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The AAAS-IUSE initiative supports faculty, students, and the greater undergraduate 
STEM education community by disseminating research and knowledge about STEM 

teaching, learning, equity and institutional transformation.

Check out our website to learn more and view:
• Blog
• Workshops
• Summer Labs On-Demand

https://aaas-iuse.org

• Resources
• Lessons Learned During COVID
• NSF IUSE Proposal Preparation Toolkit
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Improving Undergraduate Scientific Explanations: Exploring 

the Role of Data Literacy Skills in Scientific Reasoning
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Plan

● Background for our NSF project

● Some preliminary results

● Share resources developed

Acknowledgements: Programs that influenced our project 

● Oceanographic Observations Initiative (OOI) Data Explorations & Lab Manual 

Projects

● Environmental Data Driven Inquiry & Exploration Exercises (EDDIE) project

● NSF IUSE program

● Next Generation Science Standards for K-12

● Ours students!

https://datalab.marine.rutgers.edu/
https://serc.carleton.edu/eddie/enviro_data/index.html
https://new.nsf.gov/funding/opportunities/improving-undergraduate-stem-education-directorate
http://www.nextgenscience.org/


Background

● Struggled to help students develop their scientific reasoning revealed in exam 

essays

● Influenced by Next Generation Science Standards (NGSS Lead States, 2013) 

specifics re: explanations using evidence

● Experimented with adapted resources with limited improvements

● Informally added data literacy skills development with positive early results

● Formalized and tested instructional plans for the NSF IUSE grant project



Evolution of my efforts to develop students’ scientific reasoning

Why…? 

Explain why….

Why…? Explain your answer. [Explain = to make 
clear or understandable; to reveal the meaning of; 
to give the reasons for]  To explain, you will 
need numerous sentences.

Why…? Explain your answer. [Explain = to make 
clear or understandable; to reveal the meaning of; to 
give the reasons for]

Why…?  Explain your answer.

If students could articulate their struggles….
What is in an “explanation”?



Science Practices: Constructing Explanations

Claim-Evidence-Reasoning [C-E-R] Rubric

www.nextgenscience.org/
MacNeill et al., 2006

K-12 Next Generation Science Standards (NGSS)



Given a map of EQ’s and volcanoes provided for the area near the west coast of South America, 
explain what kind of plate motion is occurring using both drawings and words to explain.  Be sure to 
use the evidence provided in your explanation.

OR

Using the data sets provided regarding plate margin activity, describe each set thoroughly and then, 
using the claim-evidence-reasoning approach, respond to the following:   How are the 2 different 
plate boundaries depicted similar and how are they the same? 

Note: Essays are worth quite a few points.  A short essay if succinct and well composed with lots 
of info could earn all points.  But typically, a 1-2 sentence response does not earn many pts.

Please note the use of the term “explain” in my question.  Students sometimes ignore it…I 
recommend you keep in mind the meaning of the work “explain”:

EXPLAIN: to give the reason for or cause of; to show the logical development or 
relationships of 

This is really important!

Still wasn’t satisfied…..how to use “evidence”????

2014



C-E-R Framework
McNeill & Krajcik, 2012

▪ draw conclusions about the data and relevant 

phenomena, [Claim-C]

▪ and support those conclusions with scientific 

reasoning that includes proper evidence tied to  the 

students’ understanding of relevant science concepts 

[Evidence-E and Reasoning-R]

▪ describe data (trends, patterns, ranges, outliers, 

similarities, differences, etc.) [Data Descriptions-D]

D-C-E-R Framework
Modified from McNeill & Krajcik, 2012



Data collected (Spring 21 - Fall 23):

• Data Exploration Activities (4 per semester)
o Intervention group only

o Group & Individual work

• Exam Essay Questions related to data 
interpretation (3, one per exam)

• Pre/Post semester surveys (+modified):
o OCK: Ocean Concepts Knowledge Survey

o VLAT+: Visualization Literacy Assessment Test

o LCTSR+: Lawson’s Classroom Test of Scientific 
Reasoning

• Student Interviews

Course Information

• Introductory Oceanography 
course, Rider University, NJ

• Class size: ~30 students

• First-year to seniors

• Science and non-science majors

• Sections using intervention
strategies (with data exploration 
activities) and sections for  
comparison (lecture only)

Improving Undergraduate Scientific Explanations: 
Exploring the Role of Data Literacy Skills in Scientific Reasoning 
NSF IUSE Grant, [ID 2021347]  2020-2023, Level 1, Engaged Student Learning Track



https://datalab.marine.rutgers.edu/explorations/rider/waves.htm

Provide Experiences with Data

Can turn off and on data sets

Can zoom in and out 

along X-axis

(Y-axes scales 

change)
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Provide More Experiences with Data
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https://datalab.marine.rutgers.edu/explorations/rider/geology.htm
https://www.gmrt.org/
https://serc.carleton.edu/sp/library/google_earth/examples/49004.html
https://github.com/fraxen/tectonicplates/
https://www.ngdc.noaa.gov/hazel/view/hazards/volcano/loc-search/
https://www.usgs.gov/programs/earthquake-hazards/earthquakes


Provide More Experiences with Data

https://datalab.marine.rutgers.edu/explorations/rider/profiles.htm

Can turn off 

and on data 

sets
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https://datalab.marine.rutgers.edu/explorations/rider/profiles.htm
https://fleetmonitoring.euro-argo.eu/


Experience with messy “Real World” Data (compared to some textbook figures)

https://datalab.marine.rutgers.edu/explorations/rider/production.htm Essentials of Oceanography by Trujillo & Thurman

Can turn off 

and on data 

sets

Highlight different 

seasons

https://oceanobservatories.org/data/

https://datalab.marine.rutgers.edu/explorations/rider/production.htm
https://oceanobservatories.org/data/


Instruction to guide students to study data and 
compose descriptions of patterns and variability in 
authentic data sets.
Data sets include authentic data from the Ocean 
Observatory Initiative (OOI) 

Finally, students compose  individual 
explanations in class “data studies” & exams.

Students draw conclusions from the data, discuss 
their ideas and reasonings to tie specific 
quantitative evidence to their understanding of 
relevant science concepts with guidance as.

Instruction to guide learning about ocean concepts.

DCER Instructional Framework
(See lesson plans shared)

Study: Student 
results in 
“intervention”  
vs 
“comparison” 
lecture classes 



Hotaling et al. (2019) 

Framework

[See annotated Waves 

Data Study lesson plan]

Guidance to 

incorporate 

Data Literacy 

guidance



Expanded/Modified Rubric For Instruction & Assessing Explanations

Description Conclusion Evidence Reasoning

Modified from McNeil 

et al., 2006



Exam Questions

1. Determine plate boundary type with data sets provided

2. Determine and explain the relationship between wind speed and wave 

height with data sets provided

3. Explain what controls primary production in the winter season with 

data sets provided*

Different concepts and data sets; *#3 is likely a more complex 

phenomenon 





Results:
Exam Essay 
Scores

● Intervention group: significantly higher 

scores than comparison group across most 

components (D, E, R; but not C) 

● Both groups can make a correct claim, but 

intervention students are able to create 

evidence-backed explanations with 

scientific reasoning while the comparison 

group struggles to do so

Independent Samples t-Test: 
Intervention vs. comparison

* Significantly different at 
p<.001

the differences in avg 

“independent samples 

2 grps 

comparison…students 



Results: Pre/Post Surveys Two-way Mixed ANOVA, Group*Time 
interaction

p=.010

VLAT+
(Lee et al. 2017)

Visualization Literacy 
Assessment Test

p=.112LCTSR+ 
(Moore & Rubbo 2012)

Lawson’s Classroom Test 
of Scientific Reasoningp=.017

OCK (Ocean Concepts Knowledge Survey)

Intervention group had significantly 
larger improvement on OCK

Intervention group 
score remained the 
same while 
comparison group 
score decreased…

Scores did not 
change significantly 
for either group

+ Modified for our project



Summary, Conclusions
● Incorporation of data exploration activities resulted in 

significant improvements in data descriptions and the ability to 
create evidence-backed explanations with scientific reasoning

● Activities also resulted in significant improvements of ocean 
content knowledge (OCI) by the end of the semester

● Data visualization (VLAT) & Scientific reasoning (LCTSR) 
results from in-class assignments: 
○ End of semester fatigue…?
○ Are tests really measuring the skills targeted in our study?
○ One semester may not be enough time to show improvements?
○ Students in comparison sections mre confused by end of 

semester?

● If a course goal is to strengthen scientific reasoning, this 
method seem to work!



https://datalab.marine.rutgers.edu/explorations/rider/

Thank you!
Kathy Browne browne@rider.edu
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Sage Lichtenwalner sage@marine.rutgers.edu

Gabi Smalley gsmalley@rider.edu
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Learning Track
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https://datalab.marine.rutgers.edu/

https://serc.carleton.edu/eddie/enviro_data/index.html

https://datalab.marine.rutgers.edu/
https://serc.carleton.edu/eddie/enviro_data/index.html


Presentations at the Earth Educators’ Rendezvous, 

Philadelphia, 7/15

Guiding Students to Use Evidence to Support their Scientific Reasoning, 

workshop 1:30-4

Guiding students to use evidence to support their scientific reasoning: Research 

Results, poster 4:30-5:45

https://serc.carleton.edu/earth_rendezvous/2024/program/afternoon_workshops/w3.html
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Slides and recording will be available in the coming days.

We value your feedback, please take a few minutes to complete the survey.
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