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Evolution of my efforts to assess student learning

Why…? 
Explain why….

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

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.

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



Science Practices: Constructing Explanations

Claim-Evidence-Reasoning [CER] Rubric

www.nextgenscience.org/
MacNeill & Krajcik, 2012

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



Guler, G., 2019





D-C-E-R Framework

§ 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).

(with other instructional strategies)

§ describe data (trends, patterns, ranges, outliers, similarities, 
differences, etc.) [Data Descriptions-D]



Plate Tectonics Boundary Exercise
• First: reading homework, then introduction to Plate Tectonics and some of the evidence that supports the theory
• Determine the plate boundary at sites assigned using data set from  http://plateboundary.rice.edu/

Learning Steps
• Describe patterns in data sets
• Determine evidence that supports your 

conclusion
• Use your understanding of scientific principles 

and evidence to support your conclusion in an 
explanation
• Feedback provided

• Construct a model to show the plate margin you concluded and add 
representation of data that supports your conclusion.
• Review other models and help others improve them.

Pro’s
• Engage students with data; guided to practice identifying 

patterns in data
• Utilize multiple steps in the scientific process
• Requires multiple levels of thinking and consideration of 

different perspectives
• Reveals understandings that can be addressed
Con:
• Time consuming (class time; assessing)

http://plateboundary.rice.edu/


Adding D to C-E-R…
• Required students to first describe patterns in words with quantitative details they find
• Likely forced students to make sense of data visualizations more than they would normally, 

as well as use patterns and evidence to answer questions
• Even with feedback, revisions, and coaching, it was still difficult for students to connect 

evidence to their understanding of science concepts to support their conclusions
• Subset of low scores for R showed low scores for all components suggesting that:

• without sufficiently describing trends and patterns found in a data set, it is even more difficult to draw 
conclusions from the data, identify relevant and sufficient evidence for what conclusions they make, and 
compose a robust explanation of those conclusions.

Results from an exercise with the following instructions (maximum score of 3 for all components): Using
materials provided, develop an experiment to measure temperature of an ice sample as it melts and then boils. Plot data and 
complete D-C-E-R to explain the results. 



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

Coastal Endurance  Array
https://datalab.marine.rutgers.edu/explorations/2019/anoxia.php

https://serc.carleton.edu/earth_rendezvous/2019/program/afternoon_workshops/w6.html

Cabled Axial Seamount Array
https://datalab.marine.rutgers.edu/ooi-lab-exercises/





www.nsfnoyce.org/wp-content/uploads/2020/10/IUSE-TP-Webinar_Oct-2020_slides.pdf

NSF Research Program



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 

Study: Student 
results in 
“intervention”  
vs “comparison” 
classes with 
traditional 
instruction.

Team: 
Kathy Browne 
Andrea Drewes 
Gabi Smalley
Sage Lichtenwalner

**Coaching from:
-Janice McDonald (RuU)
-Cathlene-Leary 

Elderkin (RiU)



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

Study Timeline
Year 1 (2020-2021; fall, spring and summer): lesson plans, 

interactive data visualizations, interview protocols, 
and assessments piloted and revised

Year 2 & 3 (2021-2023): Data collection (fall & spring 
semesters) & Analyses (summers)



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

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






Access to mapped station 
locations

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

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


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

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


Example Exercise

• Condensed instructions
• Group work



Explanations Rubric



Data to be analyzed
•Group and individual assignment work
•*Exam essays 
• Interviews
•*Classroom observations
•*Pre/post surveys re:

o Ocean concepts
o Data literacy
o Scientific reasoning

* comparison & intervention classes



Exam 1.  Between the 4 data sets I realized that there is a lack 
of pattern. There are many shallow earthquakes within the area 
but not very many volcanoes at all. The sediment is mostly thin 
with some thicker areas and the sea floor is about half 
extremely old and half younger. These data sets tell me that the 
plates in this boundary have definitely shifted a good bit in 
order to form the many shallow earthquakes that have occurred 
within the area circled in the top left map. After considering all 
of this information and taking a close look at each data set, I 
believe that the plate boundary that occurs in the Indian Ocean 
is a transform boundary. Transform boundaries include many 
shallow earthquakes and very little volcanoes. Since the sea 
floor in this area is very old, there have been many shifts 
between the plates over the million years that it has been there
and that is why there are shallow earthquakes across this area. 
The lines that the earthquakes form in the top left map are the 
areas that the plates slid past each other under the ocean. All of 
this evidence between earthquakes, volcanoes, sediment 
thickness, and seafloor age, lead me to believe that in the maps 
above of the Indian Ocean there is a transform boundary.

Student S1B03 Results
(Color-coding done by PIs)

Exam 3.  A) The annual trends of temperate primary production are that 
in the cold-warm months of spring and warm-cold months of fall primary 
productivity is higher. These trends change annually because the 
temperate area is not always hot or cold, it changes. The annual trends of 
tropical primary productivity are that the trend stays the same annually. 
This is because the tropical region stays warm-hot temperatures.
B) These regions' annual trends are different because of their different 
temperatures and the amount of sunlight as well as nutrients that are able 
to work together at the surface in order to allow primary producers to 
photosynthesize.
C) My conclusion stated in B relates to A because the primary producers in 
the temperate and tropic regions are not able to thrive in the same ways. 
For example, the trends in the temperate area show that chlorophyll is at 
its highest during the cold-warm spring because that is when there is no 
thermocline layer in the ocean, since the surface water is still colder during 
those months. Between March and April in the temperate region, 
chlorophyll is highest because nutrients are able to move to the surface 
and there is enough sun to allow for photosynthesis. The tropic region is 
different because the temperature is warmer there annually, which is why 
there is no change in primary productivity. The warmer temperatures in 
this region keep the surface water of the ocean warm, which creates the 
thermocline layer and blocks nutrients from moving to the surface. 
Although there is lots of sun in this region year-around, the primary 
producers cannot photosynthesize unless they have both sunlight and 
nutrients.



Thank you!

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

More informative website will be made available.
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