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Abstract. Grounded feedback aims to facilitate sense making by reflecting stu-
dents’ symbolic input in a linked concrete representation that is easier to reason 
with. Initial studies led to explorations of what prior knowledge is necessary to 
support that reasoning. Specifically, we tested if it is obvious to students that a 
sum is larger than its two positive addends. It is not! Thus, concrete representa-
tions for sense making may fail because students lack prerequisite knowledge 
we may assume they have. More generally, these results suggest that skilled qu-
alitative reasoning may often come after, not before, quantitative reasoning.  
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Effective instruction elicits students’ prior knowledge and facilitates useful connec-
tions between what students already know and what they are learning. To that end, 
my work presents and investigates grounded feedback, in which student inputs (e.g., 
5/12) are reflected in a more familiar representation that is easier to reason with  
(e.g., a fraction bar). Prior work shows experimental support for such feedback over 
right/wrong immediate feedback (e.g., [1]), but does not provide a full theoretical 
characterization of grounded feedback or design recommendations for its implementa-
tion. My proposed work on grounded feedback will: continue to examine its effects 
with empirical, controlled classroom studies; explicitly define it and situate it in a 
theoretical framework; build a theoretical model of how students use grounded feed-
back to make sense of new information; and delineate design recommendations for its 
implementation. This paper focuses on the design recommendations.  

Our work on grounded feedback examines middle school students learning fraction 
addition (Fig. 1 shows a tutor example). The grounded feedback consists of rectangu-
lar fraction bars that reflect the symbolic values that students enter. This common 
representation (e.g., [2]) is intended to elicit students’ prior knowledge of magnitude 
and make salient important fractions concepts (e.g., one cannot add fractions by simp-
ly adding the numerators and denominators). An experiment with 5th graders showed 
student learning with grounded feedback, and some benefits over immediate 
right/wrong feedback [3]. However, that study also revealed students’ difficulty inter-
preting the feedback: they often indicated that a problem was solved even when their 
proposed sum did not line up with the combined length of the given addends. This 
finding suggests that 1) the students did not realize that two addends equal their sum 
and/or 2) some aspect of the representation blocked students’ use of that knowledge. 
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