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Chapter 3 

The Dynamics of Dyadic Learning: Verbal Interactions and 

Reasoning in Preschool Children6 

 

Abstract 

Studying the interactions between peers during learning activities offers an ideal 

scenario for the exploration of engagement and reasoning in dyads. However, to this 

date, the dynamics of interaction and reasoning between dyads have not been 

extensively studied. This study explores how the dyadic verbal interaction and the use 

of scientific reasoning skills (SRS) of preschool children develop and relate to each 

other in the long term. We use a longitudinal design (six waves during a school year) 

with four dyads of children aged 4 to 6 years (Mage= 5.2 years). In sessions of 20-25 

minutes, children were asked to work together as a team and solve tasks about air 

pressure, while answering questions by means of three SRS: descriptions, predictions 

and explanations. We found that children showed four types of dyadic verbal 

interactions: Two distributed types (collaborative, dominant-dominant) and two 

unequal types (dominant-mimic, dominant-passive). In particular, two pattern-

attractors of verbal interaction were identified in the long-term development 

(dominant/dominant, dominant/passive). In contrast to our expectations, 

collaboration was barely present and when it did appear, it was not related with the 

most complex SRS (giving explanations). Therefore, we conclude that the dyadic 

patterns in preschool children during verbal interactions tend to be more 

independent than collaborative.  

Keywords: collaboration, dynamic systems, peer interaction, problem solving, 

scientific reasoning 

 

                                                           
6
 This chapter is based on Guevara, M., van Dijk, M., & van Geert, P. (2015). The 

Dynamics of Dyadic Learning: Verbal Interactions and Reasoning in Preschool Children. 
Manuscript submitted for publication. 
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1. Introduction 

The term ‘learning’ is an important construct in cognitive psychology. It has been 

recognized that learning not only emerges individually by the use of cognitive skills to 

solve problems (see Piaget, 1959), but also in social interaction (see Doise, Mugny & 

Perret-Clermont, 1976, Mugny & Doise, 1978; Vygotsky, 1986). An integrative 

perspective called ‘situated cognition’ considers the physical and social context in 

which learning takes place as a crucial factor (Brown, Collins & Dugid, 1989; Lave, 

1991, Melander, 2012). The relevance of this social aspect has also had an impact on 

educational systems, where the prospects of collaborative learning and peer learning 

are embedded in teaching practices and curriculum programs (Riese, Samara & 

Lillejord, 2012). 

Social learning theory has also emphasized that the interaction plays a crucial 

role in the learning process. Research on collaborative learning has shown that peer 

interaction enhances the children's achievements, such as the gain of individual 

knowledge and conceptual elaboration (Pinter, 2007, Teasley, 1995; Tolmie et al. 

2010). During peer interaction, individuals have the opportunity to exchange points of 

view and share knowledge, which contributes to their social and cognitive 

development (Williams, 2007). Therefore, peer interaction helps to complement the 

individual’s understanding through the correction of misconceptions, the integration 

of new information with previous learning, and the development of skills (Fawcett & 

Garton, 2005). Moreover, studies comparing collaborative and individual work have 

shown that children who co-construct and share knowledge show a better 

performance than children working individually (Koriat, 2012; Moshman & Geil, 1998, 

Samaha & De Lisi, 2000). Although collaboration is considered a high quality 

interaction that promotes learning, studies on this topic have found that co-

construction of knowledge is not so frequent (Molenaar, Sleegers & van Boxtel, 2014, 

van Boxtel, 2004). For example, during a collaborative task, children often offer their 

own perspective without really collaborating with their partner. In a previous case-

study (see Chapter 2 of this dissertation) on dyadic interaction and reasoning we 

found different types of interaction, which varied from showing lack of engagement 

with the task and the partner to collaborative work. However, little is known about 

how these types of interaction develop over time and how they support children’s 

reasoning during learning activities. In this study, we examine the development and 

the relationship between dyadic interactions and the use of scientific reasoning skills. 

Therefore, our aim is to contribute knowledge on the characteristics of the dyadic 

interaction and reasoning in a learning context. 
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1.1.   Peer learning and Scientific Reasoning  

As stated before, working in dyads or in a group offers the learner the 

opportunity to share knowledge and re-think his or her ideas. As a consequence, 

classroom activities usually integrate the collaborative activities in their curriculum as 

a strategy to promote cognitive and social skills of their students. In particular, the 

definition of peer learning as the “acquisition of knowledge and skill through active 

helping and supporting among status equals or matched companions”, as suggested by 

Topping (2005, p. 631), implies the strict engagement of the members of the dyad. 

However, as indicated above, research has shown that in collaborative activities, the 

individuals are not always collaborating with their partners (Storch, 2001), but are 

instead often working independently. Therefore, there might be diverse ways or 

patterns in which children relate to each other, and the focus of this study is to give 

more insight into the nature of these patterns. 

Most studies on reasoning are predominantly interested in the complexity of the 

skills that are used by individuals (and groups) to solve diverse tasks (Haden, 2010). 

These tasks are usually implemented in a laboratory context. In contrast, studies on 

peer interaction and collaborative learning are mainly interested on learning that 

occurs in real-life contexts, such as school classrooms. The designs reported in 

literature for both contexts, however, are primarily based on single-measurements, 

while the microgenetic and longitudinal designs that involve repeated measures of the 

same individual across a long-time frame are scarce. The approach of taking single 

measurements has two limitations: 1) it fails to capture the variety of typical 

behaviors of the individual (Nesselroade & Salthouse, 2004), and 2) it does not allow 

conclusions about processes of change and development over time (Granott & 

Parziale, 2002). In contrast, microgenetic and longitudinal designs overcome these 

limitations by capturing the dynamic aspects of the behaviors in a sequence of 

measurements that show the changes in the trajectories at the microscopic timescale 

level (those that occur during a task session) and a macroscopic one (those that occur 

after repeated task sessions).  

Although research on the topics of interaction and reasoning has provided 

interesting information on how dyads of children interact and use scientific reasoning 

skills, little is known about their relationship as time-dependent processes. In 

addition, contemporary models in developmental psychology often lack attention to 

capturing behaviors in real-time (Kloos & van Orden, 2009). The primary cause of this 

lack is the absence of a temporal frame to study processes of change in addition to the 

fact that it conceives the context as an independent variable. Hence, the current study 
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offers a temporal frame for studying processes (in the long-term) as the dynamics of 

dyadic behaviors in real-time in the context of problem-solving. 

1.2.   Understanding the Dyad as a System 

From a complex dynamic systems perspective, authors as Thelen (1992), Fischer 

(et al. 1993; Fischer & Bidell, 2006) and van Geert (2002) have urged researchers to 

focus on studying how individuals display their skills in real time. Thelen (1992) uses 

the term ‘soft-assembly’ to describe the relationship between the multiple 

components in time, such as the cognitive state of the organism in the context of a 

task. Kloos and van Orden (2009) describe soft-assembly as a mechanism that 

explains the cognitive activity as interdependent with the context in which behavior 

emerges. It means that behavior suits the constraints of the context of the task as a 

“collective action of the brain and body” (p.258). Likewise, Steenbeek, van Geert and 

van Dijk (2011) describe this dynamic relation of the members of the dyad and the 

context as a “triangulation” (see Figure 1a). In a dyadic task situation (see Figure 1b), 

the reasoning skills of the child emerge over time as an iteration of interdependent 

influences of the three continuously changing components: the individual, the 

interaction with other(s) (e.g. teacher-child, parent- child, child-child) and the task 

context.  Particularly, we study the dyad as a system by means of the dynamics of one 

of its components, which is the dyad of children solving the task (see Figure 1b). 

The dyad as a system, is changing in real time as a direct consequence of their 

interactions. For instance, the state of the dyad is affected by the behavior of each 

member, generating changes at a given time and/or at a subsequent moment. This 

temporal interdependence between the dyad and its context is fundamental to 

understanding its dynamics (Ferrer, Steele & Hsieh, 2012). In other words, the nature 

of the task changes as the result of the interaction. For instance, as a consequence of 

the preceding activity, the task is reformulated in their solution by using a particular 

element of the task, and so forth. 
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a        

 

b     

Figure 1. Dynamic representation of dyadic interaction child-adult in the context (1a) by 

Steenbeek, van Dijk & van Geert, 2011; (1b) Dynamic representation of the system examined in 

this study: the dyad of children working together, answering the researcher´s questions.  

 

The conceptualization of a dyad as a ‘system’ involves various dynamic principles 

such as nested time scales, iteration, self-organization and attractor states. The term 

‘nested time scales’ refers to the changes that occur in the systems at different levels 

interacting with each other through time, such as the relation between short- and 

long-term process. For instance, the children’s reasoning process that takes place in a 

matter of minutes or seconds during a dyadic task influences their subsequent 

understanding of problem-solving, which can occurs and changes on a much longer 

time scale. The term ‘iteration’ refers to the recurrent functioning of the system, as 

loops of behaviors between the members of the dyad into a particular context of 

interaction. Each state of the system is defined by the previous one. This is,  the 

behavior of a child can occur as a result of the previous answer of his partner, 

resulting in a position in which the child is agreeing, disagreeing, copying or even 

ignoring his partner’s comment. 

In the dyadic interaction, self-organization refers to the constant activity of the 

triangulation of the dyad and the context (Steenbeek & van Geert, 2006), emerging in 

new patterns of connected events with properties that are self-sustaining over time. A 

self-organized system consists in diverse elements or subsystems interconnected by 

feedback loops (Guastello, 2002). An example is the spontaneous emergence of a 

pattern of dominant interactions of one child over the other, or a pattern of 

collaborative interaction between them. These spontaneously emerging self-

sustaining patterns are the system’s attractors. An ‘attractor’ denotes a specific state 

in which the system tends to converge, as a focus of relative stability. The recurrence 

of a system returning to the same state over and over again represents a self-

sustained pattern that can counteract disturbances and retain its structure for a 
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certain period of time after which it might shift towards a new attractor as a result of 

the changing circumstances. In a dyadic system, possible attractors involve the 

prevalent behaviors displayed over time by each member of the dyad (e.g. increased 

leadership on the task or individual work). 

In the trajectory of a system’s behavior, an attractor can be considered as 

“strong” or “weak” according to the duration and the frequency of activation of a 

particular state (behavior) over the disturbances of the system. A strong attractor 

(deep or wide) implies a long duration and a frequent return of the same state, being 

more resistant to perturbations. In contrast, a weaker attractor (shallow) is more 

influenced by the disturbances, fluctuating over time and shifting states, or toward a 

new attractor (See Hollenstein, 2013; van Dijk & van Geert, 2014; Thelen & Smith, 

2006). The relevance of recognizing attractors in a system lies in the possibility of 

determining the properties to which a system tends to evolve. 

These general principles provide a dynamic perspective to study peer behavior 

as a process emerging in time. 

1.3.   Scientific Reasoning Skills 

The study of the scientific reasoning skills (SRS) has been an important topic of 

research in the area of cognitive development. The SRS are sometimes described as 

‘cognitive tools’ that allow the individuals to abstract, analyze and transform 

information in complex ways, to understand the world and to create theories about 

how things work. Inference, classification, cognitive planning, formulation of 

hypothesis, descriptions, explanations, experimentation, evaluation of evidence, 

control-of-variables-strategy, and generalization are some of the SRS involved in these 

cognitive activities. Some of these skills are present from early childhood onwards, or 

develop in a relatively short period of time to become more stable during adult age. 

The use of SRS underlies cognitive activities that go from the discovery of the 

properties of the objects (12 to 18 months), to the elaboration of causal explanations 

of a mechanism (e.g. functioning of a bike) and the relations among its parts (7 to 8 

years). It has been argued that the core of scientific thinking is the systematic 

coordination of theory and evidence (Kuhn, 1989, 2004) through the use of a range of 

reasoning skills. 

In the present study we examine the development of reasoning by tracking the 

use of three forms of SRS, namely descriptions, predictions and explanations, which 

have been considered central to the inquiry method of science (de Groot, 1961). For 

instance, descriptions require identifying the salient characteristics of an object or 
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event and can include perceptual or more abstract relations. In contrast, predictions 

demand thinking about possible events that can take place in the future; they imply 

the anticipation of events that have not happened yet. Explanations are deductive 

arguments to understand an outcome and ask for causal relations in order to conclude 

about the underlying regularity of a situation. Explanations are considered the most 

complex of these SRS. 

1.4.   Objectives of this Study 

This study focuses on the transformation of the verbal interactions of the dyads 

that emerges during a sequence of problem-solving.  Therefore, the attention is not on 

the detailed content of the children’s verbalizations but on the general structure of the 

verbal interactions and the scientific reasoning skills. The aims of this study are, first, 

to explore the structure and development of verbal interactions of dyads in the 

context of learning to solve problems and second, to examine how the verbal 

interaction of the dyads is related to the use of three types of scientific reasoning skills 

(descriptions, predictions and explanations).  

We conceived the dyad as a dynamic system that is soft-assembled (see Thelen, 

1992). In consequence,  the interdependent components of a system are composed by 

the dyad, the task and the parameters of the interaction provided by the researcher. A 

common procedure to study a system is through one of its components ― for us this is 

the dyad of children― in which the temporal evolution of one variable is taken as an 

indicator of the underlying dynamics. The research questions addressed in this study 

are: 

1. How do dyadic reasoning (scientific reasoning skills, performance on the 

tasks) and the verbal interaction (types of verbal interaction) develop 

over repeated task sessions?  

2. Are there any temporal patterns in the verbal interactions of the dyads 

solving the tasks that have the properties of attractors? And if so, how do 

they change over time?   

3. Is there a relationship between the verbal interaction and the use of 

scientific reasoning skills of the dyads? 

In line with the dynamic system approach (van Geert, 2003), we expect to find 

systematic patterns (attractors) in the children’s behaviors when they are repeatedly 

confronted with a dyadic task situation. Hence, children self-organize their behaviors, 

forming more stable dyadic interaction over time; we expect the dyads to be more 
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collaborative over time as the tasks increase in complexity. It means that collaboration 

is expected to be an attractor state that becomes dominant over time (hypothesis 1). 

In a similar way, we expect the dyadic verbal interactions, answering the questions 

about the task, to become more stable throughout the sessions (hypothesis 2). From 

the standpoint of collaborative learning, we expect that dyads that collaborate display 

more complex scientific reasoning skills (i.e. elaboration of explanations) than the 

moments when they use other types of dyadic interaction (hypothesis 3). 

2.  Method 

2.1.  Participants 

Four dyads of children (3 boys and 5 girls) 4 to 6 years old (Mage= 5.2 years) 

participated in the study with the informed consent of their parents. We refer to them 

as Dyad 1 (J-HA), Dyad 2 (N-A), Dyad 3 (E-C) and Dyad 4 (H-M). The dyads were 

formed with classmates with whom, according to their teacher, they have a friendly 

relationship. All children were attending the same primary international school in the 

Netherlands and they were proficient and fluent in English, which was the language 

used in our protocol. They came from a larger sample of children who were randomly 

assigned to two different task conditions: air pressure, and inclined plane. Since 

methodologically we are using a process analysis in order to zoom in on the 

relationship between the verbal interaction and the reasoning of the dyads, we are 

including only the data of one of the two task conditions, the one more measurements: 

the air pressure task. In this study the context-sensitivity of the dyads solving the 

tasks, is observed as the changes of their performances along the sessions. 

2.2.  Materials 

A set of hands-on tasks about science (van der Steen, Steenbeek & van Geert, 

2012) was designed for use in this study, providing a problem-solving structure that 

potentially requires complex forms of reasoning for the age group of the preschoolers. 

Specifically, the task set (6 tasks in total) was related to the notion of air pressure (see 

Appendix A).  The sequence of tasks presented an increase in complexity from one 

task to the next. The complexity of the task was determined by the number of 

variables the children need to manipulate and the cognitive demands of the task (i.e. 

relation between elements). All tasks included involve several materials or tasks 

elements (i.e. tubes of diverse lengths and shapes, syringes of different sizes, and 

valves) that children should select and correctly connect to a target element in order 

to reach a specific goal. All the goals of the tasks were related to generating a 

particular type of displacement: to pull out the plunger of a target syringe (task 1), 
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raise a lift (task 2), move up a platform (task 3), blow up a balloon (task 4), move a 

ball inside a tube (task 5) and make a frog toy jump (task 6). Despite the different 

goals of the tasks (e.g. using a big /medium/small syringe according to the task, 

opening or closing valves), their solution was based on the same physical mechanism 

of air pressure. Therefore, the structure of all tasks was similar in the sense that 

demands from the children to use common criteria to solve each task. Figure 2 

describes the task analysis, indicating the common steps and the criteria required to 

generate the mechanism of air pressure. 

 

 

Figure 2. Task analysis representing the common requirements of all the tasks. 

2.3.  Procedure 

The trajectories of reasoning and interaction were tracked by using a 

longitudinal design of six sessions, with two months between sessions. The six tasks 

were presented in an overlapping way. This means that in the first session two 

consecutive tasks were presented, while in a second session the last task of a previous 

session was presented again, followed by a new consecutive task and so on until the 

last observation session. In each session, the researcher asked the children “to work 

together as a team” in order to solve a task and to answer questions about it. Each 

session lasted approximately 20-25 minutes during which each dyad was solving a 

sequence of two tasks. The protocol consisted of sequences of questions in which the 
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researcher asked the dyad to formulate descriptions (“What is this?”, “What 

happened?”), predictions (“What would happen if ...”) and explanations (“Why did that 

happen?”). The sequence of questions during the solution of the problem was 

repeated for every single task based on the following moments: (1) familiarization 

and description of the materials, (2) introduction of the task’s goal and selection of the 

materials to solve the task, (3) elaboration of predictions based on the selected 

materials, (4) children’s attempts to solve the task and (5) elaboration of explanations 

based on the observed results. It is important to note that there was plenty of time 

between the questions where the children were free to talk with one another, 

manipulate with the task and explore solutions together. 

For each session, after a successful attempt to solve the first task, a second task 

was introduced. In cases where the dyad did not solve the initial task, the second task 

was introduced after 12 minutes. All sessions were videotaped and coded afterwards 

with The Observer XT 10 (Noldus, 2010). 

2.4. Measurements 

Three coding schemes were used in this study. The coding scheme for interaction 

was developed in a previous study (see Chapter 2 of this dissertation) whereas the 

coding scheme on SRS was adopted from other authors (Meindertsma, van Dijk, 

Steenbeek & van Geert, 2012; van der Steen, Steenbeek & van Geert, 2012). The third 

coding scheme focuses on the dyadic interactions and is an adapted version of the 

model of Storch (2012). The first and third coding schemes transform the categorical 

data of types of interaction into ordinal scores to enable the analysis of the qualitative 

changes of children behaviors over time. As a result, the scores indicate different 

levels of complexity of a particular behavior. For instance, in the case of interactions, a 

passive interaction (score 2) is considered to be less complex than an interaction 

based on copying (score 3) or parallel work (score 4). Similarly, in the case of the 

scientific reasoning skills, descriptions (score 1) are considered more basic that 

predictions (score 2) and explanations (score 3). All the coding schemes (see table 1, 2 

and 3) are the result of an inductive process in which categories were refined after 

various rounds of coding. 

The coding scheme of types of interaction (see Chapter 2 of this dissertation) was 

used to characterize the interaction behavior of each member of the dyad while they 

were answering the protocol’s questions. The categories are based on the level of 

engagement of each child with the task and with their partner. As a result, five 

categories of interaction were identified in children’s behaviors: ‘no work’, ‘passive 



Chapter 3 

 
57 

 

work’, ‘copy work’, ‘parallel work’ and ‘collaborative work’ (see Table 1). The category 

‘collaborative work’ is assigned when both children display engagement in both ways, 

with the task and with their peer. A non-collaborative relation occurs when a child 

neither engages with his or her peer (i.e. parallel, passive work, copy work) or with 

the task (no work). 

Table 1 

Coding scheme of Types of Interaction 

Score Categories Definition Examples 

1 No work No engagement with the 
task 

The child does not 
answer because he or she 
is distracted by 
something else  

2 Passive  Engagement with the 
task without 
participating actively 

The child does not 
answer but keeps the 
attention on the task and 
on the other child of the 
dyad 

3 Copy  Engagement with their 
pair without 
considering the task 

The child uses the same 
answers as the other 
child of the dyad 

4 Parallel  Engagement with the 
task without 
considering their pair 

The child answers 
without considering the 
response of the other 
child of the dyad. 

5 Collaborative  Active engagement with 
the task by considering 
their pair 

The child answers 
elaborating on the 
response of the other 
child of the dyad  

 

The coding scheme of dyadic interaction is an adaptation of the model developed 

by Storch (2002, 2012). Storch’s model of dyadic interaction (2012) is represented as 

a Cartesian coordinate system whose axes describe the relation between the dyad (see 

Figure 3a). The resulting four quadrants created by the axes (x, y), represent four 

dyadic interactions labeled as follows: (1) collaborative, (2) dominant/dominant 

cooperative, (3) dominant/passive, and (4) expert/novice. On the y-axis the criterion 
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of interaction is defined as mutuality, which refers to the level of engagement among 

the individuals of the dyad. A high mutuality indicates reciprocal sharing of knowledge 

(i.e. collaboration), while low mutuality corresponds to ignoring the other’s ideas (i.e. 

dominant-passive). The criterion of the x-axis is defined as equality in order to 

indicate a balanced contribution of each individual of the dyad to the learning process 

(i.e. dominant-dominant). A higher equality refers to collaboration, whereas a low 

equality indicates a difference in the contribution of each child to the task (i.e. 

dominant/mimic).  

 

a 

 

b 

Figure 3. Model of dyadic interaction (3a) Storch’s model (2012), (3b) Adapted model. 

 

In this study, the model of interaction we will use (see Figure 3b) translates 

Storch’s framework of dyadic interaction into real-time dyadic behaviors according to 

our categories of types of interaction (see Table 1). As a result, our model consists of 

four quadrants (Q), three of them correspond to three categories of Storch’s model 

such as collaborative (Q1), dominant/passive (Q3), and dominant/dominant (Q4). The 

last quadrant corresponds to our category called dominant/mimic (Q2) which 

replaces the Storch’s category ‘expert/novice’.  See Table 2 for a detailed description 

of interactions that give place to the quadrants. 

This adaptation of the model was made because neither of the children were 

expert on the tasks we presented. In addition, we integrated the ‘cooperative’ aspect 

of Storch’s model as part of our conception of collaboration (Q1). According to this, 

the right-hand side of the adapted model represents distributed dyadic interactions in 

which both children contribute to solve the task by showing a collaborative- or a 

dominant-dominant interaction, which both correspond to children working in 
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parallel. In contrast, the left-hand side of the adapted model shows unequal dyadic 

interactions such as ‘dominant/mimic’ in which one child works in parallel and the 

other one either copies or does not work, or a ‘dominant/passive’ in which one child 

works in parallel while the other is passive. 

Table 2 

Coding scheme of Dyadic Interaction based in our adapted model 

Quadrant Name 
Quadrant 

Code 

Combination of individual 

interaction 

Type of Dyadic 

Interaction 

Collaborative Q1 Collaborative - Collaborative Distributed 

Dominant-Mimic Q2 Parallel -Copy Unequal 

Dominant- Passive Q3 
Parallel - Passive 

Parallel - No work 
Unequal 

Dominant-Dominant Q4 Parallel - Parallel Distributed 

*Note. Types of interactions, refers to the combination of interactions between the children of 

the dyad. 

The coding of dyadic interactions consisted in assigning a code to each 

simultaneous sequence of verbal events of the dyad, according to the combination of 

their individual interaction defined in our adapted model (see Table 2).  The third 

coding scheme categorizes the use of three types of scientific reasoning skills (see 

Chapter 2 of this dissertation): descriptions, predictions and explanations, as they 

appear in the children’s verbalizations. The verbalizations that differed from these 

categories were coded as “others” (see Table 3).  
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Table 3 

Coding scheme of Scientific Reasoning Skills (SRS) 

Score Categories Definition Examples  

0 Others 
The expressions that 

differ from the SRS 

Emotional expressions (“wow”, 
“Yeah!”); Attention (“look, look!”); 
Thinking loud ("I want to do 
something else"); Imagination  
(“This will be out of this world”) 

1 Description 
The statements are 
related to the features 
of the materials. 

“It’s a dark tube, I can't see 
through”, "This is a shiny tube" 

2 Predictions 
The statements refer to 
predictions of their 
actions over the task. 

"It will be higher" 

3 Explanations 

The statements are 
related to causal 
relations about the 
task. 

"[the balloon was inflated] because 
the air is coming out [from the 
pump to the balloon]. It is the air!" 

 

In addition to characterizing the use of the scientific reasoning skills, we also 

provide information about the dyadic performance in the problem-solving behavior, 

as a complementary overview of the reasoning of the dyads. Accordingly, we quantify 

the proportion of “solutions” -as global and partial solutions, resulting from the total 

trials performed by the dyads in each session.  

In order to determine the inter-rater reliability of the dyadic behaviors 

(interaction and reasoning), random videos were taken from the larger study (12 out 

of the 42 videos), which were independently coded by the first author and a trained 

coder for the categories of interaction and reasoning. There was a very good level 

(M=.915) of inter-rater agreement (Fleiss, 1981) for all main categories such as 

interaction and scientific reasoning skills. The percentage of agreement for the 

segments of dyadic interaction was 95.8%, resulting in a kappa of .956. 

2.5.  Data Analyses 

After presenting a global overview of the group data, all analyses are performed 

on the level of the individual dyads. First, to address the research question of how the 

SRS and the interaction develop over the long term, descriptions of the total average 
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of types of interaction and SRS and the percentage of the adapted categories of dyadic 

interaction will be given. Therefore the number of verbal interactions of all the dyads 

will be given for the six sessions. We tested whether the children´s interactions and 

SRS increase in complexity in the long-term by inspecting the increment of frequency 

(slope) during the six sessions. Similarly, we inspected the increase (slope) of dyadic 

interactions for each dyad in order to test our first hypothesis about the increase of 

collaboration throughout the sessions.  

In order to answer the second research question, about the presence of 

patterns/attractors on the dyadic verbal interaction and their respective long-term 

change, we used a State Space Grid technique (SSG, Lewis, Lamey, & Douglas, 1999) for 

an exploration of the changes of dyadic interaction. The illustration of the SSG is 

presented for three of the six sessions of data collection (sessions 1, 3 and 6) because 

it provides a  reliable picture of the changes of the dyadic interactions in long-term 

scale. 

The coded behaviors correspond to the combination of each individual 

interaction of the dyad within a session. Each dot in the cells is an ‘event’ of a single 

dyadic interaction. The diameter of the dots represents the duration of each event (in 

seconds). The lines connecting the dots represent the transitions between one dyadic 

interaction and the next one, plotting the temporary sequence of behaviors within a 

session. Once the more frequent dyadic interactions were identified with the SSG 

measure called ‘cell visits’ (number of behaviors in a particular cell), we inspected the 

presence of attractor states and tested their respective strength based on the SSG 

measurement called ‘return time’. This measure is based on the average duration of 

the intervals between visits to the selected cell. We checked the latency of the dyad to 

return to the most frequent interactions (Hollenstein, 2013 p. 47). A higher return 

time in a particular dyadic interaction indicates the presence of an attractor 

(recurrent interaction pattern). In addition, the return time measure provides 

information about how strong (deep and wide) or weak (shallow) an attractor is. If an 

attractor takes place in the interaction, then the particular types of interaction will 

show an increase or higher presence over other interaction types. Therefore, once the 

attractors of dyadic interaction were identified due to their higher frequency along the 

six sessions (number of cell events), we examined the strength of the attractors by 

testing whether they show a long-term increase (slope of return time). In addition, 

this information was used to test hypothesis 2 about the stability of dyadic verbal 

interactions on the long term.  
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Finally, to answer our third research question, about the relations of dyadic 

interaction and the use of SRS, we established the proportion of SRS during each type 

of dyadic interaction. Specifically, for each dyad the frequency of explanations given 

during a particular dyadic interaction (Q1, Q2, Q3, Q4 of our adapted model) was 

divided by the total of their explanations during all the sessions. As a result, it was 

possible to identify which types of dyadic interaction were related to the elaboration 

of explanations as the most complex SRS. We tested whether the presence of 

explanations as the most complex SRS emerged during the dyadic collaboration 

(hypothesis 3) rather than other dyadic interactions. 

Additionally, by using a Hamming distance measure (Lichtwarck-Aschoff, 

Kunnen, & van Geert, 2009; Pinheiro, Seillier-Moiseiwitsch & Sen, 1998) we examined 

the variability of the dyadic time-series of interactions and the use of SRS along the 

sessions. The procedure consisted of identifying how variable the trajectories were 

along the sessions using a binary code. For each time-series of interaction and SRS, we 

compared each measurement point with the next one (n compared with n+1). When 

the consecutive data points were the same, we assigned 0 as a code. When a change 

appears from one data point to the next one, we coded as 1. We tested whether the 

variability of the interaction trajectories was related to the variability on the SRS 

trajectories of the children. Moreover, a total variability of interaction and SRS (overall 

Hamming distance) of the dyads was computed without considering their temporary 

order. In this case, we computed the average of the hamming distance of the 

interactions and the SRS.  

A Monte Carlo permutation technique (Todman & Dugard, 2001) was used to test 

the results obtained with the described procedures, such as the increment of 

frequency (slopes) of the children’s interactions, dyadic interactions, return time of 

the pattern/attractors and the proportion of explanations presented during the four 

types of dyadic interactions. The Monte Carlo technique consists of creating random 

datasets by shuffling the empirical data in order to compare them and to identify how 

often the empirical measures (e.g. an observed difference between two types of data) 

can be observed in a random sample. For instance, in this study we used 10,000 

permutations of the data. As a result, if the number of positive cases counted over all 

the random data generates a significant p-value, it means that it is very unlikely that 

the observed difference is a matter of chance.  
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3.   Results 

3.1. Group Overview: Verbal interaction and Scientific Reasoning 

Skills  

The average proportions of the types of peer interaction and the use of SRS along 

six sessions are presented in Figure 4, in order to illustrate the global development of 

the verbal interaction and the use of SRS over time. With regard to the peer 

interaction (Figure 4a), we observe that parallel work is the most frequent interaction 

used by the children throughout all sessions. This was followed by the frequency of 

passive work and collaborative work respectively. In contrast, no work and copy work 

were barely present in the interaction of the children. The increase of parallel 

interaction for all the dyads over time was significant (p=.005), while this was not the 

case for no work (p= .529), passive work (p= .0143), copy work (p=.054) or 

collaborative work (p= .343). 

 a. 

 

b. 

Figure 4. Total average of types of interaction (4a) and use of SRS (4b) of the dyads over the six 

sessions. 

With respect to the use of SRS, the results show that descriptions were more 

frequently used than explanations and predictions, respectively (see Figure 4b). 

However, it is important to note that the distribution of the various types of skills is 

shaped by the characteristic of the protocol. Despite the fact that the research 

questions were more focused on the explanations of the solution to the problem, it is 

interesting to observe that descriptions are more prevalent. It should be noted that 

many of these descriptions were used as an answer to questions requiring 

explanations. We found that the increase of the use of SRS along the sessions was 
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significant for descriptions (p= 0.033) and explanations (p=.021), but not for 

predictions (p= .141). 

3.2. Dyadic Performance Solving the Tasks 

The summary of the dyadic performance along the six sessions is depicted in 

Figure 5 as the proportion of solutions (including partial and global solutions) 

obtained from repeated trials to solve the tasks. Although the difficulty of the tasks 

increases along the sessions, we can observe that the average of  solution of Dyads 1 

and 2 is a relatively stable trajectory of solutions, with a slight increase from the first 

to the last session (D1= 25 to 33.3, D2=33.3 to 44.4). A different pattern of 

performance was found for dyads 3 and 4 that over time showed a steep increase in 

their proportion of solutions. This can be observed in Dyad 3  from the second session 

to the last one (Mean= 0 to 62.5),  and in Dyad 4,  from the first session to the last one 

(Mean= 0 to 75).  

 

Figure 5.  Percentage of the dyadic performance solving the tasks along the six sessions of 

observation. 

3.3.  The Emergence of Dyadic Interactions Patterns in the Long-term 

The dyadic verbal interactions developed over the six sessions for each of the 

dyads are presented in Figure 6. The dyadic interactions represent the four quadrants 

(Q1, Q2, Q3, Q4) of our adapted dyadic model (Figure 3b). We found there were two 

main patterns of interactions for all the dyads: dominant-dominant (Q4) with a 

significant increase over time (Dyad 1 p= .004; Dyad 2 p= .003; Dyad 3 p= .001; Dyad 4 

p= .002), and dominant- passive (Q3) with no significant increase over time (Dyad 1 

p= .083; Dyad 2 p= .223; Dyad 3 p= .222; Dyad 4 p= .255). These patterns were more 
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stable between sessions for some dyads (Dyad 3 and 2) while others (Dyads 1 and 4) 

showed more session-to-session variability. 

In addition, collaborative interactions (Q1) barely appeared for some of the 

dyads (Dyads 1 and 3); this in contrast to other dyads (dyads 2 and 4) in which its 

presence is moderate for almost all the sessions. These results do not confirm our 

expectation, which was that collaborative dyadic interactions would increase over 

time (hypothesis 1). It suggests that the children display more parallel work than 

collaborative work even when they explicitly have been asked to collaborate. 

 

Figure 6. Percentage of the dyadic interaction over the six sessions of observation for each dyad. 

Q1= collaborative, Q2= dominant-mimic, Q3= dominant-passive and Q4 = dominant-dominant. 

3.4.  Change of Verbal Interaction Patterns in Long-term 

In order to answer whether the two patterns identified previously can be 

conceived as attractors and whether they change over time, Figure 7 presents the 

state space grids (SSG) of the verbal interaction of each dyad for three of the six 

sessions (1, 3 and 6). In addition, a summary graph of SSG with the compilation of the 

dyadic behaviors in all sessions is also presented. 
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Figure 7. State Space Grids that show the temporary transitions of the dyadic interactions. 

According to our adapted model of interaction, the quadrants of the right cells (Q1= 

collaborative, Q4=dominant-dominant) show the distributed dyadic interaction and the 

quadrants of the left cells (Q2= dominant-mimic, Q3 = dominant-passive) unequal dyadic 

interaction. The yellow frame indicates side of the grid that correspond to Distributed Dyadic 

Interactions (i.e. Q1 and Q4), while the opposite side of the grid correspond to unequal dyadic 

interactions (i.e. Q2 and Q3). 
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The SSGs showed the changes in the dynamics of the dyadic interaction 

indicating considerable variability within and between sessions. Moreover, it is 

possible to observe the recurrence of particular patterns of dyadic interaction as a 

form of relative stability in children’s behaviors. For instance, the SSG of all the 

sessions (fourth column) suggest the presence of at least two attractors, such as 

dominant-passive (Q3) and dominant-dominant (Q4) (see bottom cells).  

The measures obtained with the SSG graphs (number of events or dots in the 

cells) showed differences in the dynamics of the two mentioned patterns. Dyad 1 

shows interactions that shift from Q3 to a combined interaction of Q3 (45.16%) and 

Q4 (43.55%). Dyad 2 shows an increase of interactions along the sessions focused on 

the two types of dyadic interaction Q3 (29.31%) and Q4 (50.34%). In contrast, dyad 3 

increases the variability of their interaction over all the quadrants, remaining most 

frequent in Q3 (34.86%) and Q4 (50.46%). Finally, dyad 4 shows a relatively high 

degree of stability between the two bottom quadrants with a higher concentration on 

the Q4 (57.85%) than Q3 (M=28.10%). The interactions of the dyads in the upper cells 

(Q1 and Q2) were less frequent (M=15.09%). The total average of the collaborative 

interactions (right upper cell) was 8.45% while the total average of dominant-mimic 

interactions (left upper cell) was 6.64%.  

In summary, the long- and short-term changes in the interaction behaviors 

showed two pattern-attractors: 1) dominant-dominant and 2) dominant -passive. This 

is supported by the SSG measure called ‘return time’ (see Table 4) which expresses 

the strength of these attractors as the number of times that the dyad returns to the 

same behavior (i.e. quadrants of interaction). 

Table 4 

Return time of the dyadic behaviors to the different types of interaction (Quadrants)  

Quadrant / Dyad Q1 Q2 Q3 Q4 

Dyad 1 20 7 59 50 

Dyad 2 40 14 59 57 

Dyad 3 20 8 48 49 

Dyad 4 49 0 40 58 

Total 129 29 206 213 
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We tested whether this measure increases over time and the results show that 

their recurrence in long-term was not significant for any of the dyads (Dyad 1 p= .493; 

Dyad 2  p= .915; Dyad 4  p= .429). This indicates that their strength does not increase 

over time. Instead, the attractors seem relatively shallow due to their rapid shifts from 

a particular state to another as a consequence of external influences (see figure 8). 

The attractors are relatively variable within sessions; however, they remain stable 

over time, going back and forth between the same types of interaction: parallel and 

passive work. These results support our expectations (hypothesis 2) of stability along 

sessions. 

  

Figure 8. Illustration of two types of attractor states. The attractor with deep valleys represents 

a “strong” attractor in the sense that the behavior of the dyad once gets into one of the two 

states, requires certain time to move out. In contrast, the attractor represented with shallow 

valleys is considered a “weak” attractor in which the dyadic behavior moves easily between one 

state and the other. 

3.5.  The Association of Dyadic Interactions and the Use of SRS 

In order to describe the relationship between the interaction between the 

children and their SRS, we identified the dyadic interaction displayed by the children 

when they were using SRS (i.e. giving descriptions, predictions, explanations). Table 5 

shows the relationship of the use of the three types of SRS and their respective types 

of dyadic interaction for each dyad. We found that the three types of SRS examined in 

this study (descriptions, predictions and explanations), seemed to be mainly present 

during the two attractors of dyadic interaction: dominant-dominant (Q4) and 

dominant-passive (Q3).  
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Table 5 

Raw frequencies and proportions of the use of SRS in relation to the dyadic interactions 

of the six sessions of observation 

Dyad / 

Quadrant 

Descriptions  Predictions  Explanations 

Q1 Q2 Q3 Q4  Q1 Q2 Q3 Q4  Q1 Q2 Q3 Q4 

Dyad 1 11 4 32 92  0 2 11 19  3 0 21 32 
(4.8) (1.8) (14.1) (40.5)  (0.0) (0.9) (4.8) (8.4)  (1.3) (0.0) (9.3) (14.1) 

Dyad 2 6 10 30 84  6 5 9 27  7 3 18 41 
(2.4) (4.1) (12.2) (34.1)  (2.4) (2.0) (3.7) (11.0)  (2.8) (1.2) (7.3) (16.7) 

Dyad 3 5 2 26 36  0 2 4 11  0 1 19 18 
(4.0) (1.6) (21.0) (29.0)  (0.0 (1.6) (3.2) (8.9)  (0.0) (0.8) (15.3) (14.5) 

Dyad 4 17 2 15 33  1 0 2 12  1 1 10 12 
(16.0) (1.9) (14.2) (31.1)  (0.9) (0.0) (1.9) (11.3)  (0.9) (0.9) (9.4) (11.3) 

Total 39 18 103 245  7 9 26 69  11 5 68 103 

Mean 10 5 26 61  2 2 7 17  3 1 17 26 

SD 12.78 7.70 42.68 102.53  2.91 4.26 11.47 27.86  4.79 1.97 28.14 43.83 

Note. Dyadic interaction: Q1= collaborative, Q2= dominant-mimic, Q3 = dominant-passive and 

Q4 = dominant-dominant. 

In contrast to what we expected (hypothesis 3), the use of the explanations as the 

most complex reasoning skill was relatively infrequent during collaboration (Q1, 

M=3), but instead was most frequent during parallel/parallel interactions (Q4, M=26). 

However, the relation between the use of explanations of both dyadic interactions 

such as collaborative-collaborative work (Dyad 1 p= .749; Dyad 2 p= .257; Dyad 4 p= 

1) and parallel-parallel work (Dyad 1 p= .889; Dyad 2 p= .741; Dyad 3 p= .810; Dyad 4  

p= .747) were not significant. In general, the three SRS such as descriptions, 

predictions and explanations are predominantly displayed during parallel work (Q3= 

dominant-passive and Q4=dominant-dominant), which is not surprising, since these 

interactions were most frequent across all sessions.   

In addition, to analyze the different types of interactions and the use of the 

scientific reasoning skills used by the dyads, we also indicate how variable was the 

social and the cognitive performance of the dyads by analyzing the amount of changes 

in the respective trajectories. Table 6 presents the results of the hamming distance 

technique, which quantifies how much variability was observed on the time-series of 

the dyads. The results indicate that the variability of the SRS was higher than the 
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variability observed in the interactions of the dyads. This result supports our finding 

about the characterization of the dyadic interaction over time, in which only 2 out of 4 

types of interaction were the most characteristic for all the dyads along the six 

sessions. Complementarily, the total Hamming distance indicates the total variability 

of the dyads in interactions and reasoning. A Monte Carlo analysis reveals that the 

total variance of each dyad was significant (p=.001) in comparison to random data, 

indicating that is not a random effect. In summary, these results have shown that the 

structure of variability of interactions and SRS is different and independent from each 

other. 

Table 6 

Average and standard deviations of three measures based on Hamming distances (HD) 

Measure 

Dyad 1 

(n = 149) 

Dyad 2 

(n = 173) 

Dyad 3 

(n = 91) 

Dyad 4 

(n = 77) 

  

M SD p  M SD p  M SD p  M SD p 

HD (INT) 0.23 0.42   0.30 0.46   0.36 0.48   0.34 0.48  

HD (SRS) 0.44 0.50   0.45 0.50   0.40 0.49   0.41 0.49  

Total average 

HD  

0.34 0.47 ***  0.37 0.48 ***  0.38 0.49 ***  0.38 0.49 *** 

Note. n= data points, HD= Hamming Distances, INT= interactions, SRS=Scientific reasoning 

skills. *p < .001 indicates that the total hamming distance was significantly higher than the 

shuffled data of the resampling data. 

4.  Discussion 

The results showed that different patterns of verbal interaction exist in the dyads 

during the use of scientific reasoning skills.  Contrary to the expectations, 

collaboration was not related to the use of the most complex skill of giving 

explanations. Instead, the dominant-dominant interaction (Q4) was the condition in 

which explanations were provided most frequently. This corresponds to a distributed 

dyadic interaction in which each child works individually. Our results are in contrast 

with previous literature on children 6 to 7 and 10 to 11 years old (Fawcett & Garton, 

2005, and Teasley, 1995, respectively), in which higher performance of reasoning is 

described as a result of collaborative work more than individual work. However, two 
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minds are not always functioning better than one (see Bahrami, Olsen, Latham, 

Roepstorff, Rees, & Frith, 2010; Koriat, 2012). This study shows that collaborative 

work is not necessarily the dominant type of dyadic interaction. Our results showed 

that children aged 4 to 6 years, mainly used parallel or passive work over other 

interaction types (i.e. no work, copy work, collaborative work), despite the fact they 

were asked to work together. Moreover, the results showed that the collaborative 

work did not increase over time with the increased complexity of the tasks as was 

expected, but remained highly infrequent. Although Tomasello, Carpenter, Call, Behne 

and Moll (2005) have shown that some collaborative behaviors appear in early child 

development, such as sharing goals (9 to 12 months) and collaborative engagement 

(12 to 15 months), it seems that the collaborative work is not necessarily the main 

interaction used by preschoolers during dyadic activities. Since the present study 

reflects a typical educational setting, in which the adult provides the required 

questions as a background of the children's interaction, it seems relevant to consider 

the presence of individual styles of interaction as a valid strategy of learning in a 

regular educational context. 

The verbal interactions of the dyads also showed the children's preference for an 

independent and unequal dyadic interaction ‘dominant–passive’ that indicates turn 

taking. A possible explanation is that the requirement of a verbal performance during 

the task leads the children more often to express their own points of view rather than 

considering the view of their peer to explain the task. In relation to this, Fogel (1993) 

mentions that the point of view of the observer of having a common goal can differ 

from the participants’ perspective. Mercer (1995) has described similar outcomes of 

absence of collaboration on group discussion in classrooms, claiming that children are 

not likely to share views effectively in order to build knowledge collaboratively. 

It is important to stress that in the current study we are using a lenient 

interpretation of the term collaboration. We identified an interaction as ‘collaborative’ 

when a child responded in any verbal way to the content of his or her partner’s 

answers. In our results, the children hardly presented this kind of behavior in any of 

the sessions. Thus, one limitation of our study has to do with the perception children 

have of collaborative work during the solution of tasks. According to Carr and Walton 

(2013) collaboration is a type of interaction that might be perceived as a strategy to 

pursue a shared goal. This is related to a point made by Van Geert and Steenbeek 

(2008) in the domain of social interaction, which is the relevance of interpreting the 

dyadic behaviors in terms of the children’s concerns of ‘involvement’ and ‘autonomy’ 

as emerging over time in their interactions. In our study is possible that the shared 

goal was perceived for the children only during the attempts to solve the tasks, but it 
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does not account for their elaboration of explanations. In other words, the limitation 

corresponds to the protocol used to prompt the SRS and its relationship with the goal 

of the tasks. However, this limitation also applies to many educational interactions: 

though teachers may think that they have asked children to collaborate, this may not 

be sufficient for the children to make this a real goal or concern in that particular 

situation. Another limitation of this study is the small number of case studies. The 

current study had a clear exploratory focus, and aimed at describing the changing 

interaction behaviors in detail. For future studies, we suggest the use of a bigger 

number of case studies in order to analyze possible differences in styles with regard to 

the relation between collaborative work and giving explanations. 

A relevant aspect to point out about the dyadic behaviors is the dynamic process 

between its members (e.g. Ferrer, Steele & Hsieh, 2012, Steenbeek & van Geert, 2006). 

In a single moment, a particular type of behavior is displayed by a child, which 

interacts with the peer’s behavior, influencing each other over time. This has also been 

observed in a previous study of adult-child verbal interactions (van der Steen, van Dijk 

& van Geert, 2014) where the answer of the child influences the subsequent question 

of the adult whereas the new question influences the reasoning of the child. Therefore, 

the dyadic behaviors show attractors of interaction (dominant-dominant and 

dominant-passive) describing the self-organization of the dyadic interaction in 

relation to the task (soft/assembly). The children’s behaviors showed relative 

variability within sessions by transiting back and forth between diverse verbal 

interactions. In general, the dynamics of how dyads of preschool children interact and 

reason in the short and long term can be characterized by high variability of the use of 

SRS in the short term and stable dyadic interaction in the long term. In this study, we 

did not find any evidence suggesting that collaboration is related with higher levels of 

reasoning. 

In summary, we found that the dynamics of the learning process of the dyads 

emerged in the iteration of distributed (parallel and collaborative work) and unequal 

dyadic interaction (passive work) to solve the tasks. Our results offer two main 

contributions. First, our data empirically support three of the four types of peer 

interaction as described in Storch’s model (2001) that we adapted for this study. 

These types are characterized as collaboration (Q1), dominant-passive (Q2) and 

dominant-dominant (Q4), and include a complementary interaction called dominant-

mimic (Q3). Second, the explanations given by the preschool children seldom occur 

during collaboration, but mainly as individual construction of knowledge (parallel 

work). These results have various implications in the field of education for this young 

age group. It seems that if the activities focus on the actions, the learning process that 
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can emerge during verbalizations is more efficient in independent work than in 

collaboration. When fostering collaboration in verbal interaction between preschool 

children, the young learners need to identify their verbalizations as the source of the 

task-related goal. As a consequence, teachers should guide the collaborative work by 

making explicit to the children that their verbalizations are the center of their learning 

discussions. As a result, learners can perceive the shared goal and collaborate with 

their partners.  

For future research, we suggest considering an integrated approach to dyadic 

learning by analyzing children’s actions and verbalizations. For this purpose, more 

refined analyses about interaction dynamics (such as by means of Cross recurrence 

quantification analysis, see Coco & Dale, 2013; Shockley, Butwill & Webber, 2002) can 

be used to explore how the coupled behaviors of the dyads as distributed and how 

unequal interactions take place as nested processes occurring at different time scales 

(within and between sessions). In general, we recommend studying social and 

cognitive processes as contextualized phenomena evolving and emerging over time. In 

other words, the analysis of these processes needs to consider the intertwining 

threads of short- and long-term changes that configure the big picture of learning and 

development. 

 



 
 

  


