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Research Questions
RQ 1: How does sustained engagement with 

professional development in uncertainty management 

affects teachers' capacity to recognize and utilize students' 

epistemic uncertainty as a pedagogical resource for 

engaging students in productive struggle to develop scientific 

knowledge? 

RQ 2: How do teachers' instructional practice in managing 

epistemic uncertainty change over time when they utilize 

epistemic uncertainty as a pedagogical resource for 

engaging students in productive struggle?

RQ 3: How do teachers' approach to managing uncertainty 

influence students' perceptions, practice, and 

management of epistemic uncertainty? Goals to Guide Teachers Questions to Guide Students

Phase 1: Problematize a Phenomenon

1. Explore a phenomenon and identify students’ 

knowledge gaps and curiosities. 

2. Frame an uncertainty and develop a plan to address it. 

Knowledge: What am I certain about? What am I not 

certain about? What do I need to know? 

Question: What are my questions about the phenomenon? 

Classroom Products

1. Core concepts to explore

2. Variables to explore (e.g., dependent, independent)

3. Researchable and testable/ solvable problems

Phase 2: Material Practice

1. Enact a plan to address the uncertainty, collecting and 

analyzing data

2. Develop intuitions based on interaction with materials

Design: What investigation can I design to address my 

questions?

Data: What data can I collect? How can I organize my 

data?

Classroom Products

1. Investigation/ design procedures/ prototype

2. Data set organized by different modalities (e.g., tables, figures, graphs, diagrams, pictures)

Phase 3: Argumentative Practice

1. Interpret data and meaning of the results of 

testing/experiments, including ambiguous, unexpected, 

incoherent, or conflict results

2. Generate multiple perspectives, seek convergent 

understandings

Solution (individual): What evidence do I have to support 

my claim? How consistent are my results (with my 

expectations and across the dataset)? 

Comparison (group): How do my results and my ideas 

compare with others? What should I change about my 

ideas or my science practices? What can I suggest to peers 

to help improve their investigation/analysis/prototype?

Classroom Products

1. Collective interpretation/ consensus of the phenomenon

2. Recognize claims, understandings, processes that need clarification

Phase 4: Reflection, Application, and Transformation 

1. Think systemically, think beyond the system at hand, 

generalizing knowledge

2. Generating new questions and uncertainties linked to 

the next unit 

Reflection: How have my ideas changed on a continuum 

between uncertainty and certainty? 

Relevance: What can I do with the new knowledge? How 

do I situate it relative to other things I care about or know?

New uncertainty: What new questions or uncertainties does 

this knowledge raise for me?

Transformation: How do I explain my ideas to different 

audiences using multiple modes of representation?

Classroom Products

1. Connection the developed knowledge to theory (conceptually)

2. Application of the developed knowledge to make a prediction in a new situation (practically)
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Managing Uncertainty for Productive Struggle: 

Exploring Teacher Development for Managing Students' Epistemic Uncertainty as a 

Pedagogical Resource in Project-Based Learning

First Cohort Teacher Before Summer PD
• Teachers demonstrated a positive but limited awareness of students’ uncertainty as a 

pedagogical resource.
• Teachers perceived uncertainty as a way to induce curiosity and persist through struggle.
• Teachers quickly reduced uncertainty, providing few opportunities for productive struggle 

during lesson enactment.
• Uncertainty reduction strategies resulted in fractured uncertainty navigation pathways in 

teacher constructed storylines.

Gender Grade Total

6th 7th 8th

Male 45 165 242 252

Female 45 124 215 384

Non-binary 1 15 24 40

Total 91 304 481 876

❖ Students from twelve middle-school teacher classrooms
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Confirmatory 

Factor Analysis

Structural Equation modeling I

Structural Equation modeling II

*p < .05, ** p < .01

*p < .05, ** p < .01, *** p < .001

Relationship between 

Negative Reaction to Uncertainty and Overt Social

- Overall, r = .110, p = .008

No 

significant 

correlation

r = .185

(p < .001)

No 

significant 

correlation


