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 Introduction

We need to analyze learning processes more deeply and explain mechanisms of how 
and why collaborative learning works more precisely in order to optimally support 
it. For example, we do not yet know how diverse the paths learners take are and how 
diverse the goals are that they reach in a collaborative situation. If we can actually 
utilize such diversity, we could enrich their learning. In this chapter, I propose the 
theoretical and analytic model, “focus-based constructive interaction.” It clarifies 
the existence and mechanism of diversity by documenting divergent paths of six 
learners and their interactions in the origami fraction data (Chap. 4).

In order to tackle this issue, I integrate two lines of research that use different 
units of analysis to reveal mechanisms of collaboration. One line takes a group as its 
unit of analysis to reveal the convergent nature of the collaborative process and its 
summative benefit (Roschelle, 1992). The other line takes each individual as its unit 
to clarify the divergent, individualistic process of conceptual change through social 
interaction (Miyake, 1986; Shirouzu, Miyake, & Masukawa, 2002). While the for-
mer claims that the difference in members’ thoughts forces collaborative conceptual 
change through consensus-building toward “convergence,” the latter maintains 
that the difference promotes “constructive interaction,” driving each member to 
construct more persuasive explanations for themselves as well as for the others.

Although the two lines have different theoretical claims, they have complementary 
methodological strengths that we can exploit for renovating our analytic methods. 
The former makes full use of conversation analysis (Sacks, Schegloff, & Jefferson, 
1974) and pinpoints common grounds constructed by members’ conversation, 
action, or use of external resources. I use the analytic device “collaborative utter-
ances” (Sacks, 1962/1995) in this chapter, the conversational type in which two 
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or more persons build a sentence together. The latter line, being founded on the 
tradition of cognitive science or protocol analysis (Newell & Simon, 1972) in par-
ticular, separates a joint situation into threads of each member’s expressions in order 
to trace the personal knowledge structure through verbal and behavioral expres-
sions. Combining these strengths, we can pinpoint different pivotal moments 
(Suthers, this volume) depending on our choice of units of analysis and examine the 
interplay of common ground and individual learning. One goal of this chapter is to 
use this combined method to reveal hidden diversity in individual learning, given 
the apparent convergence in the class.

I explain the method by an example presented in Table 5.1, taken from the ori-
gami fraction data. There, six children compared two of their solutions of cutting 
3/4 of 2/3 of a square sheet of origami paper and found various commonalities and 
differences. A normative answer to the targeted solutions in Table 5.1 was “although 
the shapes and production methods differ, the areas are the same.” It was the first 
time that the comparison required children to refer to the abstract commonality 
“area.” As shown in the table, this was first difficult for the children, but they col-
laboratively formed the answer by saying “the shapes differ” (lines 471–472), 
“though the areas are the same” (lines 473–474), and “the shapes and production 
methods differ” (line 476). They struggled for the commonality (lines 471–473), 
and once found, the word “area” was revoiced (O’Connor & Michaels, 1996) for 
sharing in the class (lines 473–474). Combined with a task analysis, I defined this 
collaborative utterance of lines 471–476 as a collective pivotal moment, in the same 
way as Trausan-Matu (Chap. 6). However, a closer look at each speaker of each 
utterance reveals subtle individual differences. Child Y referred to the “areas” 
sooner than the others at line 473, Child G immediately reacted to it, but Children 
K and N did not refer to the area. Instead, Children K and N referred to the shapes 
and production methods at line 476.

If we design a learning environment that utilizes this diversity, we should be able 
to explain such diversity in more specific ways, for example, on what each child 
focused, why he or she referred to particular attributes, what he or she learned from 

Table 5.1 Example conversation of a collective pivotal moment

Time Line Speaker Speech and action

35:58 469 T What do you think of N’s two solutions? [Places N’s two 
solutions on the teacher’s desk.]

470 Y [Moves toward the teacher’s desk by further raising his hip.]

471 Anonymous [Whispers] The shapes differ.

36:14 472 Y Differ. [In a clear voice.]

473 Y Though the areas are the same. [In a low voice.]

474 G Though the areas are the same.

475 T Yes.

36:20 476 G But the shapes and production methods differ.

K The shape and production methods differ.

N The shape and production methods differ.
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the others’ expressions, and to what outcome such unique expression led. In Chap.6, 
Trausan-Matu explains the diversity by individual attributes like Child Y as the 
“divergent thinker” and Child G as the “mirror.” Although I admit that such indi-
vidual attributes as thinking modes, characteristics, and abilities contribute to the 
results, it is more interesting to see to what extent we can explain things happening 
in a class by observing what happens there. If we want to see how each learner 
differs from the others and how he or she changes in the interaction, we should take 
a more individualized unit of analysis. Taking an individualized unit also requires 
taking a cognitive approach: how each learner interprets the problem, what solu-
tions he or she explores in interaction with the outside world, to what extent 
he or she is satisfied with his or her solution, and how he or she summarizes his or 
her experience through verbalization. Another goal of this chapter is to explain 
individual differences by the cognitive approach, including changes in knowledge 
structure.

In this chapter, I first assumed that the children made explicit their personal 
knowledge structure or personal foci through reference or non-reference to particu-
lar attributes. I then analyzed preceding parts of the lesson to seek individual pivotal 
moments, because the preceding interactions of each child with others and with 
external resources could prepare them to verbalize particular things. Finally, I 
explain where the personal foci had come from, what interaction they caused to take 
place, and what outcomes they led to. By this analysis, I will show how Children Y 
and G’s interaction with external resources and with others prepared them to focus 
on the word “area” but in different ways.

The analysis will reveal two implications. First, the combined method helps us to 
pinpoint achievements of the class as collective/collaborative pivotal moments as 
well as to clarify individual differences in contributing to the achievements. Second, 
by introducing the construct of personal focus, we can better explain how individu-
als are deepening their understanding in diverse ways. Specifically, we hypothesize 
that the intramental interaction of each individual creates a personal focus affecting 
how he or she verbalizes and acts in collaborative moments and that such verbaliza-
tion leads to his or her learning outcome. It also explains how pivotal moments of 
individuals lead to collaborative moments of the class.

 Interplay of Group and Individual Cognition

A hot theme in the learning sciences and CSCL is how to clarify the interplay of 
group cognition and individual cognition, that is, how each individual mind changes 
through interaction with others’ minds while also contributing to changes in others 
(Baker, Hansen, Joiner, & Traum, 1999; Ford & Forman, 2006; Hatano & Inagaki, 
1991, 1994; Miyake, 2008; Stahl, 2006; Suthers, Medina, Vatrapu, & Dwyer, 2007). 
The rapid growth of information technology also enables us to keep finer records of 
individual trajectories in collaborative situations (Miyake, Oshima, & Shirouzu, 
2011; Roy, 2011), requiring newer and suitable analytic methods.
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 Convergence-Oriented Approach

One analytic approach assumes that “collective action must be seen as more than 
just a sum of isolated individual acts” (Baker et al., 1999, p. 31) and analyzes a col-
laborative situation as a whole, including participants’ conversations, actions, and 
usage of tools as well as its context. It focuses on grounding, the interactive process 
by which common ground (mutual understanding) is constructed and maintained. 
Roschelle (1992) analyzed how a pair of high-school students acquired the concept 
of acceleration by using computer simulation software in order to claim that the 
crux of collaboration is convergence to mutual understanding. When he looked at 
the pair as a whole and analyzed their language based on his framework for the 
scientific understanding of acceleration (e.g., various metaphors to represent the 
velocity and acceleration), a pattern emerged in which “convergent conceptual 
change is achieved incrementally, interactively, and socially through collaborative 
participation in joint activity” (Roschelle, 1992, p. 238). This convergence-oriented 
approach has advantages for detecting collective phenomena as well as for pointing 
out advancement in collective understanding.

 Divergence-Oriented Approach

The convergence-oriented approach has two disadvantages. First, it has difficulty in 
explaining individual differences in learning outcomes because it assumes that the 
overall outcome of collaboration is “convergence.” In reality, we often observe that 
learning outcomes differ from learner to learner even though learners appear to 
converge on a shared understanding (Forman & McPhail, 1993; Hatano & Inagaki, 
1991; Saito & Miyake, 2011). The approach has another difficulty in explaining 
what role each individual takes in the grounding process because it assumes that 
every member is uniformly motivated to achieve convergence. Yet, we often observe 
not uniform but heterogeneous relationships among members in collaboration. 
Without complementary approaches to explain those differences, we would not 
know the actuality of diversity and its positive or negative effects on learning.

The theory of constructive interaction (Miyake, 1986; Shirouzu et al., 2002) is 
one such approach that explains collective phenomena with the individual as its unit 
of analysis. This approach regards differences among members as a precious source 
for collaboration, in the sense that differences trigger members’ reflection upon 
what they once considered “understood” and make them know what was not known. 
Such differences come not only from initial diversity (prior experience, knowledge, 
or expertise) but also from role division and exchange. When two members are put 
in a joint work situation, role division occurs naturally: one member takes the initia-
tive in performing a task and the other monitors it. The solution process of the for-
mer (task-doer) is externalized, with traces of that process being observed by the 
latter (monitor). The monitor often has a slightly broader view of such traces 
because he or she does not fully share the doer’s plan or problem consciousness and 
is thus free to offer a different interpretation of the externalization. When the 
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monitor begins to provide comments, he or she serves as the doer in turn, being 
bound to his or her own interpretation, while the first doer becomes the monitor, 
gaining a broader perspective of the comments he or she received. This role division 
and exchange lead a pair to an iterative chain of reinterpretations.

 Clarifying the Relation Between the Two Approaches

Norman’s constructs (1991), the system view and the personal view, make it easier 
to understand the relationship between the convergence-oriented and divergence- 
oriented approaches. He proposed that when a person uses an artifact to accomplish 
some task, this situation can be viewed from two different viewpoints. The outside 
observer takes the system view, the total structure of person plus artifact that 
enhances the overall performance. The person, however, takes the personal view of 
an artifact that changes his or her task. For example, a calculator enables the user to 
solve a complicated problem more quickly and more correctly than without it, but it 
forces him or her to learn new things. The collaborative situation can also be seen 
from these two different points of view. From the system point of view, learners in 
collaboration achieve together what they cannot achieve individually. Their con-
cepts may converge from idiosyncratic, naïve ones into an integrated, scientific one. 
Thus, if researchers impose what they see from the outside on each learner, the 
learner strives to converge with each other and construct common ground. From the 
personal point of view, however, each learner faces others and tools from his or her 
own point of view. What one learner sees inevitably differs from what another sees 
because they cannot take the same place. Even when they look at the same thing, 
they can focus on different parts. Even when one learner is satisfied with his or her 
explanation, another learner finds it incomplete and wants to go beyond, or vice 
versa. As a result, there may be more complex and diverse ways of understanding 
than can be seen from the outside. Of course, we cannot truly access personal views 
from the outside, but we can infer them from data and the appropriate model. By 
taking advantage of both cognitive and situated theories of cognition, many learning 
scientists now try to propose integrated models that clarify individual cognition in a 
situation (Engle, 2006; Lobato, 2006; Stahl, 2006). In this chapter, I try to infer 
what children think, especially when they do not talk (e.g., listening to others or 
manipulating things), based on the following model.

 Focus-Based Constructive Interaction

I propose here a model called “focus-based constructive interaction,” which is an 
expanded version of the model of constructive interaction (Miyake, 1986). The lat-
ter model explains how learners deepen their understanding through discussions, 
whereas the former model includes the process of how they enter and leave the 
discussions, explaining their individual understanding progressions with their 
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personal focus as a key construct. In short, the model of focus-based constructive 
interaction assumes that when one finds an unexpected result or an incomplete solu-
tion in the outer world, one questions or becomes conscious of a problem. This 
question may not yet be in words but influences how he or she focuses on the rele-
vant information when entering the discussion. Differences among the foci of mem-
bers trigger constructive interactions, through which built-in mechanisms of role 
division and exchange make their foci clearer. Finally, each member deepens his or 
her own understanding according to his or her focus, which remains long after the 
discussion ends. Hereafter, I briefly explain why I think this is the case (theoretical 
background) and how I apply these ideas to the data (analytical framework).

 Personal Focus

Stahl (2006) proposed an integrated model with two cycles: personal understanding 
and social knowledge building. Learning starts with each individual’s tacit pre- 
understanding, but when some breakdown takes place through his or her interaction 
with the external world, this tacit understanding is problematized (Engle & Conant, 
2002), creating a personal focus. When the learner’s focus is verbalized and taken 
up in a social setting, a social knowledge building process then starts. Multiple 
alternatives are proposed, triggering conflicting interpretations. Through the discus-
sion of these alternatives and interpretations, rationales for different points of view 
are created, and the interchange gradually converges on a shared understanding.

This notion of “focus” is resonant with the definition by cognitive psychologists: 
an activated part within one’s knowledge structure in interaction with external infor-
mation (Kuhn & Ho, 1980; Neisser, 1976). When one has a plan to carry out but 
finds an unexpected result, one naturally focuses on the gap and the reason for it. 
Humans take in an enormous amount of sensory information, but they use only part 
of this information in a top-down way. One’s focus guides one’s verbalization and 
reaction to others’ verbalizations in a social setting. Thus, although Stahl’s model 
predicts a convergence process in social knowledge building, learners with different 
foci can hardly converge on a shared understanding.

 Constructive Interaction

We can combine the notion of focus with the model of constructive interaction in 
order to predict how the foci interact with roles taken in social settings. When a role 
division between task-doer and monitor emerges there, we can assume that the 
focus is closely related to how and when each learner takes the role of the doer. 
More specifically, we hypothesize that, when things (e.g., tasks, problems, or top-
ics) come into his or her personal focus, the learner tends to initiate task-doing and 
tries to articulate his or her thoughts in words. However, he or she generally cannot 
fully express his or her thoughts by words alone and thus reflects on them, only to 
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find flaws of reasoning or reconstruct the thoughts. This is the effect of task-doing. 
The others (listeners) not only observe the doer’s verbalization objectively but also 
try to relate it to their own focus, if they have one. We can hypothesize that, when 
the doer’s verbalizations are relevant to his or her focus, the listener becomes an 
active monitor who goes on to verbalize his or her newer thoughts. The monitor, 
having somewhat free cognitive resources when listening, can integrate the doer’s 
verbalized results into his or her slightly broader schema by seeking what he or she 
can share, take away, add, or object to. This is the effect of monitoring. The effects 
of both task-doing and monitoring are accumulated in each individual’s mind, 
through which the personal focus becomes clearer and tied with more critical infor-
mation. Based on this, each person articulates his or her final thoughts, the articula-
tion of which remains lengthy because his or her learning experience has been 
abstracted in the form of words. This series of hypotheses predicts that even a 
learner who monitors a discussion silently remembers its content well when he or 
she finally takes the role of the doer and articulates his or her thoughts. It also pre-
dicts that what each learner remembers differs from that of other learners, depend-
ing on what he or she articulates in a class.

 Diversity

The model of focus-based constructive interaction predicts that there are as many 
diverse learning paths as there are learners. However, these are too complicated to 
report fully in one chapter. I instead introduce the types of foci and their effects on 
collaboration to capture and explain diversity concisely. Hatano and Inagaki (1986) 
proposed that there are two courses of expertise: adaptive and routine. The former 
is characterized by meta-cognitive reflection upon problem-solving procedures, 
producing a conceptual understanding that enables new ways of solving that are 
adaptable to new situations. The latter is characterized as efficient and accurate in 
repeatedly solving similar problems. This model can be applied to defining the 
focus. When learners solve the same task, one learner can reflect on its conceptual 
dimension, but another can think of its procedural dimension, both of which influ-
ence their foci. Solving problems via external resources, for example, often leaves 
external traces, which some people reflect upon and reinterpret to find another way 
of solving the problem, while others confirm their solution and repeat the same 
solving method. The former would focus on conceptual commonalities, but the lat-
ter would focus on procedural or visible similarities.

 Analytical Framework

I apply the model to the particular task and lesson used in the Shirouzu data (Chap. 4). 
When Shirouzu et al. (2002) asked a 100 college students to get 2/3 of 3/4 of a sheet 
or 3/4 of 2/3 of a sheet of origami paper as their first trial and then the same problem 

5 Focus-Based Constructive Interaction

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

http://dx.doi.org/10.1007/978-1-4614-8960-3_4


110

with the order of fractions reversed, either in a solo condition or a paired one, they 
found three things:

 1. More than 90 % of the time the participants, either as solos or in pairs, folded the 
paper to solve the task in the first trial.

 2. The solos kept the same solution strategy in the second trial, but more than half 
of the pairs shifted to the arithmetic calculation.

 3. The pairs’ shift was a gradual one, in which the two members took turns in moni-
toring the partner’s externalized results and reinterpreting them from a more 
global perspective.

The former two findings indicate that solutions to this task change from proce-
dural and external resource-dependent to conceptual and internal resource-oriented 
one through collaboration. The last finding indicates that the change took place 
gradually when pairs solved the task in their first trial. Figure 5.1 illustrates three 
reinterpretations of the task “2/3 of 3/4.” The most externally oriented, two-step 
strategy requires first folding the paper into four (level 1). Upon doing this, the pairs 
could reinterpret the just-completed 3/4 as already having three equal-size rectan-
gles, which eliminates the physical necessity of a second folding (level 2). They 
could further reinterpret the 2/3 of the designated 3/4 as 2/4 of the original square or 
a half of the whole (level 3). This reinterpretation often led the pairs to realize that 
the problem was solvable by calculation (level 4). When analyzing this process with 
the unit of an individual, the monitor (who observed or listened to the doer at each 
moment) reinterpreted 100 % of the time from level 1 to 2 and 60 % of the time 
from level 2 to 3.

This process implies that the view is narrow when the doer reflects upon his or 
her own externalized traces, whereas the monitor grasps the situation from a slightly 
broader perspective and can change the view of the traces (from levels 1 to 2). Here, 
the first doer is pushed out of task-doing, only to listen to the partner’s claims as a 
monitor, which contributes to widening the view (from levels 2 to 3) or abstracting 
the results (to level 4). This final abstraction, or active verbalization, leads this 
member to take the initiative in shifting to calculation in the next trial. In contrast, 
solos kept the strategy of level 1 during both trials, implying that their view remained 
narrow and their focus was on the procedural and not conceptual dimension.

This indicates that it is difficult even for college students to grasp the answer as a 
half of the whole, and that the key to the shift is reflection upon the external traces at 

Fig. 5.1 Gradual reinterpretation of “getting 2/3 of 3/4”
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level 2. The pairs often spent the longest time shifting from level 1 to 2 amongst all 
the shifts between levels and showed emotional expressions like surprise. In addi-
tion, the task is changed from drawing oblique lines on origami paper (Shirouzu 
et al., 2002) to cutting out the designated area in the origami fraction data, which 
increases the difficulty of grasping the answer in the frame of the paper. We thus 
expect that the shift would take place gradually in the lesson according to the frame-
work of the four levels above. The remaining issue is how the shift occurs through 
collaboration and especially role-taking. The above result implies that any person 
who takes the role of monitor can cause an upward shift and that the person who 
takes the doer’s role cannot do it by himself or herself. This is the strongest position 
insisting that the collaborative situation matters (i.e., the model of constructive inter-
action). The opposite position would claim that the individual matters: a person who 
has a particular ability or skill causes a shift. In this view, the shift occurs regardless 
of the roles, or the roles are fixed by person throughout the collaborative process 
(Chap. 6). There could be a third position: both the situation and the individual mat-
ter. The collaborative situation naturally allows roles to be divided among the partici-
pants, but anyone who monitors the situation does not always cause the point-of-view 
shift. Instead, an individual who experiences particular breakdowns causes the shift 
(i.e., the model of focus-based constructive interaction). This issue is an empirical 
question worth examining, as it is closely related to the design of the lesson.

 The Five Dimensions Characterizing the Approach

I summarize the discussion above along five dimensions (see Suthers, in this  volume) 
and posit it as a set of hypotheses and analytic methods for this study.

 Theoretical Assumptions

I take the divergence-oriented (constructive interaction) approach theoretically and 
the individual as its unit of analysis methodologically. However, I also use the 
convergence- oriented approach and group-unit analysis. It is similar to Hatano and 
Inagaki’s (1994) “two-level analysis approach,” which proposed to investigate the 
target phenomenon of collective comprehension activity with individual outcomes 
as a collective/inter-mental process as well as an individual/intramental process 
(reflecting the inter-mental process). In addition, I take the strong cognitive approach 
to reveal the understanding processes of each individual using the model of focus- 
based constructive interaction. This explains not only what each individual takes 
away from collective activity, as Hatano and Inagaki suggest, but also what he or 
she contributes to the activity, by clarifying his or her personal focus created through 
intramental/embodied interaction prior to inter-mental/conversational interaction.
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 Purpose of Analysis

The main purpose of the analysis is to reveal and explain the diverse learning paths 
and outcomes of the six children. Methodologically, I use the combined method to 
reveal diversity in individual learning under convergence in the class and show that 
there could be different pivotal moments for the class and individuals. Cognitively, 
I explain the diversity by the growth of personal foci among the children through 
their social and physical interactions.

 Units of Interaction

I analyze social interaction using as units of analysis both groups (more than two 
children) and individuals. Although the former concentrates on joint achievement 
and the latter on role-taking, both analyze the inter-person/mental interaction as a 
unit of interaction. The unique contribution of this chapter resides in the analysis of 
the intra-person/mental interaction between the inner and outer resources of each 
child. Here, inner resource refers to the prior knowledge, interest, and problem con-
sciousness that the children have, and outer resource refers to the physical and social 
environments in which they act. The analysis therefore considers not only talking 
but also actions or gestures.

 Representations and Analytic Interpretations

The first part of the Results section uses summary tables to show both collective 
achievement and individual differences. The second part sketches the intramental 
interactions and their juxtaposition to show how social interaction is caused by 
diversity.

 Analytic Manipulations

The analyses go as follows.

 1. Analyzing class achievement (collaborative utterances) based on a framework 
with four understanding levels for solution strategies by detecting keywords or 
key phrases:

First level: Following the instruction procedurally using external resources.
Second level: Eliminating physical steps by reinterpreting the external traces or 

instruction.
Third level: Realizing that the answer’s area is one-half diagrammatically.
Fourth level: Realizing that it can be calculated (2/3 × 3/4 = 1/2).
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 2. Clarifying individual differences in learning outcomes by content analysis of a 
report 5 months after the lesson.

 3. Returning to analyze collaborative moments (found in step 1) and reveal who 
takes what roles to detect the personal focus of each child.

 4. Analyzing the intramental interactions of each individual to determine where each 
learner’s focus has come from and how it has grown, and reconstructing the col-
laborative moments as constructive interaction among learners having those foci.

 Results

I briefly explain the Shirouzu dataset structure to show how the analyses follow 
from it. The lesson has two main segments: to cut out 3/4 of 2/3 of a piece of ori-
gami paper (Phases 1 and 2) and to discuss whether or not their solutions were the 
same (Phases 3–7). First, I analyze the levels of understanding through which the 
class proceeded through these seven phases and identify collective pivotal moments. 
Second, I analyze the content of reports 5 months later, when students were asked 
to write down what they remembered about the last class. Third, I analyze collective 
moments in Phases 3 and 4 to reveal types of personal foci because these phases 
were the first stages of sharing solutions and discussing commonalities. Fourth, I 
analyze how individual children solved the task in Phases 1 and 2 to postulate what 
focus and pivotal moment each child had and how he or she interacted with each 
other in Phases 3–7.

 Collective Pivotal Moments

If we take the class as our unit of analysis, the class as a whole changed from a 
folding-and-cutting approach to an algorithmic one. It also accumulated a variety of 
solutions, found the commonality “area,” and achieved an integrated explanation 
using math (i.e., 2/3 × 3/4 = 1/2). Specifically, I coded children’s explanations and 
conversations to capture how their understanding shifted among the four levels 
above. An explanation could be a single child’s articulation, more than two chil-
dren’s joint utterances, or one child’s incomplete explanation with others’ support. 
I define upward shifts among the levels as collective pivotal moments.

As a result, the children’s verbalization of their solutions in Phases 1 and 2 
clearly included explanations of the two-step solution strategies of level 1. There 
could be explanations at level 2, but children did not articulate them (e.g., “I saw the 
usable traces here and skipped the second folding”), which prevented us from cod-
ing it clearly.

In contrast, their shift from level 1 (or 2) to 3 was clear. With peculiarities in the 
children’s discussion about multiple answers, level 3 took longer to happen: “realize 
that the answers have the same area,” “it is one half,” and “it is so diagrammatically.” 
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They did not answer the teacher’s question in lines 406–437, but they gradually and 
collaboratively explained that the area was common between the two solutions, 
from lines 471 to 476 (Table 5.1). Child Y made the core statement at line 473, but 
this formed a complete sentence with other utterances in the rest of the lines. In 
addition, they revoiced to each other (from Y to the others in lines 471 and 472; 
from G to Y in lines 473 and 474). We thus identified lines 471–476 as the first col-
lective pivotal moment. When several children searched for an appropriate word to 
represent the area in line 501 (“A” means anonymous), Child Y again completed the 
sentence by saying that the answer is 1/2 of the whole as below. This was followed 
by emotional expressions from the other children, indicating that this was what they 
had searched. We defined the lines 501–504 as the second collective pivotal moment.

500 T How large is(.) the area?

501 A [Whispers] 2-bun-no- (halves), 2:::

502–503 Y 2-bun-no-1 (algorithmic expression of one-half) 
[in low voice] of the whole.

503 T [Following Y] 1/2 of the whole

504 G Ah. ┐
K Ah [moves right hand]. │
N Ah::: [Nods.] ┘

Finally, when asked why it was 1/2, Child Y explained it diagrammatically with 
Child G’s second answer as below. The core statements are the explanation from 
lines 511 to 513, but its correctness puzzled him. Instead, Children G and K gave 
strong support, which was followed by warm laughter. We defined lines 512–520 as 
the third collective moment.

512–514 Y This (the answer) and this (rest part) return to [Pause] to original form when 
they are put together in this way, so I think it is probably 1/2.

515–517 T Yes. When this part and this part are put together, the original form is obtained.

Y [Returns to his own seat mystified in the middle of T’s explanation.]

518 T Oh, (.)stay here.

518–519 Y Ah?(.) Oh? Is this wrong?

520 G That’s OK [in loud voice]

K OK [loudly]

A [Laughter.]

In addition to these gradual shifts to level 3 understanding, the children went on 
to level 4 as below. After Child Y articulated an integrative explanation, he sought 
approval of the class and actually obtained it. We defined lines 536–548 as the 
fourth collective pivotal moment.

536–547 Y Another is, when these two (fractions) are multiplied, I think that 
the ratio to the whole can be obtained. When 2/3 is multiplied by 
3/4, the product is 6/12 and it is equal to 1/2 after being reduced, 
all (answers) are 1/2 of the whole. What do you all think?

548 All OK
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In sum, the children searched for appropriate words and, when found, gave support 
to each other with a warm atmosphere. Their search proceeded in the direction that 
the framework predicted, which might give them a sense of unity in gradually find-
ing hidden answers.

 Diversity in Learning Outcomes

When we look at the elements identified in students’ reports, we can find individual 
differences as summarized in Table 5.2. I analyzed whether each report included the 
expressions in double quotation marks or not (see Table 4.2). Although everyone 
referred to the task and material (“3/4 of 2/3” and “origami”), there is a mutually 
exclusive pattern between “math” and “shape.” The students who referred to the 
“shape” did not refer to the math (“2/3 × 3/4” and “1/2”). Although all of the chil-
dren agreed with Child Y’s algorithmic explanation at the end of the class, they 
differed in summarizing and memorizing their learning experience. We need analy-
ses other than the convergence-oriented one in order to explain the diversity in 
learning processes and outcomes.

 Role-Taking and Collective Moments

I returned to the lesson to analyze the roles taken and the expressions used by each 
child based on the constructive interaction framework. In Phase 1, Children N and 
G solved the task as the doers, and Child N explained his solution of level 1 strategy. 
The other five children, including Child G, monitored his explanation. In Phase 2, 
all six children assumed the role of the doers by solving the same task. As a result, 
four of six children presented different solutions, indicating that exchanging roles 
from monitor to doer served to enrich the solutions. In Phase 3, subtle exchanges of 
roles were observed. Table 5.3 indicates who referred to particular commonalities or 
differences at what times of comparison. The leftmost number represents the num-
ber of the comparison, and the “solutions 1 and 2” columns represent targeted 

Table 5.2 Elements found in the reports

Child
“2/3 × 3/4”
“1/2” “Shape”

“3/4 of 2/3”
“origami”

Y Found Found

K Found Found

G Found Found

N Found Found

O Found Found

F Incompletely found
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solutions for paired comparisons (see Fig. 4.3). The “task-doer” column lists who 
verbalized each “utterance,” and the “active-monitor” column indicates who lis-
tened to that but verbalized the next “utterance” directly after. By this analysis, we 
can break collaborative utterances into particular utterances of a particular child.

As clearly shown, in the first and second comparisons, Children N, G, and K 
formed a “group of task-doers” (Saito & Miyake, 2011), but in the third comparison 
(the first collective moment), Child Y changed his role from monitor to doer and 
verbalized the abstract commonality, “area.” After that, he led the class by explain-
ing the area diagrammatically (the second and third moments) and algorithmically 
(the fourth moment), the task-doing of which enabled him to understand and memo-
rize the gist of the lesson as revealed in his report (Table 5.2). Thus, the model of 
constructive interaction approach could explain individual differences in learning 
outcomes. Child Y, who took the lead, remembered the lesson from the algorithmic 
point of view, but other children who followed his lead did not.

However, this does not tell us why Child Y was able to take the lead. In addition, 
Child N always served as the doer in Phases 1 and 2 and took the lead in the third 
comparison in Phase 3 (Table 5.3) but did not refer to the area. The theory of con-
structive interaction might explain that Child N took the doer’s role too much and 
had no time for reflection, yet this explanation is too coarse. This is why and where 
I introduce the concept of focus.

Table 5.4 rearranges the utterances of the three children in the first to third com-
parisons of Table 5.3. Child N referred to the production method sooner than any of 
the others but did not refer to the area at the third comparison, even though both 
compared solutions were his own. This implies that his focus was on the “produc-
tion methods,” not the “area.” In contrast, Child Y had referred to nothing through 
the second comparison but referred to the area at the third comparison, indicating 
that his focus was on the “area.” Child G did not refer to the production methods at 
the second comparison, although one of the compared solutions was hers and the 
other was the same as her first solution (thus, she could make this comparison intra-
mentally). Instead, Child G echoed Y’s reference to the area at the third comparison. 
Her focus seemed to be on the “area” rather than on the “production methods.”

Table 5.3 Role-taking in each comparison

Solution 1 Solution 2 Utterance Task-doer
Active 
monitor

1 N’s first G’s first “The same” N, G, K –

2 N’s first G’s second “Although the production 
methods differ,”

N G, K

“the shape is the same.” N, G, K –

3 N’s first N’s second “The shapes differ …” A (incl. N, G, K) Y

“Though areas are the same,” Y ← G      N, K

“the shape and production 
method differ.”

N, G, K –
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 Individual Pivotal Moments

We need a further analysis that reveals the children’s individual learning processes, 
how they had their own questions, expressed ideas, observed others’ explanations, 
and deepened their own understanding. In other words, we should explain when 
their foci were created (individual pivotal moments) and how these foci grew to 
interact with each other to form collective moments. I analyzed the individual tra-
jectories of Children Y and G, since Child G assumed the role of active monitor, 
often supporting Child Y’s utterances, but she only referred to the “shape” in her 
report in contrast to Y’s reference to the “math” (Table 5.2).

 Child Y’s Trajectory

Video analyses of the actions and gestures of Children Y and G in Phases 1 and 2 
clarified the difference. After Child Y monitored N’s solution and explanation in 
Phase 1, he had planned to solve the task by changing the direction of folding 3/4 
out of 2/3 (i.e., the same as Child N’s second solution). However, he happened to 
notice at the midpoint that he did not have to fold the “2/3 rectangle” into fourths 
and instead only had to fold it into halves to take the 3/4 of 2/3 area (see Figs. 4.3 
and 4.4). We assume that this led him to the question, “Why was the answer obtained 

in a different shape?” or more intuitively, “Are the shapes  and  the same? 
What is common?” On this assumption, it is reasonable to say that Child Y tried to 
resolve his question and took advantage of the opportunity to verbalize the “area” 
and explain it as a half by its shape. Since the shape he used was G’s second solution 

and its answer  was the same as the rest  in its form, his explanation was visu-
ally understandable. Yet, he gave up this explanation and resorted to the mathemati-
cal explanation, for which he asked others’ consent, indicating his satisfaction. Why 
did he give up the diagrammatic explanation? What was the difference between it 
and the algorithmic one? One possibility is that if he had sought a commonality 

Table 5.4 Utterances of three children

Solution 1 Solution 2 N Y G

N’s first G’s first “The same” – “The same”

N’s first G’s second “The production  
methods differ,”

– –

“the shape is the same.” – “The shape is 
the same.”

N’s first N’s second “The shapes differ …” (Differ.) “The shapes 
differ …”

– “Areas are the 
same.”

(“Areas are 
the same.”)
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between different shapes as we assumed, an explanation based on the shape of a 
single answer would account for only a part of the whole, and he felt the incom-
pleteness. If so, we can conclude that Child Y searched for the answer to his ques-
tion, tried to propose various explanations in the collaborative situation, and found 
the algorithmic explanation to be the most plausible one, an impression of which 
lasted for 5 months and appeared in his report.

If we summarize and sketch his understanding as the intramental interaction 
between internal trajectory and external resources (cf. Fig. 5.2), we notice two things. 
First, he experienced a shift from a level 1 solution to that of level 2, to which social 
interaction (monitoring others’ solutions) as well as intramental interaction (his own 
solving actions) might have contributed. Second, if we consider that the shift caused 
him to have a personal focus, we can better understand his following speech and 
actions. For example, this explains why Child Y did not stop with his diagrammati-
cal explanation, regardless of Child G’s strong support, because he needed to inte-
grate various shapes other than G’s answer. The convergence-oriented theory would 
hardly explain this, since individuals do not have to search for new ideas after con-
vergence. Thus, we defined line 172 as an individual pivotal moment for him.

 Child G’s Trajectory and Interaction with Child Y

Child G also monitored N’s solution and explanation and reflected upon her solution 
in Phase 1. She then recreated the same shape by a new method in Phase 2 (see Fig. 4.3). 

Fig. 5.2 Child Y’s 
intramental interaction
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However, she hesitated to turn in her answer, implying her lack of confidence in its 
accuracy. She might have the question, “Did I arrive at the correct answer by this 

method?” or “Is the shape  really the same as ? Is my answer OK?” On this 
assumption, it is plausible that Child G sought a guarantee of the correctness of her 
answer beyond its visual properties and jumped at Child Y’s verbalization of the 
commonality “area.” When Child Y picked up her answer and explained that it was 
1/2 based on its shape, that explanation could be clear enough to resolve her ques-
tion and support her answer.

Figure 5.3 adds Child G’s hypothetical internal trajectory to Y’s. We can see that 
she often agreed with Y, but a closer look reveals that she might have had a different 
personal focus than Child Y (represented by different colors in Fig. 5.3). In particu-
lar, when Child Y explained G’s answer as one-half, he was not satisfied with it, but 
Child G seemed to be satisfied with it as confirming the correctness of her own solu-
tion. This indicates their different conceptual levels of foci. Her personal focus 
influenced when she terminated her own understanding process and how she 
remembered her learning experience. In this sense, we defined lines 151–182 as her 
pivotal moment. One more important thing is that the two children could communi-
cate with each other, even though they might have meant or searched for different 
things when saying the same thing (e.g., the word “area” might have meant “some-
thing common” to G but “something to be clarified” to Y). This contributes to the 
first and third collective pivotal moments.

 Discussion

Two main results emerged from focus-based constructive interaction analysis. First, 
even in a shared situation, each learner deepens his or her own understanding by 
asking his or her own questions, pursuing his or her own goals, and searching the 
external world for answers or explanations. Thus, even if people share the same 
external information or data, they integrate it differently and to different degrees 
according to their questions or goals (the teacher’s failure in Phase 7 shows that he 
also had a different goal in this lesson). Second, this difference itself produces dif-
ferent interpretations and promotes social interactions among learners. For exam-
ple, Child G did not share Y’s internal question but picked up his word “area” based 
on her own need, which socially displayed a new commonality to the class and 
supported Y’s advancement. Children deepened their individual understanding 
through social interactions.

The implications for the design of the lesson are twofold. First, the results tell us 
that a shared context does not guarantee shared understanding among learners. 
Educators should be more cautious about what each individual learner takes away 
from a shared situation. Second, we can take advantage of such diversity. If we had 
let students exchange their delayed reports of the lesson, they would have noticed 
different understandings of even the same lesson, which could have further 
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diversified their learning. The accumulation of such opportunities also engenders 
meta- cognitive reflection on one’s own solutions or mental models, which could 
raise their adaptability to newer problem situations. Of course, the lack of chal-
lenges and justifications in the lesson (pointed out by Chap. 7) might have increased 
the diversity in their understanding. Thus, it remains an empirical question whether 
such encapsulation and its exchange promote divergence or convergence.

Space prevents me from documenting the other four children’s trajectories and 
their interactions, but we are always able to treat a collaborative situation as an 
intersection of multiple trajectories of every learner. Figure 5.3 shows an image of 
such trials, that is, multiple ebbs and flows of talks and actions at the foreshore of 
each learner. Advanced technologies enable us to keep a record of interactions 
among any persons at any time and place (Dyke, Lund, & Girardot, 2009). The units 
of analysis can function as a zoom from the group as a whole through the emergent 
small group to the individual. With technological advancement, we should be more 
flexible in adopting complementary units of analysis or interaction.

This chapter proposes “role” and “focus” as analytic devices. The role enables us 
to untangle collaboration into interactions of individual processes. It also gives us a 
hint on how to redesign the lesson. For example, we can make the elaboration lesson 
more constructive by introducing small-group discussion in the discussion phases, 
which increases the opportunities for active task-doing by silent observers and 

Fig. 5.3 Interaction of Children Y and G’s intramental interactions
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reflective monitoring by impulsive leaders. The small group serves both as ground 
for role-exchange among individuals and as a task-doing/monitoring group within 
the class. Yet, there is another possibility that the monitor can learn even when he or 
she remains silent like Child K in this lesson. This is an empirical question.

The focus helps us hypothesize individual understanding process. Types of foci 
make our hypotheses plausible to some degree. For example, when asked to solve 
the same task repeatedly but in various ways in Phase 2, one can solve it differently 
using the solutions of level 1 (e.g., changing the direction of folding like Child N). 
This secures the correctness of his or her solution because an external resource- 
dependent strategy provides ample opportunities to confirm the solution through 
external traces. This solver does not have to get his or her solution problematized. 
He or she would have no personal focus or at most that of solution procedures. 
However, if one changes the solution from that of level 1 to that of level 2, the cor-
rectness of one’s solution has to be problematized because the reinterpretation of 
traces is an internal process and its correctness cannot be confirmed externally (e.g., 
Child Y). He or she would seek some basis for solutions, which activates his or her 
personal focus. Even though he or she might not focus on the area directly, his or her 
focus would be on something other than concrete procedures.

We should examine the generalizability and usability of foci as an analytic device 
in other learning tasks and lessons. More importantly, we do not know how one 
gains a particular focus. For example, why did Child Y have the focus postulated 
here? As Trausan-Matu claimed, Child Y might be the “divergent thinker,” who 
tends to focus on newer and higher dimensions. This is a question that cannot be 
answered by the result of just one lesson. We should have traced Children G or Y in 
various lessons longitudinally to examine whether their ways of focusing were con-
stant enough to call them cognitive styles or were flexibly changing depending on 
the topic, the task, and their own thoughts. By doing that, we could ask how the 
accumulated experience of having foci in various situations engenders practices, 
styles, and attributes. Multivocal analysis of a huge database of learning processes 
enables us to build bridges across our strength to clarify the actuality and diversity 
of learning in the real world.
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