Using Phenomena in Units and Lessons Designed to Meet the South Carolina College- and

Career-Ready Science Standards 2021

What are phenomena in science and engineering?

Natural phenomena are observable events that occur in the universe and that scientists
use their science knowledge to explain or predict. The goal of building knowledge in
science is to develop a general understanding of ideas, based on evidence, that can
explain and/or predict phenomena.

Engineering involves designing solutions to problems that arise from phenomena and
using explanations of phenomena to design solutions.

In this way, phenomena are the context for the work of both scientists and engineers.

Why are phenomena such a big deal?

Despite their centrality in science and engineering, phenomena have traditionally been a
missing piece in science education, which too often has focused on teaching general
knowledge that students can find difficult applying to real world contexts.

Anchoring learning in explaining phenomena supports student agency for wanting to
build science and engineering knowledge. Students can identify an answer to "why do I
need to learn this?" before they even know what “this” is. In contrast, students might not
understand the importance of learning science ideas that teachers and curriculum
designers know are important but that are unconnected from phenomena.

By centering science education on phenomena that students are motivated to explain, the
focus of learning shifts from learning about a topic to figuring out why or how
something happens. For example, instead of simply learning about the topics of
photosynthesis and mitosis, students are engaged in building evidence-based explanatory
ideas that help them figure out how a tree grows.

Explaining phenomena and/or designing solutions to problems allows students to build
general science ideas in the context of their application to understanding phenomena in
the real world, leading to deeper and more transferable understandings.

Students who come to see how science ideas can help explain and model phenomena
related to compelling real-world situations learn to appreciate the relevance of science.
They get interested in and identify with science as a way of understanding and improving
real world contexts. Focusing investigations on compelling phenomena can help sustain
students’ science learning.

How are phenomena related to the South Carolina College- and Career-Ready Science
Standards 2021 and three-dimensional learning?

The Science Standards focus on students using science to make sense of phenomena in
the natural and designed world and using engineering to solve problems.

Learning to explain phenomena and solve problems is the central reason students engage
in the three dimensions of the Science Standards. Students explain phenomena by
developing and applying the Disciplinary Core Ideas (DClIs) and Crosscutting Concepts
(CCCs) through use of the Science and Engineering Practices (SEPs).



Phenomena-centered classrooms give students and teachers a context in which to monitor
ongoing progress toward understanding all three dimensions. As students are working
toward being able to explain phenomena, three-dimensional formative assessment
becomes more easily embedded and coherent throughout instruction.

How do we use phenomena to drive teaching, learning, and assessment?

The intent of using phenomena to drive instruction is to help students engage in practices
to develop the understanding necessary to explain or predict phenomena. Therefore, the
focus is not just on the phenomenon itself. It is the phenomenon plus the student-
generated questions about the phenomenon that guides the learning and teaching. The
practice of asking questions or defining problems becomes a critical part of trying to
figure something out.

There could potentially be many different lines of inquiry about the same phenomenon.
Using the phenomenon of tree growth, a 7" grade teacher might want middle school
students to develop and apply DCIs about photosynthesis; alternately, a 5™ grade teacher
might want students to learn and apply DCls about producers and consumers. In each
case, teachers should help students identify different aspects of the same phenomenon as
the focus of their questions.

Students might ask questions about a phenomenon that motivates a line of investigation
that isn’t grade appropriate or might not be effective at using or building important
disciplinary ideas. Teacher guidance may be needed to help students reformulate
questions so they can lead to grade-appropriate investigations of important science ideas.
It is important that each and every student is supported in working with phenomena that
are engaging and meaningful to them. Not all students will have the same background or
relate to a particular phenomenon in the same way. Educators should consider student
perspectives when choosing phenomena and should prepare to support student
engagement in different ways. While starting with one phenomenon in the classroom, it is
always a good idea to help students identify related phenomena from their lives and their
communities to expand the phenomena under consideration. For example, when teaching
toward Kindergarten DCI PS3.B about how sunlight warms the surface of the Earth, a
teacher could notice that students don’t have experience with hot sand and instead engage
the group in observations of hot concrete. When necessary, teachers can engage the class
in a shared experience with a relevant phenomenon (for example by watching a video).
Not all phenomena need to be used for the same amount of instructional time. Teachers
could use an anchoring phenomenon or two as the overall focus for a unit, along with
other investigative phenomena along the way as the focus of an instructional sequence
or lesson. They may also highlight everyday phenomena that relate investigative or
anchoring phenomena to personally experienced situations. A single phenomenon doesn’t
have to cover an entire unit, and different phenomena will take different amounts of time
to figure out. Finally, analogous phenomena should be used during assessment to
provide students the opportunity to show their ability to transfer their understanding to a
novel phenomenon not encountered during instruction. This can provide evidence that
students are truly making sense of the target DCI(s), SEP(s), and CCC(s); not simply
recalling an experience in the classroom.



What makes phenomena effective for use in instruction?

The most powerful phenomena from an educational perspective are meaningful, relevant,
or consequential to students. Such phenomena highlight how science ideas help us
explain aspects of real-world contexts or design solutions to science-related problems that
matter to students, their communities, and society.

An appropriate phenomenon for instruction should help engage each and every student in
working toward the learning goals of instruction. The phenomenon needs to be useful for
teachers to help students build the targeted pieces of the DCIs, SEPs, and CCCs. For
example, engaging in discussions about redshifts of light from galaxies is unlikely to be
helpful in moving 5 grade students to a grade-appropriate understanding of 5-ESS1-1,
which, at the 5™ grade level, focuses on the relationship between star brightness and
distance from Earth.

The process of developing an explanation for a phenomenon should advance students’
scientific understandings. If students already need to know the target knowledge before
they inquire about the phenomenon, then the phenomenon is not appropriate for initial
instruction (although it might be useful for assessment).

Students should be able to make sense of an anchoring or investigative phenomenon, but
not immediately, and not without investigating it using sequences of the science and
engineering practices. With instruction and guidance, students should be able to figure
out, step by step, how and why the phenomenon works.

An effective phenomenon does not always have to be flashy or unexpected. Students
might not be intrigued by an everyday phenomenon right away because they believe they
already know how or why it happens. It takes careful teacher facilitation to help students
become dissatisfied with what they can explain, helping them discover that they really
can’t explain it beyond a simple statement such as “smells travel through the air” or a
vocabulary word, such as “water appears on cold cans of soda because it condenses.”



Table 1. How should we change our thinking about phenomena?

Prior thinking about phenomena:

Thinking about phenomena through the 2021
Science Standards:

If it’s something fun, flashy, or
involves hands-on activities, it must
be engaging.

Authentic engagement does not have to be fun or flashy;
instead, engagement is determined more by how the
students generate compelling lines of inquiry that create
real opportunities for learning.

Anything students are interested in
would make a good “engaging
phenomenon.”

Students need to be able to engage deeply with the
material to generate an explanation of the phenomenon
using target DCIs, CCCs, and SEPs.

Explanations (for example
“electromagnetic radiation can
damage cells”) are examples of
phenomena.

Phenomena (for example sunburn, vision loss) are
specific examples of something in the world that is
happening—an event or a specific example of a general
process. Phenomena are NOT the explanations or
scientific terminology behind what is happening. They
are what can be experienced or documented.

Phenomena are just for the initial
hook.

Phenomena drive the lesson, learning, and
reflection/monitoring throughout. Using phenomena in
these ways leads to deeper learning.

Phenomena are good to bring in
after students develop the science
ideas so they can apply what they
learned.

Teaching science ideas in general (for example teaching
about the process of photosynthesis) may work for some
students, but often leads to decontextualized knowledge
that students are unable to apply when relevant.
Anchoring the development of general science ideas in
investigations of phenomena helps students build more
usable and generative knowledge.

Engaging phenomena need to be
questions.

Phenomena are observable occurrences. Students need
to use the occurrence to help generate the science
questions or design problems that drive learning.

Student engagement is a nice
optional feature of instruction but is
not required.

Engagement is crucial. Students who do not have access
to the material in a way that makes sense and is relevant
to them are disadvantaged. Selecting phenomena that
students find interesting, relevant, and consequential
helps support their engagement. A good phenomenon
builds on everyday experiences: who students are, what
they do, where they come from.




Table 2. How could this look in instructional materials?
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More like this...

Less like this...

5-PS3-1, 5-LS1-1, 5-LS2-1, & 5-PS1-1

Phenomena as leader: Over time, dead things disappear!

The teacher presents the students with a strange thing they have
observed — a dead racoon on the side of the road — and asks students to
predict what they think will happen to that racoon over time.

Students are asked how they might test their predictions.

The next day, students watch a time-lapse video of a badger
decomposing and record observations and questions they have.

The class shares their observations and questions in a class discussion
recorded on chart paper; the teacher uses this information to help inform
the next lessons on matter cycling and decomposition.

Over the next few days, students conduct investigations that will provide
evidence for what they saw in the time-lapse, such as conducting
investigations about insects, mold, diffusion, and conservation of matter.
The goal of the unit is to scientifically make sense of what happened to
the badger in the video from the evidence collected in investigations.

Content as leader: Everything is broken down by decomposers.

Students read about decomposers and answer questions
about decomposers, and construct food webs including
decomposers using the reading and notes from class.
Students take notes on a lecture that reviews the reading and
includes some full class and partner discussions about
decomposers and food webs.

At the end of the unit, the teacher shows students a fruit that
has been kept in a bag for a few weeks — it has become soft
and moldy. Students describe what happened to the fruits
using their readings and notes from class.

P-PS2-4 & P-PS3-5

Phenomena as leader: Pie pans fly off a Van de Graaff generator without
being touched!

The teacher presents students with some strange things they have
observed — hair gets staticky in winter or packing peanuts seem to stick
to cats. Students make predictions and express initial ideas for what is
happening.

Students observe a Van de Graaff generator with pie pans stacked on top
of it — each pie pan flies off the top without anything touching it.
Students generate observations and questions about the phenomenon.
Over the next few days, students conduct investigations to discover
patterns in how things stick together or push apart, and investigate how
charge influences this behavior.

In the second half of the unit, students investigate how changing factors
influence this behavior (Coulomb’s Law).

The goal of the unit is to scientifically make sense of what happened
with the Van de Graaff generator using the evidence collected in
investigations.

Content as leader: Coulomb’s Law shows the relationship
between magnitude of change, distance, and force.

The teacher delivers a presentation on Coulomb’s Law and
electrostatic forces that defines terms and explains
connections. Students practice problems calculating the force
on both charges and establishing how forces change as the
distance and magnitude of charge change.

Students do a static electricity lab with balloons, charging a
balloon with different levels of charge and recording the
distance from a wall where the balloon falls or sticks.
Student conclusions from the lab require evidence statements
based on the content from the lecture and calculations from
sample problems.
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