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Subjects 
� Private day-school committed to 

discourse-based instruction 
� 19 grade 7 students  
� 5 groups of 3 or 4 students 

 

Methods 
� Groups defined by class teacher 
� 4 groups video-taped, 1 group audio-taped only 

(no video consent) 
� Pre-specified interview prompts  
� Equal student participation  
� Explanations for all statements  

Interview study 

 

Contradictions with additive 
solution 
� Slide ruler 
� Lines intersect 
� Distances vary between the two lines 
� Visual: “Just doesn’t look like it.” 

Justifications for proportional 
reasoning 

� 9 and 6 are multiples of 3 (on horizontal), 
and 6 and 4 are multiples of 2 (on vertical) 

� For every 2 vertical units, there are 3 
horizontal units 

Eg. “2 up and 3 over” 
� Multiplicative relations between the 

measures 
Eg. “4 is 2/3 of 6, and 6 is 2/3 of 9” 

� Equivalent fractions 
Eg. “4 is to 6 as what is to 9?”  

Results 

Conclusions 
� A greater percentage of Grade 7 students than Grade 5 students answered the 

experimental task correctly. 
� Still, 69% of Grade 7 students answered the experimental task incorrectly. 
� A greater percentage of Grade 7 students than Grade 5 students incorrectly 

used additive reasoning.  
� Small group discussion was able to convince some Grade 7 students to use 

visual or proportional reasoning to correctly solve the experimental task.  

 
Research Questions 

� What strategies do Grade 5 and 7 students use to solve a missing value problem 
regarding steepness? 

� How do students justify their solution strategies?  

 
Samples of Correct Responses 

 

Abstract 

Proportional reasoning is a major focus of middle school mathematics, and is 
linked to students’ further studies in algebra. Difficulty with proportional reasoning 
is well documented in the literature. This study investigates students’ solution 
methods on a missing value problem related to steepness. This mixed method study 
includes pencil-and-paper assessments of students in grades 5 and 7, as well as 
group interviews of 7th grade students. Although 28% of Grade 7 students 
incorrectly used additive reasoning as their solution method, we show that in small
-group problem solving settings they are able to challenge each other to reasoning 
about the problem multiplicatively. 

Ari and Nid are spiders who live in a room which has the 
same large square tiles on the walls and on the floor. 
Ants and flies like to hide in cracks between the tiles. Ari 
and Nid can shoot webs to catch tasty bugs. They can 
shoot their webs in a straight line as far as they want in 
any direction. Steeper webs are more accurate. 
Nid says that he can shoot a web exactly as steep as 
Ari’s. Where does Nid need to aim his web for the two 
webs to be exactly the same steepness? Draw Nid’s web 
on the picture, and explain how you decided. 

 

Experimental task 

Geometric 

� “To make them the same steepness you 
would draw a parallel line.” 

Visual 

� “Moved the ruler at the same slope.” 
� “Well, I took Ari’s angle and pushed it 

out to where Nid was and got it.” 

Proportional  

� “Nid needs to aim six tiles up because 
Ari’s web has a rise over run of 4 tiles 
over 6 tiles while Nid has a run of 9 tiles. 
Using cross product, I multiplied 9 by 4 
and divided by 6 to find that Nid needs to 
shoot a web 6 tiles high to have the same 
steepness as Ari’s web.” 

� “Because Ari’s web was 6:4 and Nid was 
already 9 away from the wall you have to 
multiply 6 by 1.5 to get 9 and so then I 
have to multiply 4 by 1.5 to get 6 blocks 
up the wall.” 

� “Equivalent fractions. 4/6=6/9 so I should 
make his six up. The horizontal is the 
denominator, the vertical the numerator.” 

 

Subjects 
� 3 urban / suburban public school districts  
� 450 students participated 

� 194 students in Grade 5 
� 256 students in Grade 7  

� Methods 
� Pencil-&-paper administration 
� Extracted categories from data 

Large-scale study  

Samples of Incorrect Additive Responses 
Conservation of  “+ 3” on both  
vertical and horizontal distances 

Conservation of sum of  
vertical and horizontal distances 

� “If Nid and Ari are three tiles apart then the 
web on the wall must be three tiles apart.”  

� “Ari’s web is 10 tiles away so I drew 
Nid’s web ten tiles away.” 

  

Results 
Grade 5 and 7 responses  

to experimental task 
Grade 5 and 7 solutions 

to experimental task 

 

� No evidence of a difference in the profile of 
missing and present responses between the 
two grades (chi-square = 0.10, p = 0.75) 

� Further analysis considers only the work of 
the 390 students who responded to the task. 

Response Grade 5 Grade 7 
Present 167 223 
Missing 27 33 

 

 

Solutions Grade 5 Grade 7 
Correct 13% 31% 

15% 28% 
Conservation of 
one dimension 31% 14% 

Other 41% 27% 

Incorrect 
Additive 

Grade 5 and 7 correct responses  
to experimental task 

Grade 5 and 7 incorrect additive  
solutions to experimental task 
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