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Claim - Evidence - Reasoning Framework 
(McNeill & Krajcik, 2011)

(inqits.com)
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Which sub-components of the Claim-Evidence-Reasoning 

process did students struggle with the most? 

Were difficulties consistent across the two driving questions? 

Research Questions

1

2

66

(inqits.com)



Study Overview
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Participants
• 76 eighth-grade students from four science 

classes taught by one teacher in the Northeastern 

United States

Materials
• Inq-ITS online intelligent tutoring system (Gobert 

et al., 2023)  

• One Forces & Motion Virtual Lab was used as a 

formative assessment in which students answered 

two different driving questions: 

1. How does ramp roughness affect time to 

the end of the ramp? 

2. How does sled size affect distance 

traveled from the end of the ramp?

(inqits.com)



Scored with Automated NLP Algorithms
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• Scores for each C-E-R component are automatically calculated as a sum of their sub-components

C-E-R Sub-Component Description Possible Point Values

Claim

Claim IV Did the student state the target independent variable (IV) No Credit: 0, Max Credit: 1

Claim IVR
Did the student say how they changed the independent variable (i.e., the independent 

variable relationship; IVR)?
No Credit: 0; Partial Credit: 

0.5, 0.8; Max Credit: 1

Claim DV Did the student state the target dependent variable (DV)? No Credit: 0, Max Credit: 1

Claim DVR
Did the student say how the dependent variable changed in the experiment (i.e., the 

dependent variable relationship; DVR)? 
No Credit: 0; Partial Credit: 

0.5, 0.8; Max Credit: 2

Evidence

Sufficient Did the student state data for at least two trials (i.e., a sufficient amount of data)?
No Credit: 0; Partial Credit: 

0.5, 1; Max Credit: 2

Appropriate IVR Did the student state the appropriate data for the independent variable?
No Credit: 0; Partial Credit: 

0.5, 0.8; Max Credit: 1

Appropriate 
DVR

Did the student state the appropriate data for the dependent variable? 
No Credit: 0; Partial Credit: 

0.5, 0.8; Max Credit: 1

Reasoning

Connection Did the student state how the claim relates to the evidence? 
No Credit: 0; Partial Credit: 

0.5, 0.8; Max Credit: 1

DV/DVR
Did the student state the dependent variable and/or say how the dependent variable 

changed? 
No Credit: 0, Partial Credit: 

0.5. Max Credit: 1

IV/IVR
Did the student state the independent variable and/or say how they changed the 

independent variable?
No Credit: 0, Partial Credit: 

0.5, Max Credit: 1

Theory Did the student explain the scientific principle behind the phenomena? No Credit: 0, Max Credit: 1

(Li et al., 2017)



Focus on Reasoning
• Using the C-E-R sums from the automated scoring, we analyzed students’ performance across 

the two driving questions to see which sub-components students struggled with most frequently

• Three paired samples t-tests showed: 

• Claim and Evidence did not have a statistically significant change between the two trials

• Reasoning did have a significant change between the two trials 

• The students’ scores decreased significantly from Driving Question 1 to Driving Question 2

• DQ1 M = 3.49, SD = 1.37 to DQ2 M = 2.96, SD = 1.75; t(75) = 2.68, p = .009

• Previous research shows that students often demonstrate difficulties with incorporating 

scientific theories and principles into their reasoning across science domains both in Inq-ITS 

(Adair et al., 2023) and elsewhere (McNeill et al., 2006)
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C-E-R Sub-Component Description

Reasoning

Connection State how the claim relates to the evidence

DV/DVR State the dependent variable and/or say how the dependent variable changed 

IV/IVR State the independent variable and/or say how they changed the independent variable

Theory Explain the scientific principle behind the phenomena



Fine-Grained Hand Scoring
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Reasoning Sub-

Component

Overall Change in 

Reasoning

Correct Both 

Times

Partially Correct 

Both Times

Increased from 

Lab 1 to Lab 2

Decreased from 

Lab 1 to Lab 2

Incorrect Both 

Times

Connection

Increased 9 2 1

No Change 15 0 2

Decreased 6 1 6

DV/DVR

Increased 8 0 2

No Change 17 0 3

Decreased 12 2 4

IV/IVR

Increased 7 3 1

No Change 17 0 3

Decreased 8 0 6

Theory

Increased 1 0 9

No Change 0 0 20

Decreased 2 0 30

1. Students were grouped based on the overall change in their score for Reasoning

2. Their scores were assessed for correctness and frequency to determine their outcome

Reasoning Sub-

Component

Overall Change in 

Reasoning

Correct Both 

Times

Partially Correct 

Both Times

Increased from 

Lab 1 to Lab 2

Decreased from 

Lab 1 to Lab 2

Incorrect Both 

Times

Connection

Increased 9 2 1

No Change 15 0 2

Decreased 6 1 6

DV/DVR

Increased 8 0 2

No Change 17 0 3

Decreased 12 2 4

IV/IVR

Increased 7 3 1

No Change 17 0 3

Decreased 8 0 6

Theory

Increased 1 0 9

No Change 0 0 20

Decreased 2 0 30



Fine-Grained Hand Scoring
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Reasoning Sub-

Component

Overall Change in 

Reasoning

Correct Both 

Times

Partially Correct 

Both Times

Increased from 

DQ1 to DQ2

Decreased from 

DQ1 to DQ2

Incorrect Both 

Times

Connection

Increased 9 2 4 2 1

No Change 15 0 2 2 2

Decreased 6 1 7 17 6

DV/DVR

Increased 8 0 7 1 2

No Change 17 0 1 0 3

Decreased 12 2 0 19 4

IV/IVR

Increased 7 3 6 1 1

No Change 17 0 0 1 3

Decreased 8 0 0 23 6

Theory

Increased 1 0 0 8 9

No Change 0 0 1 0 20

Decreased 2 0 0 5 30

1. Students were grouped based on the overall change in their score for Reasoning

2. Their scores were assessed for correctness and frequency to determine their outcome 

3. Their scores were assessed based on whether they increased or decreased 

77.6% 

incorrect 

both times



Discussion 

• C-E-R and their respective sub-components are difficult for students, as evidenced by 

our fine-grained NLP scoring

• The Theory subcomponent is particularly difficult because students must explain the 

scientific principle behind the phenomena

• Looking at the two driving questions: 
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1. How does ramp roughness affect time to the end of the ramp? 

– Students likely have prior knowledge of roughness making the task a bit 

easier 

2. How does sled size affect distance traveled from the end of the ramp?

– Requires more content knowledge, which may have been why the 

scores decreased
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Teacher Alerts
AI AUTO-SCORING

INQ-ITS LAB

AI VIRTUAL TUTOR

Can Inform detailed, 

actionable alerts and 

TIPS for teachers on our 

dashboard, Inq-Blotter, 

for real time instruction

Can Inform our fine-grained 

scaffolds so Rex can target 

students’ specific difficulties 

(future work) 

Implications for Future Work
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