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Abstract: We propose a collection of theoretical lenses, inspired by a participationist view of
learning, by which existing and emerging interactive surfaces can be designed and tested. To
illustrate we examine three second-grade girls developing solutions to planar geometry tasks,
using physical and virtual manipulatives (tangrams). We conclude that this threefold crossexamination produces novel understandings in student cognition and social activity as well as
provides original uses for instructional artifacts in the classroom.

Introduction
According to Sawyer (2006), “…over twenty years of educational research…has consistently demonstrated that
collaboration helps students learn” (p. 187). It follows, then, that as we study the progression of children's
mathematical understanding and reasoning capabilities, we should focus on the effects of group discourse.
However, to do such interpretive work we find an all-encompassing framework insufficient to understand the
ways children interpret, process, and ultimately learn mathematics. For the purposes of this study, the manner in
which second-grade girls, Alexis, , Victoria and Taliah, construct meanings of geometric artifacts was examined
using three, group-centric lenses: Vygotsky's Zone of Proximal Development (Chaiklin, 2003), Saxe's (2002)
Sociogenesis, and Bjuland's (2008) Use of Gesture in Discourse.

Potential Significance of the Work
Sawyer (2006) writes, “…a full explanation of learning requires a simultaneous examination of both individual
and social processes” (p. 201). We find it necessary to carry this statement one step further - that, to provide a
well-developed analysis of students’ constructed meanings of geometric artifacts, it is essential to examine
social processes from multiple angles so as not to blind us to potentially significant developments within student
discourse. Thus, our work is potentially significant in that it demonstrates the necessity, both in research and in
the classroom, to examine the course of student communication within several group settings (Sawyer, 2006).
This provides a novel three-way cross-examination resulting in advances in the use of instructional artifacts in
education and furthers the current model of student social cognition for early geometric comprehension.

Theoretical and Methodological Approaches Pursued
Traditionally, focus is primarily on individual students; however, with recent social constructivist movements,
benefits of group discourse, which includes talk, gesture, and gaze, are being shown. The three theories selected
– Vygotsky, Saxe, and Bjuland – are similar in that they broadly focus on benefits of group discourse yet vary
significantly in the specific aspects on which they place emphasis.

Vygotky's Zone of Proximal Development (ZPD)
Vygotsky's ZPD is characterized by three basic assumptions: 1) one can complete more complex tasks when
working collaboratively than alone; 2) a more advanced individual has a positive effect on the learning of the
child in either a direct or indirect manner; 3) teaching within the ZPD allows for the child to learn with lesser
amount effort (Chaiklin, 2003). Thus, Vygotsky's theory acts as a bridge between traditional, individual learning
and constructivist, social learning; each student has his or her ZPD but can only function within this zone with
the help of a more experienced learner(s). Consider the actions of Taliah during a puzzle involving physical
tangrams: From the very beginning of the scenario, Taliah establishes herself as the “leader” of the group
through her dominating actions and frequency of contributions. In particular, Taliah states, “I think we have to
do the big ones [triangles] first…Then we deal with the others” (see Figure 1a). Thus, Taliah develops a
framework for the group, to which Alexis replies, “Then we will know where the little ones are.” Here, we see
that Alexis has adopted Taliah’s strategy and built upon her own understanding of the tangrams’ relation to the
puzzle at hand; since the large triangles take up more space, they will be difficult to place if all of the smaller
pieces are moved first.

Saxe's Sociogenesis
Saxe's (2002) sociogenesis relies on the fact that humans have learned much of what we know by watching and
listening to the behavior and knowledge of others. Saxe (2002) writes, “The sociogenesis of mathematical

activity occurs as individuals appropriate means that others have generated for accomplishing goals, folding
these means into their own microgenetic constructions in collective practice” (p. 293). Thus, the concept of
sociogenesis takes Vygotsky's ZPD one step further; no longer must a child be in the company of a more
advanced individual in order to benefit from social discourse. Again consider the actions of the girls: During
one scene, Victoria corrects Taliah’s large triangle placement as Alexis watches. Alexis then realizes that
Taliah’s placement is not only incorrect, but also impossible. She subsequently points this out, as there can be
“no white space” (see Figure 1b). Thus, Alexis’s constructed meaning of the artifacts and their locations is
based on Victoria’s corrective actions, not the placements developed by the “leader,” Taliah.

Bjuland's Use of Gestures in Discourse
Bjuland (2008) finds that the extent of mathematical communication occurring in a social context reaches
beyond simple oral discourse: “...the pupils' collaborative mathematical reasoning cannot be fully captured by
only paying attention to what they write and what they say…Pupils’ gestures related to their use of reasoning
strategies play a multifaceted role in developing mathematical reasoning in small groups” (p. 290). Consider the
the girls now working to solve a virtual tangram puzzle. Gesture plays a significant role in discourse amongst
the three girls: Alexis, for example, says “Grab the corner and you can turn it and then it will fit right there.”
Without her gestures, these words would mean little, if anything, to the other girls. However, Alexis first points
to direct attention to the triangle, then spreads her fingers and rotates her wrist to signify the rotation of the
triangle (see Figure 1c), and finally points to where she thinks the triangle should be placed. Taliah follows
Alexis’s instructions without question as the meaning of the geometric artifacts, here, is significantly more
abstract. Since the shapes themselves are no longer tangible items, gesture serves as the link between the
physical and virtual worlds.

a) Taliah manipulates large triangles

Figure 1.
b) Alexis notes impossibility if Taliah’s placement

c) Alexis gestures for rotation of triangle

Preliminary Findings, Conclusions, and Implications
Selected theories brought different aspects for understanding the girls’ mathematical reasoning. It appears that
no single, all-encompassing explanation is sufficient to interpret and explain children’s learning. Multitheoretical approaches help researchers better comprehend this process as the strengths of one approach
complete the voids of another, enabling researchers to draw more meaningful theoretical and practical
conlusions. In our study, the multi-theoretical approach allowed us to analyze student behavior more elaborately
when considering different dimensions of discourse and mathematical understanding. We saw that the studentconstructed meaning of geometric artifacts varied depending on the situation as well as the lense under which
their discourse was examined. This concept also has important implications in the field of education, as noted by
Bjuland (2006): “It could be valuable to use different modalities in teaching to promote flexibility in pupils'
mathematical reasoning.” This implies that without the proper analysis of a child’s abilities, it is quite likely that
the child will not be placed in the optimal setting for the learning of mathematics.
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