line of several glasses can be 
determined.  If the gelatin or milk in them is concentrated enough that the laser light ceases to be seen at some 
point – the Tyndall Effect fades away with distance – one can determine what percentage of the laser light is 
scattered by each glass of gelatin or milk simply by dividing by the number of containers.

Interestingly, when laser light shines completely through a glass of gelatin or milk, the Tyndall Effect is seen in the 
glass, but then not through the air beyond, and the laser can again be seen on some far wall or board.  We decided 
to use this to determine how much the laser beam spread or “bloomed.”  The reason we decided upon what can be 
considered a long distance is that it can be difficult to determine a difference in the width of the laser beam at one 
side of a glass of gelatin when compared to the other side, which is only a few centimeters away.  The width of the 
laser spot on a far wall, several feet away, is easier to measure.

The length or diameter of the laser spot on the wall can be measured, and is routinely much greater than the 
width of the laser beam at the start point.  Using the distance it has traveled as one side of a triangle (beam to 
wall), and half the distance of the length of the spot on the wall as another side of a triangle (center of wall spot 
to edge of spot), and knowing that this is a right triangle (there are two, sharing a common side), the angle of 
blooming from the beam point to an edge of the spot can be computed.  When this angle is doubled, this gives the 
amount or angle which the laser beam spreads as it passes through the gelatin or milk solution.  The basics of this 
are illustrated below, in Figure 2.  Using gelatin mixed according to the directions on a packet, and using 100mL 
beakers, we were able to determine that the laser spread at an angle of 2°.  
 

Figure 2: Scheme of laser light spreading as it passes through a gelatin solution

Figure 1: Laser light being directed 
through beakers of blue gelatin

laser pointer

beaker, gelatin 
/ milk

wall

right angle
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Measuring this can serve as an interesting connection between chemistry and mathematics, one that high school 
and college students are able to see, and which they have the ability to determine using nothing more complex 
than a ruler.

For the Future
We did not examine the Tyndall Effect, how laser light dissipates, and how such light blooms when using a variety 
of different laser frequencies, and a variety of different colored medium (different colors and flavors of gelatin).  We 
plan to examine this in more detail in the future to determine if such frequencies make a difference in transmitting 
light, and in blooming of such laser light.  But we have found that the Tyndall Effect can be examined, and not just 
observed, using equipment and materials found in all teaching labs, and in many homes.  
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The Great Pacific Garbage Patch

By: James McDonald
Central Michigan University

Overview
This unit is for Grades 2-3.  This unit outline provides suggestions for how to use existing educational resources 
about plastic pollution in the classroom. Students will learn about the types of plastic debris that collects in the 
sea and propose a solution to help a phenomenon like the Great Pacific Garbage Patch. The unit will emphasize to 
the class the importance of reducing plastic pollution in the ocean. 

This unit combines earth science and engineering to emphasize how humans can cause and then solve a problem 
related to plastics ending up in the ocean environment.  We can all think about an in-depth problem and propose 
solutions that can help turn around an environmental problem.  Students in the early grades need to acquire 
experience of rendering sketches or drawings and then labeling them to communicate their thoughts or ideas.

Objectives
Students will be able to…

• provide examples of plastics that pollute the ocean and their sources.
• describe the roles of humans in contributing to the ocean plastic problem in the ocean.
• discuss the development of solutions to preventing or cleaning up the Great Pacific Garbage Patch and its 

impact on the marine environment.

Teacher Background
The Great Pacific Garbage Patch (GPGP) is an intriguing and publicized environmental problem. This swirling soup 
of trash up to 10 meters deep and just below the water surface is composed mainly of non-degradable plastics. 
These plastic materials trap aquatic life and poison them by physical blockage or as carriers of toxic pollutants. 
The problem relates to materials science and the advent of plastics in modern life, an example of the unintended 
consequences of technology. Through exploring this complex issue, students gain insight into aspects of chemistry, 
oceanography, fluids, environmental science, life science and even international policy. As part of the GIS unit, the 
topic is a source of content for students to create interesting maps communicating something that they will likely 
begin to care about as they learn more.

The ocean conveyor belt is caused by differences in water temperature and salinity. Also known as thermohaline 
circulation, the conveyor belt is a system in which water moves between the cold depths and warm surface in 
oceans throughout the world. “Thermo” means temperature and “haline” means salinity.

Misconceptions
Here are three common misconceptions about the Great Pacific Garbage Patch, and some steps that can be taken 
to remedy the problem:

Misconception #1: The Great Pacific Garbage Patch can be seen from space.
Despite its name indicating otherwise, the Great Pacific Garbage Patch isn’t one giant mass of trash, nor is it 
a floating island. Barely 1 percent of marine plastics are found floating at or near the ocean surface. There is 
now, on average, an estimated 70 kilograms of plastic in each square kilometer of seafloor.
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These individual pieces of plastic are also smaller than one might expect. While some of the debris is large 
and visible – think plastic bottles, children’s toys and toothbrushes – much of it is microplastics, with lots 
of open water in between. “Because microplastics are smaller than a pencil eraser, they are not immediately 
noticeable to the naked eye,” the National Oceanic and Atmospheric Administration (NOAA) says, “It’s more 
like pepper flakes swirling in a soup than something you can skim off the surface.” These tiny bits of broken-
down plastics are pervasive and easily mistaken for food by marine animals (Petsko, 2019).

Misconception #2: It’s twice the size of Texas.
It’s difficult to estimate a garbage patch’s precise size or boundaries because they’re constantly shifting. 
Natural forces like winds and ocean currents can push and pull the debris into new directions, including up 
and down the water column. In other words, while the surface of the patch could span an area that’s double 
the size of Texas, this measurement doesn’t necessarily paint an accurate or total picture of the problem. So, 
while a number of efforts focus on removing plastic near the surface, the true problem lurks in the deep: 94 
percent of the ocean’s plastic can be found on the seafloor (Petsko, 2019).

Misconception #3: Ocean cleanups can solve the garbage patch problem.
Because of the complex forces of nature at work and the miniscule size of microplastics, ocean cleanups 
are not a feasible solution. According to NOAA, it would take 67 ships an entire year to clean up less than 
one percent of the North Pacific Ocean. On top of that, current technologies may cause harm to marine life, 
scooping them up along with the trash they attempt to target. The other issue is that ocean cleanups fail 
to get to the core of the problem. What happens to plastic debris after it’s collected? It certainly doesn’t 
disappear.  Recycling can’t solve this crisis, either. Only 9 percent of all plastic waste every produced has been 
recycled. That’s why ocean cleanup campaigns encourage companies to offer plastic-free alternatives and 
persuade governments to pass legislation limiting single-use plastics. Proactive solutions – not reactive ones 
– will be the key to cleaning up our oceans once and for all. It’s time we disprove the myths and save our 
oceans from the plastic pollution crisis before it’s too late (Petsko, 2019).

Universal Design for Learning
Universal Design for Learning (UDL) is a proactive approach to designing learning experiences to be accessible for 
all students, while differentiation is a reactive evaluation of the needs of individual students where adjustments 
are retrofitted into the learning environment. There are 3 modes of UDL: representation, expression, and 
engagement (Inclusive Education, n.d.).

Here are some UDL suggestions for this unit of instruction:

Representation:  Clarify vocabulary and symbols.  Embed hyperlinks, footnotes, illustrations, diagrams, definitions, 
and explanations to help students with key terms and symbols in a text or drawing. In this unit idea, students 
will develop their own organic and emerging definitions for key terms rather than define terms for students.  The 
interactions with the terms within the context of the information being read in the Explore section will allow 
students to derive meaning from key information.

Expression: Use multiple tools for construction and composition.  Consider sentence starters, sentence strips, 
text-to speech, or speech-to-text software, virtual or concrete manipulatives, spell-checkers, or web applications.  
During the discussion coming after the reading of articles, sentence starters can be used for students to offer their 
thoughts.  Examples include: “I think…”, “I agree because…”, I disagree because…”, and “My evidence for that is…”.



32 MSTA Journal | Summer 2021

Engagement: Optimize individual choice and autonomy.  Provide choices in the tasks of your unit such as levels of 
challenge, context for the task, content, tools to gather or produce information, timing and sequencing, and ways 
to present information.  In this unit idea, several choices are offered in the Evaluate stage for how students can 
present their conclusions and explanations of how to address the issue of plastics in the ocean.

In the 5E Learning Cycle below there are choices provided so you can use to pick the one that will work with your 
own teaching situation and grade level.

Engage 
In the engage stage you get students interested in the topic of the investigation, find out about students’ prior 
knowledge, and ask some probing questions.

Choose an option or two that works for you:
• Read a book or two to the class (from the list at the end of the article) that does not give away the content 

that will be covered during the unit.  Some suggestions appear in the Children’s Literature Suggestions figure.
• As a class, make a list of examples of plastics that enter the ocean and their sources. What problems do these 

pollutants make for marine life? (10 minutes)
• Use an aquarium or large glass container to simulate what plastic in the ocean may look like. Bring into class 

plastic water bottles, six-ring soda-can holders, drinking straws, plastic line, etc., and drop them into the 
water. Swirl the water with a ruler to distribute the items evenly. Ask students to think about the effect that 
ocean currents would have on this debris if it were in the sea. (15 minutes)

• Conduct some sort of formative assessment that would tell you about students’ prior knowledge.  Create one 
that will work for your grade level or group of students. (5-10 minutes)

• Show the introductory video The Great Pacific Garbage Patch as it was reported on Good Morning America 
(ABC Network) to orient students to the topic and generate interest. (5 minutes)

• Key terms to introduce:  Pollution, solutions, Marine debris, ocean currents, Great Pacific Plastic Patch
• Warning about preloading vocabulary: Many science educators focus on pre-teaching technical vocabulary at 

the start of the unit to help students become comfortable with science discourse. This approach is especially 
common with students from historically marginalized communities, in particular emerging multilingual 
students. However, it is much more productive to support learners as they organically develop language 
(terms, phrases) that interprets and explains phenomena, rather than asking them to merely acquire terms. 
Additionally, it is key for equity that educators identify, value, and leverage students’ home languages (STEM 
Teaching Tools, Practice Brief #66).

Explore
Have small groups of students read the articles below (home group).  Then using a jigsaw collaboration method, 
have members from each article group speak to one another so that they can get an overview of the complexity of 
the problem.  The following articles and where they are found are in the Resources section at the end of the article.

• Read about the Great Pacific Garbage Patch to learn how it developed and what impact it is having on the 
marine environment. (20 minutes)

• Read about the various types of Pollution, including a section on water pollution. (20 minutes)
• Marine Debris describes the different types of debris found in the ocean. It also describes the harm done to 

the environment as well as ways we can reduce ocean litter. (20 minutes)

https://www.nationalgeographic.org/../../encyclopedia/great-pacific-garbage-patch/
https://www.nationalgeographic.org/../../encyclopedia/pollution/
https://www.nationalgeographic.org/../../encyclopedia/marine-debris/


33msta-mich.org | Activities

• In Walking the Watershed, learn about Explorer Shannon Switzer as she travels along a San Diego river to the 
ocean to find out why the ocean is becoming so polluted with plastics.   (20 minutes)

• What is an Ocean Gyre and how does it contribute to ocean pollution? Read this article to find out.   
(20 minutes)

Explain
Allow students to regather in their home group to discuss what they found out about the issue.  Have them write 
down some questions, summarize the important information, and prepare to share their conclusions with the rest 
of the class. The teacher will facilitate the discussion by asking probing questions and making sure that students 
are listening to one another, giving eye contact to other students, using evidence to support conclusions and 
explanations, and asking questions of one another.

Elaborate
One way we learn about ocean plastic is through understanding how plastic collects and moves in the ocean. 
Conduct an exploration of this phenomenon by utilizing the following resources (resources are found in the 
resource section at the end of the article: 

• As a class complete the Mapping Ocean Currents, where students learn how ocean water moves, carrying 
plastics far from their origins. (15 minutes) 

• Find out how much garbage can be generated in a week by a single family and connect that information to 
the Great Pacific Garbage Patch in the Perils of Plastic activity.  (1 hour over a week)

Evaluate
• Ask students to draw a picture or a sketch to solve a problem of how to prevent or clean up the Great Pacific 

Garbage Patch or how to reduce the use of plastic at home.
• Ask students to write a letter to a relative or elected official, explaining what they learned about  

ocean plastic. 
• Have students work on an individual or collaborative poster about some aspect of plastics in the ocean.
• Have students work on an individual or collaborative presentation about some aspect of plastics in the ocean.

Resources 

Articles:
Great Pacific Plastic Patch: https://www.nationalgeographic.org/encyclopedia/great-pacific-garbage-patch/
Pollution: https://www.nationalgeographic.org/encyclopedia/pollution/
Marine Debris: https://www.nationalgeographic.org/encyclopedia/marine-debris/
Walking the Watershed: https://www.nationalgeographic.org/article/walking-watershed/
Ocean Gyre: https://www.nationalgeographic.org/encyclopedia/ocean-gyre/

Activities:
Mapping Ocean Currents: https://www.nationalgeographic.org/activity/mapping-ocean-currents/
Perils of Plastic: https://www.nationalgeographic.org/activity/mapping-ocean-currents/

Videos:
Great Pacific Garbage Patch: https://www.schooltube.com/media/GMA+-+The+Great+Pacific+Garbage+Patch/1_826uee8m

https://www.nationalgeographic.org/../../news/walking-watershed/
https://www.nationalgeographic.org/../../encyclopedia/ocean-gyre/
https://www.nationalgeographic.org/../../activity/mapping-ocean-currents/
https://www.nationalgeographic.org/../../activity/perils-plastic/
https://www.nationalgeographic.org/encyclopedia/great-pacific-garbage-patch/
https://www.nationalgeographic.org/encyclopedia/pollution/ 
https://www.nationalgeographic.org/encyclopedia/marine-debris/
https://www.nationalgeographic.org/article/walking-watershed/
https://www.nationalgeographic.org/encyclopedia/ocean-gyre/
https://www.nationalgeographic.org/activity/mapping-ocean-currents/
https://www.nationalgeographic.org/activity/mapping-ocean-currents/
https://www.schooltube.com/media/GMA+-+The+Great+Pacific+Garbage+Patch/1_826uee8m
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Children’s Literature Suggestions for Students in Younger Grades

Fullerton, A. (2021). No More Plastic. PajamaPress.
Isley loves the ocean and everything in it. Well, almost everything. Her heart sinks at the sight of her Atlantic 
Ocean shoreline covered in trash. One day, upon discovering a beached right whale that has starved to death after 
swallowing plastic, Isley decides enough is enough. She steers her family into adopting a zero-waste lifestyle, 
inspiring others to do the same. But when the adults around her give way to apathy and routine, how can Isley 
make sure her whale’s memory inspires lasting change?

Koppens, J. & Engel, A. (2020). Plastic Soup. ClavisBooks.
The animal friends are spending the day at the beach. Frog jumps in the water and comes up with a torn plastic 
bag on his head. Fox thinks Frog looks like a sea monster! But the plastic bag isn’t the only thing that floats in the 
water. Why is there so much plastic in the sea?

Stahl, B. (2019). Save The Ocean. Bethany Stahl.
Save the Ocean tells the story of Kaleisha, a mermaid, and Agwe, a silly sea turtle, who work together to discover 
that Agwe’s favorite food, may not be what it seems! This book teaches about plastic pollution in the ocean.
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Standard

K-2ETS1
https://www.nextgenscience.org/dci-arrangement/ms-ess3-earth-and-human-activity
Performance Expectation (pick one of the following)

• K-2-ETS1-1 Ask questions, make observations, and gather information about a situation people want to 
change to define a simple problem that can be solved through the development of a new or improved 
object or tool.

• K-2-ETS1-2 Develop a simple sketch, drawing, or physical model to illustrate how the shape of an object 
helps its function as needed to solve a given problem.

Dimensions Classroom Connections

Science and Engineering Practice

Asking Questions and Defining Problems

Asking questions and defining problems in K-2 
builds on prior experiences and progresses to simple 
descriptive questions.
• Ask questions based on observations to find 

out more information about the natural and/or 
designed world(s). 

• Define a simple problem that can be solved 
through the development of a new or improved 
object or tool.

Students can propose a solution to plastic getting 
into the oceans through a drawing, sketch, or physical 
model and write a letter to an elected official or a 
relative, explaining what they learned about ocean 
plastics.

Disciplinary Core Idea

ETS1.B: Developing Possible Solutions 
Designs can be conveyed through sketches, drawings, 
or physical models.  These representations are useful in 
communicating ideas for a problem’s solutions to other 
people.

Students can depict a solution to a problem through 
drawing and labeling a sketch or picture of their 
proposed solution to preventing plastics from building 
up in the ocean and analyze the amount of plastic that 
they go through as a family in a week and then connect 
how plastic can work its way into the ocean current 
system.

Crosscutting Concepts

Structure and Function
The shape and stability of structures of natural and 
designed objects are related to their function(s).

Students can determine if their proposed solution is 
the correct shape to help solve the dilemma of plastics 
getting into the ocean environment.

https://www.nextgenscience.org/dci-arrangement/ms-ess3-earth-and-human-activity
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A Simple, Straightforward Approach to Single 
Ion Displacement Reactions

By: Garrett Johnson, Evgenia Koneva, MacKenzie Patterson, Omar Ammoun, Jazmine Scott, Hannah Klatzke, 
Lauren McFarlane, Margaret Iwu, Jaylin Brown, Katelynn Carolin, Mena Morcos, and Mark Benvenuto
University of Detroit Mercy, Department of Chemistry & Biochemistry

Abstract: 
The phenomenon of single ion displacement from solution by a reduced metal is examined in terms of coupling 
a table of metal activities with visually observing a soluble metal salt having its cation displaced by a metal.  
No analytical equipment or instrumentation is required for the experiments, depending rather upon a control 
container of a metal salt dissolved in water.  Connections between this and the NGSS are also presented.  

Introduction
Teaching the concept of metal activities is an old and established one, yet one with which students tend to 
struggle.  Tables of metal activity series are common in textbooks and now on websites.  Learning how to use such 
tables is often merely a matter of memorization for our students, especially if no visual examples are provided.  An 
example of such a table is as follows, although it is not complete for all elements(1):

One of the older, well-established visual examples is the displacement of silver ions from solution by the addition 
of copper metal.  The chemistry can be represented as follows, with the anion being a spectator ion:

2Ag+(aq) + Cu(s) → 2Ag(s) + Cu2+(aq) 

The visual demonstration of this involves making some solution of silver nitrate – a clear solution at virtually any 
concentration – then adding a United States penny dated before 1982 (when they were copper, and not copper-
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coated zinc), and watching what occurs over the course of several days.  Given enough time, the solution turns from 
clear to blue, and attractive, feathery, silver crystals appear on the one-cent coin.  But this is a qualitative example 
of the phenomenon, as are many that are now available online.(2-4)  A more quantitative one exists, which can 
be performed without any instrumentation, can provide students with practice in computing molarity and making 
solutions, and actually has connections to the NGSS at two points.  Student groups have started with copper salts, 
in which copper cations are in solution, then added several of the more active metals to them in reduced form.  
Since the copper salts in solution are blue, the loss of the blue color can serve as an indicator that a single ion 
displacement has occurred.  

Procedure
Several containers of a copper nitrate solutions are made, with care being taken that they are all of the same 
concentration, and that all are kept in containers of equal diameter – such as 100mL beakers.  

A step-by-step procedure is as follows:
• Measure out copper (II) nitrate (for example, 7.03g or 0.0375mol).
• Add the copper (II) nitrate to a 100mL Erlenmeyer flask.
• Add 75mL of distilled water to produce a 0.50M solution (Note: the total solution volume can be less or 

more than 100mL).
• Measure masses of iron, nickel, tin, and zinc metal that are of equal molar amounts to the copper (II) nitrate 

measured in Step 1.
• When the copper (II) nitrate solutions are fully dissolved, with no solid residue, add one metal to each 

solution.
• Importantly, leave one copper (II) nitrate solution untouched.  The blue color of this solution serves as the 

standard against which the other solutions will be measured.
• Solutions do not have to be stirred.  Observe and record comments about each solution / metal after time.  

We made observations at 15 minutes, 30 minutes, 45 minutes, and one week.
• If possible, leave all solutions overnight, or for a week, and observe them the following day, and at the end 

of one week. 

The amounts of copper (II) nitrate used here can be altered, but emphasis is placed on making sure each solution is 
made to the same concentration, be it weight percent or molarity, and that the containers are all of the same size 
and diameter.  We experimented with solutions as dilute as 0.10M and as concentrated as 1.0M.  The photographs 
are of 0.50M solutions.

Observations
The use of containers that have the same diameter may seem like a trivial point, but is an important one that 
enables this experiment to be run with no instrumentation.  By using containers with the same diameter, students 
can monitor and compare the loss of color as reduced metals are oxidized and the copper (II) ions are reduced to 
copper metal.

While this experiment is extremely simple, there are observable changes almost immediately, specifically with zinc.  
After only 5 – 10 minutes, a dark surface is formed on the zinc metal.  A color change to the solution does not occur 
immediately, but the two figures illustrate how dramatically the color does change as zinc is oxidized and copper 
(II) ions reduced.
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The first photograph shows four solutions of copper (II) nitrate minutes after adding iron, nickel, tin, and zinc, and 
one control solution of copper (II) nitrate with no metal added (Please note: the handwriting of the researcher 
is such that the yellow tape that serves as a label appears to state “Co” when it is indeed “Cu”).  Note that in the 
solution containing zinc, on the right side, that a dark solid is beginning to form, copper metal, after only minutes 
have elapsed.  

The second photograph shows the same five solutions after one week has passed.  There are several points to be 
noted.  First, the solution into which iron was placed has become an orange-brown, indicating that the iron has 
been oxidized, but not whether or not complete displacement of copper by iron (II) has occurred.  The solution 
containing nickel has become green, again indicating a reaction has occurred.  Nickel salts, such as nickel (II) 
nitrate, can be dissolved in water to see the color of such a solution, routinely a green, although we did not do so.  
The tin-containing solution appears to have lost some of its blue color.  Importantly, the zinc-containing solution 
has become essentially clear, indicating that the copper (II) ions have been reduced completely, being displaced by 
the more active zinc. 

There are certainly other metals that can be used in this experiment and to show this phenomenon.  Several, such 
as magnesium, aluminum, and manganese, should also give visible results, a loss of blue color.  The choice of what 
reduced metals are used is up to the instructor, and simply must oxidize more easily than copper.
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Conclusions and Directions for the Future
This experiment gives four practical examples that show how single ion displacements work, and how a metal 
activity series table can be understood.  But we have found this experiment or set of experiments can do 
significantly more, including the following: 

• The experiment provides an excellent chance for students to put into practice the idea of computing 
molarity as a practical exercise.  Having students make the copper (II) nitrate solutions gives them practice 
converting mass to moles, then to molarity since the solution volumes are known.

• The experiment can also be used to discuss the relationship between molarity and moles of a salt and its 
stoichiometric equivalent in a reduced metal.

• Displacing copper (II) ions from solutions with metals that will form colorless nitrate solutions is a 
straightforward way to see single ion displacements.  When a solution ends up being clear, as compared to 
a control solution that had no reduced metal added to it, the assumption can be made that complete ion 
displacement has taken place.

• Displacement of copper (II) ions with iron (II) ions does show a pronounced color change to an orange-
brown, although simply observing the solution after time has elapsed does not prove that all copper (II) 
ions have been displaced.

• The NGSS HS-PS1-1 states: “Use the periodic table as a model to predict the relative properties of 
elements based on the patterns of electrons in the outermost energy level of atoms. [Clarification 
Statement: Examples of properties that could be predicted from patterns could include reactivity of 
metals…”  This set of experiments provides a direct comparison among different elements in their reduced 
state and copper (II) ions.(5)

• As well, the NGSS HS-ESS3-2 states: “Evaluate competing design solutions for developing, managing, and 
utilizing energy and mineral resources based on cost-benefit ratios.* [Clarification Statement: Emphasis 
is on the conservation, recycling, and reuse of resources (such as minerals and metals) where possible…”  
While these experiments are not focused on cost-benefit ratios of specific metals, the discussion can easily 
be expanded to the cost of metals like zinc, tin, iron, and nickel, and their cost in relation to copper.(5)  
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