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ABSTRACT

Having to deal with uncertainty is familiar to scientists working in fields that range from the life sciences to data
science, but it can be difficult to support students to embrace and make sense of uncertainty in the middle
schoaol classroom. In this article, we argue that teaching about uncertainty in science education is not only ben-
eficial but necessary for helping students develop a deeper understanding of scientific reasoning and data analy-
sis. We introduce the ABCs of Data—Account for what you know, Be open to evidence, and Consider your confi-
dence—a framework designed to help students evaluate their knowledge and update their understanding based
on evidence. To support this process, we present the Confidence Updater, a free online tool that guides students
in gquantifying their confidence in a hypothesis, interpreting to what extent evidence such as data supports their
hypothesis, and adjusting their confidence accordingly. We also demaonstrate how these strategies integrate into
OpenSciEd materials. We conclude with a brief discussion of the value in making uncertainty something your
students can comfartably and confidently navigate.
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EMBRACING UNCERTAINTY IN SCIENCE: THE ABCS OF DATA AND THE CONFIDENCE UPDATER

n the life sciences, what we know about the cli-

mate has grown from initially tentative claims to

an increasingly rich understanding of the inter-
connected systems that drive the Earth’s climate. In
chemistry, we teach atomic models that are useful,
but in key ways inaccurate: atoms occupy regions
around the nucleus in ways that can best be described
“probabilistically” rather than in terms of discrete
orbitals. And in physics, seemingly straightforward
concepts like a planet have been contested as the
reclassification of Pluto from planet to dwarf-planet
shows. The punchline: science does not yield certain
takeaways. Instead, science yields ideas that can be
updated over time based on evidence that scientists
negotiate within a particular discipline.

This simple assertion—science does not yield cer-
tain takeaways—is often overlooked, both in science
(Cologna et al. 2025) and in our field of science edu-
cation (Erduran 2022) and the middle school curricu-
lum. There are many reasons why, but a key one is
that there is an understandable perception that it is
hard to teach scientific concepts in a way that accords
with their uncertain nature. If we open the door to
science being uncertain, will students trust it? Will
they trust us? And, what if students need to grasp
key, timely concepts—like how and why vaccination
can improve human well-being?

In this article, we claim it is not only okay but nec-
essary to embrace the uncertain nature of science.
Doing so can both help students to develop a deeper,
more nuanced appreciation of science and how it
yields trustworthy takeaways (Manz and Suarez
2018; Watkins et al. 2018). Further, making progress
amidst considerable uncertainty is a key part of
doing data science.

The Key. We must have practical strategies and tools
that make uncertainty something students can more
comfortably discuss, navigate, and share their ideas
about. In this article, we share strategies and tools
from our work with science teachers like you inspired
by a data science approach, Bayesian statistics
(Rosenberg et al. 2022). First, we describe our approach
to making uncertainty and this data science approach
something about which students can be more com-
fortable—what we called in a recent research paper
the ABCs of Data.

Introducing the ABCs of data

There is a growing emphasis on data analysis and
data literacy across educational standards in the
United States in a range of subject areas. The
Common Core, for example, places significant focus
on statistical reasoning from grades K-12 (National
Governors Association Center for Best Practices and
Council of Chief State School Officers 2009).
Emerging domains including data science education
increasingly emphasize computing with data, with
this territory being ripe with debate and initiatives to
understand where data fits best in the curriculum
(Drozda et al. 2024; NASEM 2023). And, of course,
the growing emphasis on data analysis and data lit-
eracy includes standards adopted by many states for
science education (NGSS Lead States 2013).

In the Next Generation Science Standards (NGSS),
many—if not most—of the eight science and engi-
neering practices involve data. These practices stress
the importance of planning and conducting investi-
gations to generate data that forms the basis for evi-
dence; selecting appropriate tools for collecting,
recording, analyzing, and evaluating data; and
addressing the limitations of data analysis—such as
measurement errors and sample biases—when inter-
preting results. Additionally, they emphasize the
application of scientific reasoning, theories, and
models to connect evidence to claims and assess how
well the reasoning and data support conclusions.

We created the ABCs of Data based on scholarship
on how people and scientists interpret data
(Titelbaum 2022; Rosenberg et al. 2022; see Figure 1).
Their function is to make the core processes involved
in the analysis and interpretation of data accessible
and useful to your students. The ABCs do not explic-
itly involve statistics. Instead, they are meant to
serve as tools to support certain types of reasoning
and student thinking, giving them space to be active
participants in the scientific process rather than pas-
sive recipients. The ABCs of Data has three parts:

*  A—Account for what you know. The first step is to
consider what you already know. This part is
meant to encourage students to think about
what they do (or do not) know about a scientific
concept or idea, or a phenomenon. It is

January/February 2026

45



46

FIGURE 1. The ABCs of Data.

important to note that this part involves sup-
porting students to be explicit about how
confident they are in what they believe or
know—the more specific, the better!

e B—Be open to evidence. This step involves the
nuts-and-bolts of analyzing data. Here, the key is
to help students to try to understand what the data
tells them. The crucial take-away from this part is a
decision about how much the data supports (or
does not support) what they already know.

e C—Consider your confidence. This last part
involves combining the results of parts A and B
to reach a data-supported conclusion. Here,
support students to answer the question, given
what you already know and what the evidence
suggests, how confident are you now in your
belief? Like for the first step, it is critical here to
be as specific and concrete as possible.

You might now be thinking, how can I help stu-
dents to do this? We created a free, web-based tool to
support your students to readily complete each of
the above three steps.
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The confidence Updater app

To support students in updating their knowledge
about the world based on evidence, we have devel-
oped the Confidence Updater, a free online app (see
link in Online Resources). Working with the
Confidence Updater involves three steps that are
aligned to the ABCs: first, formulating a hypothesis
and expressing one’s confidence in it quantitatively;
(b) evaluating to what extent evidence supports or
contradicts, or does not relate to the stated hypothe-
sis; and (c) updating one’s confidence in the hypoth-
esis based on the initially expressed confidence and
the available evidence—again, quantitatively. We’ll
share examples of the app in the next section.

Integrating the ABCs of data into
OpenSciEd materials

We have been integrating the ABCs of Data into
OpenSciEd materials (see link in Online Resources;
Edelson et al. 2021; Penuel et al. 2024). These materi-
als are developed with a project-based learning
approach that emphasizes the iterative nature of
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science and engages students in active, evidence-
based inquiry. Although this example uses
OpenSciEd materials, the ABCs of Data can be inte-
grated into any curricular materials that relate to stu-
dents” work with data.

The lesson we use to illustrate how the ABCs of
Data can be integrated into OpenSciEd materials is
Unit 6.1: Light & Matter. In this unit, students explore
the phenomenon of one-way mirrors. They investi-
gate key questions such as: “How does one person
see themselves in the mirror?” and “Why can another
person see through the one-way mirror?”

The unit addresses NGSS performance expecta-
tions MS-PS4-2 and MS-LS1-8. Students learn about
the interactions of light with different materials and
how the eye perceives light. They learn to ask scien-
tific questions in designing their own experiments
and to think using systems and models.

A—account for what you know

Students investigate their questions using a scaled
box model (see Figure 2). The model consists of two
cardboard boxes (or one box divided into two

sections) separated by a one-way mirror. Each
“room”—or part of the box—can be illuminated sep-
arately with a flashlight. Inside each room, small fig-
ures serve as observation targets.

In their first investigation, students observed the
phenomenon with Room A illuminated and with
Room B left dark. They noticed that when looking
through a hole into Room A, they could see a mir-
rored image of the figure on the one-way mirror.
Conversely, when looking into Room B, they could
see the back of the figure there and view through the
one-way mirror into Room A. Students may modify
the lighting setup by (a) illuminating Room B while
leaving Room A dark, (b) illuminating both rooms
simultaneously, or (c) keeping both rooms dark.
Before choosing a lighting setup, students must
draw on prior knowledge to predict what they expect
to observe. They can write a hypothesis about the
outcome and—using the Confidence Updater—
assign a numeric value to their certainty in their pre-
dictions (see Figure 3).

Higher positive values reflect higher confidence
that the hypothesis is true, lower negative values
reflect higher confidence that the hypothesis is false,

FIGURE 2. Example of the box model. Room A is on the left and Room B is on the right.

Image by OpenSciEd [(CC BY 4.0 license.
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FIGURE 3. Formulating a hypothesis using
the confidence updater. Example for the
hypothesis when illuminating Room B and
leaving Room A dark.

and 0 reflects a state of total uncertainty about the
hypothesis. In this example, students were some-
what confident—they chose 55% in their hypothesis:
“We will still see the reflection of the student, but
darker.”

This first step reflects the strategy of accounting for
what one already knows both in terms of writing
down a hypothesis based on one’s prior knowledge
and substantiating one’s confidence in that hypothe-
sis. Further, it also reflects the strategy of being open
to new evidence. When students choose a value of
100% or —100%, they communicate complete confi-
dence. When students choose these values and then
try to update their confidence about the hypothesis
based on evidence, they will find that the evidence
has no effect on their confidence. In this way, being
open to new evidence begins with acknowledging
that our knowledge about the world is not set in stone.

B—Be open to evidence

In the second step, students decide how compatible
the evidence they gathered is with their hypothesis

S§ CI ENTCE
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FIGURE 4. Selecting how compatible the
evidence and hypothesis are.

relative to possible alternative hypotheses by select-
ing any of the options in Figure 4.

Students consider observations made from the
experiment as evidence. One example would be the
inversion of the one-way mirror effect when lighting
room B instead of room A. Observations made by
multiple students or student groups should be
weighted more than observations by single students.
Let’s say that students’ further engagement with the
light box actually gave some evidence that their ini-
tial hypothesis was not seeming to be correct,
reflected in their choice of “-” (indicating that their
hypothesis was not supported by further evidence).

We note that this engagement can be highly com-
plex and multifaceted—this is where students can
work with data small and large to try to understand
how much of their initial hypothesis is supported (or
contradicted) by what they find. Like the first step,
this step reflects the merits of being open to evidence
as students are encouraged to weigh the available
evidence against their own but also against alterna-
tive hypotheses, and to not jump to conclusions. At
the end of the second step, students click on the
“Run!” button to continue with the third step.

C—Consider your confidence

As students discuss their observations in a class-
wide comparison, they use evidence to support
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FIGURE 5. Updated confidence about hypothesis.

their claims and reflect on the limits of their conclu-
sions. For example, what conclusions are strongly
supported by the evidence? What uncertainties
remain? In this stage, students revisit their evidence
to evaluate whether their confidence in their initial
hypothesis has changed. By using the Confidence
Updater, they can quantify how their confidence
changes based on the evidence. The third step
(Figure 5) shows the updated confidence in the
hypothesis based on the selected compatibility of
the evidence with the hypothesis (in this case 55%
and “-”).

If the box “Show numeric confidence level” is
checked, the confidence will also be displayed as a
percentage value. This last step reflects the strategy
of considering what one knows after updating one’s
knowledge based on data as it expresses confidence
in knowledge in grades—in contrast to absolute—
terms. When students choose the numeric confi-
dence levels, this allows them to consider on a finer
grain size how different choices in the initial confi-
dence and compatibility of evidence lead to graded
beliefs about knowledge.

The third step can be the last step in the applica-
tion of the Confidence Updater. However, the
Confidence Updater can also be used iteratively.
Consider for example, that students generated a dif-
ferent hypothesis about which they are moderately
confident, and they collect data and arrive at a mod-
erately high degree of confidence, say, 65%. They can
now return to the first step and set the confidence to
65% and take this value as a starting point for con-
sidering new or extended evidence. This process of
building confidence in a hypothesis is comparable to

how scientific communities build confidence in sci-
entific ideas and even theories—some of which were,
at the outset, only hypotheses.

Conclusion

Uncertainty is something that scientists across
domains ranging from the life sciences to data sci-
ence must consider when they are learning about
phenomena that range from astronomical bodies
and Earth systems to the nature of atoms, but it is a
challenge to bring uncertainty into the middle school
science classroom in a way that does not feel messy
or even scary. In this article, we built on data science
ideas about how scientists and data scientists can
work with uncertainty in a productive way, by quan-
tifying how confident one is about a particular idea
or a hypothesis. To make these ideas more usable
and meaningful, we introduced the ABCs of Data—
Account for what you know, Be open to evidence,
and Consider your confidence—as a way to share
and update their confidence in light of uncertainty.
Further, we created a freely-available tool—the
Confidence Updater—that your students can use
individually, in groups, or in a whole-class setting to
put on the table how confident they are initially and
how their analysis and interpretation of data can
change, or update, their confidence. In addition to
engaging students in the science and engineering
practice of analyzing and interpreting data, this
approach and tool can serve as a gentle introduction
to the more quantitatively focused practice using
mathematics and computational thinking and the
use of data and statistics, more generally. ~ ®
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