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processing (NLP) to provide automated feedback on middle school students’ writing about an 
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observed/identified relationships (Russ et al., 2008; Vieira et al., 2019). This contributes to “a clear conceptual 


context” (Vieira et al., 2
may be able to identify that a car’s motion will be sustained through the remainder of the ride when the initial 
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 How does students’ early understanding o


 How does students’ understanding of the underlying principle relate to feedback effectiveness (evidenced 
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
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

               

       



           



attend more to the process of “reconciling theory with experience of the natural world” (Furtak et al., 2010, p. 







              









   







to automatically assess students’ essays for feedback, which students could later use to revise their ideas. Students 




through the NLP technology that detected four main content units in students’ ess










Data for this study consisted of students’ written responses from short answer questions about LCE after 
labs and for their design essays. Two researchers independently coded 15% of all students’ responses and achieved 
              
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related concepts were explained. We then ran a Fisher’s exact test. Table 1 lists all groups and patterns.
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Fisher’s exact test results showed that there was a statistically significant association between students’ 
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students included in Essay 1, F(3, 134) = 101.77, p<.001, Cohen’s d = 1.5. That is, the improvement from Essay 
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the underlying principle. The effect size was large (Cohen’s d = 1.5).
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the relations between students’ understanding of the underlying principle and their revised essay, with other 








                





 

              

predictors for Essay 2 writing quality. This means that students’ revised essay quality was better when they revised 
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







     

     

     

     

     

     

     

     

     

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1


               







–
              

–
           – 



diSessa, A. A. (2018). A friendly introduction to “knowledge in pieces”: Modeling types


–
       

––


–




–
 

–
   



–


–









