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Background

 Next Generation Science Standards (NGSS) expects K-12 science teachers to engage 
students in the practices of scientists and engineers to learn disciplinary core ideas 
(NRC, 2013).
 These reforms emphasize the importance of not separating 

the doing from the knowing (Pruitt, 2014).
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Background
 Research indicates that relatively few teachers exhibit nuanced understandings of 

scientific practices that go beyond the rigid, linear scientific method presented in 
textbooks (Kite et al., 2021).
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Most science 
teachers lack 

authentic scientific 
inquiry experiences

Undergraduate labs 
tend to be 

confirmatory in 
nature

Teacher preparation 
programs do not 
require science 

research experiences



SHAPE MATTERS Program
SHaping Authentic Practices by Engaging in Modelling of 
A Research Topic with Teachers to Explore Research in 
Science
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SHAPE MATTERS Program
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Funded by the National Institute of General Medical Sciences Science 
Education Partnership Award

Multi-disciplinary team including expertise in from the College of 
Education, Eberly College of Science, and College of Medicine.

Designed to increase teachers’ knowledge of the scientific practices, 
specifically Developing and Using Models, in molecular biology research.



Why Developing and Using Models?
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This practice is prevalent in molecular biology research at Penn State.

Teachers’ views for how to use models for student learning are highly 
teacher-centered, mostly describing how they, as teachers, can use 
models rather than how students can use models for promoting their 
own learning (Kite et al, 2021).

Teachers frequently view models as teaching tools for representation 
or explanation but miss using models for developing questions, 
generating data, making predictions, and communicating ideas (Kite 
et al. 2021).



SHAPE MATTERS Two-Week Professional Development

 Engaged teachers in Modelling 
of and Modelling For (Gouvea 
& Passmore, 2017) using 
molecular stories of Diabetes.
 Workshop was intentionally 

designed to alternate between 
modelling of and modelling for 
such that teachers 
experienced both approaches 
and gain a deeper 
understanding of the way in 
which scientists develop and 
use models in authentic 
research.
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• Focused on mapping between 
the real molecule and its 
representation

• Using only modelling of creates a 
false sense that models simply 
map onto the real-world in some 
one-to-one way

Modelling 
Of

• Emphasizes the ways in 
which models are built and 
used in science as tools 
that support inquiry and 
exploration

Modelling 
For



SHAPE MATTERS Workshop Modelling Activities
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Sequence of Workshop Activities Modelling Practice

Water Kit (3-D Molecular Designs) Modelling of

Process of Crystallizing Molecules Modelling for

Amino Acid models and Starter Kit (3-D Molecular Designs) Modelling of

X-ray Crystallography Lab - from crystals to 3-D visualizations Modelling for

Insulin MRNA to Protein Kit (3-D Molecular Designs) Modelling of

Exploring the Protein Data Bank Modelling for

JUDE Tutorials and 3-D Printing Models Modelling of

Investigation of Designer Insulins Modelling for

Developing Molecular Stories from Research at Penn State Modelling for



SHAPE MATTERS Workshop Modelling Activities
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Water Kit (3-D Molecular Designs)

Process of Crystallizing Molecules

Amino Acid models and Starter Kit (3-D Molecular Designs)

X-ray Crystallography Lab - from crystals to 3-D visualizations



SHAPE MATTERS Workshop Modelling Activities
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Insulin MRNA to Protein Kit (3-D Molecular Designs)

Exploring the Protein Data Bank

JUDE Tutorials and 3-D Printing Models



SHAPE MATTERS Workshop Modelling Activities
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Investigation of Designer Insulins

Developing Molecular Stories from Research at Penn State



Teacher Participants
 24 teachers total over three different cohorts
Most teachers taught high school (grades 9-12)
 88% of teachers had a Master’s degree
 63% taught in Pennsylvania schools
 Credentialed in:

• 75% Biology
• 34% Chemistry
• 34% General Sciences
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Evaluation Methods
Mix-methods formative and summative evaluation
Multiple data collection methods

• Teacher Surveys (Summer Workshop Survey and Molecular Modelling 
Survey)

• Project Team interviews
• Teacher interviews and focus groups
• Review of documents and existing data

 Data analyzed 
• Quantitative- descriptive statistics on closed-ended survey items, paired 

samples t-tests
• Qualitative – Open ended survey items and interviews analyzed using open 

coding and thematic analysis, Triangulation of findings. 
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Teachers’ self-rated knowledge before and after workshop
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Teachers’ self-rated skills before and after workshop
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Teachers’ knowledge of molecular modelling before and 
after workshop
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Discussion and Conclusions
 Professional development focused on the practice of developing 

and using models by leveraging the expertise of the multi-
disciplinary team of science researchers and science education 
faculty.
 Alternating back and forth between modelling of and modelling for 

helped teachers to gain a better understanding of the modelling 
practice.

• Evaluation shows statistically significant growth in their understanding of 
the modelling practice.

 The findings are limited to a small sample size of teachers and the 
knowledge findings are all self-reported.
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