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Students’ Reasoning with 
Fractional Relationships 
between Quantitative 
Unknowns
Abstract: As students move from elementary 
school to middle school, they are to move from 
reasoning with whole numbers to reasoning with 
rational numbers. They also are to engage in more 
pointed work on algebraic reasoning, sometimes 
taking a formal algebra course in eighth grade. Yet, 
students enter middle school operating with three 
different multiplicative concepts, which refer to 
how students create and nest units. These 
concepts significantly influence students’ fractions 
knowledge, a key part of rational number 
knowledge. In this talk, I will present data from 
three iterative design experiments, each with 6-9 
seventh and eighth grade students, to demonstrate 
the learning of the students when they represented 
fractional relationships between quantitative 
unknowns. Twenty-two students participated 
across the experiments; 9 operated with the third 
multiplicative concept (MC3 students) and 13 with 
the second multiplicative concept (MC2 students). 
Seven MC3 students constructed reciprocal 
reasoning with quantitative unknowns. The other 2 
MC3 students constructed reversible reasoning 
expressed with whole number multiplication and 
division. These 2 students demonstrated a lack of 
reversibility in their use of fractions with unknowns, 
which meant their fractions knowledge was at 
lower level of abstraction compared with the 
others. None of the MC2 students constructed 
reciprocal or reversible reasoning with unknowns; 
the MC2 student who demonstrated the most 
advanced reasoning was still qualitatively different 
from the MC3 students. The study contributes to 
understanding how students make connections 
between fractions as measures and fractions as 
operators. Implications include the need to 
differentiate instruction for middle school students 
and to design instruction that intertwines support 
for students’ rational number knowledge and 
algebraic reasoning.
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