Appendix A
Category 1: Groups where rules from the multiplication trend were expressed by two students
The first category included two groups where rules from the multiplication trend were expressed by two students. All the students in this category who contributed to the development of proportional rules were from the High ANK profile. In G1A, a High-profile student expressed a limited multiplication rule in T2, and then the same student and another High-profile student contributed to the rule development by expressing the multiplication rule in T3 and T4 (Figure 2, A). G1B included the only student who expressed both ratio and multiplication rules. This student was from the High profile, and she first expressed a multiplication rule in T1 where she used repeated addition instead of multiplication. In T2, the student expressed a limited ratio rule with the ratio of 1:3. The student then expressed the general multiplication rule in T3 followed by another High-profile student contributing to the rule development by expressing the multiplication rule in T4.
Category 2: Groups where rules from the ratio trend were expressed by two students
In the second category, there were three groups where rules from the ratio trend were expressed by two students. In G2A and G2B, a student from the High ANK profile expressed ratio rules with the ratios of 1:2, 1:3, and 2:3. In addition, in both groups, there was another student who contributed to the rule development by expressing a rule with the ratio of 1:2. These students were from the Basic and Average ANK profiles. In G2C, an Average-profile student first expressed a ratio rule with the ratio of 1:3 in T3, and a High-profile student expressed a ratio rule with the ratio of 2:3 in the last tab.
Category 3: Groups where rules from different trends were expressed by two students
The third category included three groups. In these groups, both ratio and multiplication rules were expressed, but by different students. In G3A, there were only two students, one from the High ANK profile and one from the Average ANK profile. They both expressed proportional rules in tabs T2, T3, and T4. However, the High-profile student first expressed a limited multiplication rule and then generalized it in the next tab, while the Average-profile student expressed limited ratio rules with the ratio of 1:2, 1:3, and 2:3, respectively in the tabs. In G3B, two Average-profile students expressed proportional rules in T2. One of the students expressed a ratio rule with the ratio of 1:3. The other expressed a limited multiplication rule and then generalized it in the next tab. This group did not have time to go to the last tab. In G3C, a Basic-profile student first developed a ratio rule with the ratio of 1:2 into a ratio rule with the ratio of 1:3. Then, in T4, another Basic-profile student expressed the general multiplication rule.
Category 4: Groups where either ratio or multiplication trend was followed by one student
In the fourth category, there were six groups in which only one student expressed proportional rules. In five groups, the expressed proportional rules were ratio rules and in one group, they were multiplication rules. In G4A, G4B, G4C, G4D, and G4E, one student expressed two or three proportional rules with different ratios. Four of these students were from the High ANK profile and one from the Basic ANK profile. However, only two students expressed a ratio rule with the ratio of 2:3, and these students were from the High profile. In G4F, an Average-profile student expressed a proportional rule in tabs T2, T3, and T4 by developing their limited multiplication rule into a general multiplication rule.
Category 5: Groups where only one proportional rule was expressed
The last category included six groups in which only one proportional rule was expressed during the balance lesson. All proportional rules in these groups were limited proportional rules. In G5A, G5B, G5C, G5D, and G5E, the expressed rule was a ratio rule with the ratio of 1:2 while in G5F, it was the limited multiplication rule. In this category, there were various group compositions ranging from a group with two students from the High ANK profile and one student from the Basic ANK profile to a group with two Average-profile students and a Basic-profile student. The only proportional rule of the groups was expressed by students from each ANK profile. For some reason, however, these groups were not able to develop their proportional rule for other situations.

