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Abstract 

This study investigated the dynamic developmental processes of adult online learning. 

The developmental processes were addressed from two perspectives: (1) teacher and 

learners’ behaviors detected by a grounded theory and (2) teacher and learners’ skill 

levels determined by Kurt Fischer’s dynamic skill theory. This study applied State Space 

Grid to reveal the dynamic interaction between teacher and learners in terms of behaviors 

and skill levels. Results revealed that attractor states appeared in both types of interaction, 

but the characteristics of the attractors were distinct. The different processes and 

mechanisms of the attractors are examined. Finally, practical implications and future 

research directions are discussed. 

Keywords: teacher-learner interaction, adult online learning, dynamic skill theory, state 

space grid, dynamic system theory, attractor state 

Introduction 

Human learning is an intrinsically dynamic and complex phenomenon. Recently, the 

number of researchers who focus on dynamic learning processes in children has gradually 

increased (Kunnen, 2002; Steenbeek & van Geert, 2005; Guevara, van Dijk, & van Geert, 

2016, etc.). The researchers apply a “dynamic systems approach (Kunnen, 2012; van 

Geert, 2003)” to reveal the dynamic processes and mechanisms of child learning. While 

there are several studies on dynamic learning processes in children (e.g., Steenbeek & 

van Geert, 2005), we can find a limited number of previous studies on dynamic learning 

processes in adult (Fischer & Yan, 2002a), particularly on the processes of online adult 

learning. Since today’s adults are required to acquire specific skills and knowledge to 

survive in the modern complex world, it is essential and inevitable for them to learn 
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throughout life. In fact, a number of current adults have begun to utilize online learning 

in order to enhance their development.  

In general, adult learners aim to obtain deeper knowledge that is applicable to their 

professional domains. However, it is challenging for even adults to establish a solid 

foundation of knowledge because the processes of adult learning are not simple but 

complex. In fact, adult learning involves great variability in that it shows diverse 

processes and individual differences (Fischer & Yan, 2002a; Grannot, 2002). It is crucial 

for teachers in adult education to consider inherent variability within adult learning 

processes so that they can provide more effective teaching.  

The purpose of this study is to explore dynamic interaction patterns of behaviors and 

skill levels of teacher and learners. This study utilizes a grounded theory approach 

(Glaser & Strauss, 1967) to categorize interactional behaviors, and Fischer’s dynamic 

skill theory (Fischer, 1980; Fischer & Bidell, 2006) to capture skill levels. State Space 

Grid techniques (Granic & Hollenstein, 2003; Granic, Hollenstein, Dishion, & Patterson, 

2003; Hollenstein, 2013; Lewis, Lamey, & Douglas, 1999) are used for investigating the 

processes and mechanisms of the behaviors and skill levels in the interaction between 

teacher and learners.  

First Research Question: Combinations of Behaviors 

The first research question consists of two parts: “What kinds of combination of 

behaviors can be seen?” and “How do the combinations change in each class?”  

As a class proceeds, the behaviors of teacher and learners dynamically change. For 

instance, when a teacher asks an open question at a particular moment, a learner may 

answer it spontaneously. A teacher may reframe what a learner said at another moment, 
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or a teacher gives a simple comment to reply to what a learner said. In this way, the 

combinations of teacher and learners’ behaviors dynamically change in a classroom. This 

kind of change may be regarded as random. Yet, it cannot be random but deterministic 

under certain mechanisms, which is called deterministic chaos in terms of dynamic 

systems theory (Kelso, 1995; Thelen & Smith, 1994). If we view such a dynamic change 

as random, we will overlook hidden mechanisms. Therefore, it is important to consider 

such a dynamic change as deterministic in order to capture the underlying mechanisms. 

The purpose of the first research question is to detect the types of combination of 

behaviors and to explore the underlying mechanisms of the dynamic combinations.  

In order to introduce the second research question, the following addresses: “What is 

dynamic skill theory?” “What are dynamic skills?” “What is the developmental process 

of skills?” 

Dynamic Skill Theory 

Dynamic skill theory contains both theoretical and methodological aspects to 

elucidate dynamics of developmental processes and mechanisms (Fischer & Bidell, 2006). 

On the theoretical side, dynamic skill theory evolved from neo-Piagetian structuralism to 

explore systematic changes in the process of cognitive development. The theory was 

gradually elaborated not only to investigate systematic developmental changes but also to 

examine complex variations in the process of cognitive development. Since the early 

1990s, dynamic skill theory has begun to incorporate dynamic systems theory (e.g., Ford 

& Lerner, 1992; Thelen & Smith, 1993, 1994; van Geert, 1994) to explicate the dynamic 

mechanisms underlying complex processes in cognitive development.  
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On the methodological side, dynamic skill theory plays a role of measurement tool 

for developmental research (Fischer & Yan, 2002b). To put it differently, dynamic skill 

theory provides a reliable ruler to evaluate developmental levels. The theory sophisticates 

Piaget’s developmental stage model, extending his notion of formal operations (Piaget, 

Gruber, & Vonèche, 1997). In fact, dynamic skill theory reveals at least 12 qualitatively 

different levels that can be seen in the developmental process from childhood to 

adulthood (Fischer, Yan, & Stewart, 2002).  

Dynamic skill theory can qualitatively and quantitatively measure any types of 

developmental domains (e.g., cognitive, emotional, or ethical development) because it is 

a domain general model (Stein & Heikkinen, 2009). In the history of developmental 

models, several researchers invented domain specific models such as sentence-

completion methods (Loevinger, 1976; Cook-Greuter, 1999) and Subject Object 

Interview (Lahey, Souvaine, Kegan, Goodman, & Felix, 1988), all of which target on 

particular developmental domains, for example, ego development, stages of 

consciousness, and so on. Although these domain specific methods can calibrate 

developmental levels in a particular domain of development, they cannot measure 

developmental levels in other domains. On the other hand, dynamic skill theory can 

measure developmental levels in any types of developmental domains because of its 

domain generality (Stein & Heikkinen, 2009). Therefore, we can consider dynamic skill 

theory as a beneficial research tool when we measure and compare diverse developmental 

domains on the same ruler.  

Dynamic Skills 
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A skill is a unit of behavioral compositions (Fischer, 1980). In other words, a skill 

represents any types of organisms’ actions that derive from the interactions with the 

environment (Fischer & Yan, 2002b). All skills manifest in specific tasks and contexts. 

One of the key features of skills is that they can dynamically change, depending on tasks 

and contexts (Stein, Dawson, & Fischer, 2010). Based on these characteristics, skills are 

called dynamic skills (Fischer et al., 2002; Fischer & Bidell, 2006).   

Dynamic skills inherently include variability (Fischer & Bidell, 2006). As a context 

changes, our skills largely vary. For instance, a businessperson may be able to show a 

high level of decision-making skill in the context of work. However, he or she may not be 

able to show the same level of decision-making skill in the context of family. Such 

variability originates from the context-specific characteristic of dynamic skills.  

Furthermore, our skills also vary in a remarkable way as a task changes. It is easy to 

imagine that we have to show different skills, for example, when we write a diary and 

when we raise our kids. Although we may show a couple of shared skills to engage in 

those tasks, our skills differ according to types of tasks. Such variability stems from the 

action-based aspect of dynamic skills (Fischer & Bidell, 2006).  

Lastly, skills not only manifest but also develop through specific tasks in a particular 

context. They never develop from nothing because skills are context-specific and action-

based. As Fischer and Bidell (2006) point out, skills do not derive from preformed rules 

or logical structures. Skills are gradually constructed through learning with specific 

activities in real contexts.   

Developmental Process of Skills 
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Another pivotal aspect of skills is that they develop hierarchically with the increase 

of qualitative changes (Fischer & Yan, 2002b; Fischer et al., 2002; Fischer & Bidell, 

2006). Skills develop through four tiers: (1) actions, (2) representations, (3) abstractions, 

and (4) principles (Fischer & Bidell, 2006). The essence of the developmental process of 

skills is that each tier is qualitatively distinct from each other.  

To briefly summarize each tier, infants before two-year-old show skills in the tier of 

actions. Skills in this tier are almost equal to sensory motor actions in terms of Piaget’s 

developmental theory (Fischer, 1980; Piaget et al., 1997). Second, children after two-

year-old can gradually develop their skills from sensory motor actions to representations. 

Representations mean concrete thinking that enables children not by their actions but by 

their minds to conceive properties of particular objects, events, and people. Third, 

children around 10- to 12-year-old can show skills in the tier of abstractions. Abstractions 

stand for abstract thinking that enables children to understand and operate abstract 

concepts such as love, dignity, and zest, all of which do not have specific tangible objects. 

Lastly, the final tier emerges around the mid-20s with high supports from others (Fischer 

et al., 2002). In this tier, adults can generate and apply a principle that is constructed by 

multiple complex abstract concepts, ideas, notions, etc. Note that even adults can show 

skills in every tier, depending on tasks and contexts.      

Every tier shares the same cyclic patterns that look like fractal (Ward, 2002; Mainzer, 

2007) in terms of complexity science. Those recursive and self-similar patterns in each 

tier consist of four levels: (1) single sets, (2) mappings, (3) systems, and (4) systems of 

systems (Fischer & Bidell, 2006). Since the four levels repeatedly occur in each tier, it 

would be sufficient to take a look at one example of abstractions tier.  
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First, single abstractions can point out a general abstract attribute or definition 

(Fischer & Kennedy, 1997). For instance, people at this level can identify one abstract 

aspect of concept, theory, and event. Second, abstraction mappings can relate or map at 

least two abstractions to each other. To put it differently, they can link at least two 

abstractions from the perspectives of causality, similarity, or difference. Third, abstract 

systems can coordinate at least two sets of abstract mappings, integrating them in 

complex relations with each other (Fischer & Kennedy, 1997) Lastly, the final level, 

single principles can integrate clusters of abstract systems into a general principle 

(Dawson & Wilson, 2003; Dawson, 2004; Mascalo & Fischer, 2010).    

To recapitulate, skills develop hierarchically through four tiers, each of which 

contains four levels. However, the last level in one tier is the first level in the next tier. 

Therefore, the developmental process of skills consists of 13 levels in total.  

Second Research Question: Combinations of Skill Levels 

The second research question includes two parts: “What kinds of combination of 

skill levels can be seen?” and “How do the combinations change in each class?”  

A teacher and learners dynamically change their skill levels in a classroom. For 

example, a teacher sometimes may give an instruction with a high (or low) skill level, 

and a learner may respond to it with a high (or low) skill level. As well as the 

combinations of behaviors, those of skill levels in the interaction between teacher and 

learners dynamically change over time in a class. 

It is important to shed light on not only behaviors but also skill levels because the 

latter is the underlying structures of the former (Fischer, 1980; Fischer & Bidell, 2006). 

When we observe only behaviors, we will neglect the qualitative differences of behaviors. 
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For instance, if a teacher’s questions are categorized into open questions, these questions 

can have different skill levels. Some questions might be simpler, whereas others might be 

more complex. The same is true to learners’ behaviors because even if their behavioral 

categories are the same, the skill levels can vary. Therefore, it is significant to investigate 

not only behaviors but also skill levels.    

Third Research Questions: Attractor States of Behaviors and Skill Levels 

The third research question addresses: “What kinds of attractor states can be seen in 

the dynamic changes of the combinations of behaviors and skill levels?” and “What are 

the characteristics of the attractor states?” 

This study regards the interaction between teacher and learners as a dynamic system. 

In the principle of dynamic systems theory, attractor states are essential phenomena in the 

developmental process of a dynamic system (Thelen & Smith, 1994). Attractor states 

represent stable conditions of a dynamic system. However, such stable states do not 

imply that dynamic systems are inactive. On the contrary, dynamic systems continue to 

be active in attractor states (Kunnen & van Geert, 2012). In addition, dynamic systems 

have several coexisting attractors (Granic & Hollenstein, 2003). Kelso (1995) calls the 

coexisting attractors “multistability” and finds it in the developmental processes of 

various dynamic systems such as action-perception and brain behavior.  

Several researchers discover attractor states in social interactions. For instance, 

Granic and Lamey (2002) find attractor states in mother-child interactions. Moreover, 

Lichtwarck-Aschoff, Kunnen, and van Geert (2009) reveal attractor states in the context 

of parent-adolescent conflicts. These studies indicate that attractor states are key features 

in human interactions.  
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The main importance of identifying attractor states is that we can understand unique 

behaviors of dynamic systems. In fact, the degrees of attractor states vary depending on 

dynamic systems (Thelen & Smith, 1994). Also, we can grasp a clear picture of the 

developmental process of a particular system when we follow the transitions of attractor 

states. We lose such a dynamic picture of system behaviors if we do not observe attractor 

states. Therefore, identifying attractor states is significant so that we can obtain rich 

information about dynamic behaviors of systems.  

State Space Grid (Granic & Hollenstein, 2003; Granic et al., 2003; Hollenstein, 

2013; Lewis et al., 1999) is an advantageous tool for this study because it can reveal 

diverse aspects of a dynamic system’s trajectory (See the Method section in more detail 

about SSG). SSG can address all of the research questions discussed earlier.  

Method 

Participants 

12 Japanese adults participated in this study (two females and ten males). Their ages 

vary from early 30s to mid 50s. The professional backgrounds of the participants are 

divergent (e.g., CEO, business consultant, business/personal coach, therapist, bureaucrat, 

web designer, etc.). All of the participants voluntarily participated in this study and gave 

credits for research participation.  

Procedure 

The data in this study are derived from the recordings of the online course that the 

author provided in 2015. This online course consisted of five two-hour classes over two 

months. Only the first class was a traditional learning style in that the instructor offered a 

number of explanations. The learning contents of the other classes were based on the first 
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lecture. The course aimed at offering academic and practical knowledge of adult 

development theory so that the participants can apply the knowledge to their professional 

fields. In fact, the participants expected to acquire higher conceptual understandings of 

adult development theory. 

This course utilized “Adobe Connect” which is an online meeting system that 

enables a teacher and learners to engage in interactive learning. In this system, not only a 

teacher can interact with learners, but also learners can interact with one another. Such 

interactions in classes are the actual data in this study.  

After recording the five classes, the recordings were transcribed to qualitative data in 

Japanese. The second procedure was to translate the data into English. Once the 

translation completed, the third procedure was to apply a grounded theory approach 

(Glaser & Strauss, 1967) to classify classroom behaviors of teacher and learners. Given 

the behavioral categories, the author invented a coding system. The last procedure was to 

generate a coding system based on Fischer’s dynamic skill theory (Fischer, 1980; Fischer 

& Bidell, 2006) to convert the qualitative classroom conversations into quantitative skill 

levels.  

Overview of The Coding systems 

This study utilized two coding systems. One coding system was invented based on a 

grounded theory approach (Glaser & Strauss, 1967) to categorize and specify classroom 

behaviors of teacher and learners. In the actual five classes, various types of behaviors 

(e.g., open question, closed question, simple response, etc.) were observed. After the all 

behaviors (n=458) were thoroughly examined, the criteria to classify behaviors were 
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generated on the basis of the author’s teaching experience and valid reasons so that every 

behavior can fit in only one category, not more than one category (see Appendix A).     

The other coding was generated on the basis of Fischer’s dynamic skill theory 

(Fischer, 1980; Fischer & Bidell, 2006) in order to convert the qualitative data into 

quantitative ones. Although there are 12 levels in total in Fischer’s dynamic skill theory, 

the coding system contains only upper seven levels because the lower five levels are not 

seen in general adult conversations. To remind the features of the upper seven levels, 

level 6 “single representations” can identify one aspect of a concrete representation; level 

7 “representational mappings” can relate or map at least two concrete concepts to each 

other; level 8 “representational systems” can coordinate at least two sets of concrete 

mappings, integrating them in complex relations with each other; level 9 “single 

abstractions” can identify one aspect of an abstraction; level 10 “abstract mappings” can 

relate or map at least two abstractions to each other; level 11 “abstract systems” can 

coordinate at least two groups of abstractions, integrating them in complex relations with 

each other; level 12 “single principles” can integrate clusters of abstract systems into a 

general principle. Appendix B illustrates the more detail coding criteria based on some 

previous studies (Dawson & Wilson, 2003; Dawson, 2004; Mascalo & Fischer, 2010; 

Fischer & Kennedy, 1997) using Fischer’s skill scale.    

Inter-Rater and Intra-Rater Reliability of The Coding systems 

Lombard, Snyder-Duch, and Bracken (2010) argue that the appropriate size of the 

sample to test reliability should not be less than 50 data points or 10% of the full sample. 

In order to meet these criteria, 50 data points were selected from the total 458 data points 

to test the inter-rater reliability for the first coding system. The author and supervisor 
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independently examined the same data set, applying the coding manual. The Cohen’s 

Kappa statistic was .877, which shows strong agreement (McHugh, 2012; Brown, 

Glasswell, & Harland, 2004) between the raters. We had five disagreements in our 

analysis, but we solved the problems to elaborate the coding system for future use.   

In addition, the author randomly chose 50 data points and investigated them to 

evaluate the intra-rater reliability for the second coding system. Intra-rater reliability 

represents the same rater’s consistency to evaluate a certain data set (Jonsson & Svingby, 

2007). It may seem obvious that one rater evaluates a data set exactly the same, but it is 

not always true (McHugh, 2012). That is why it is important to calculate intra-rater 

reliability especially for such an expensive coding system that is difficult to measure 

inter-rater reliability. The Cohen’s Kappa statistic was .944, which indicates quite strong 

consistency (McHugh, 2012; Brown et al., 2004). 

State Space Grid 

State Space Grid (SSG) is a software program to analyze a dynamic system’s 

behavior in a state space (Granic & Hollenstein, 2003; Granic et al., 2003; Hollenstein, 

2013; Lewis et al., 1999). At least two mutually exclusive categories are required to use 

SSG. Those mutually exclusive categories generate a grid of cells, each of which 

represents a categorical combination. In an actual case, SSG contains multiple cells, 

depending on the number of categories that a researcher chooses.  

For example, Granic (2005) applies SSG to investigate the interaction in a parent and 

child dyad. Her research generates a 4×4 matrix in a state space. The horizontal 

dimension represents four emotional variables of a parent such as hostile, negative, 

neutral, and positive. The vertical dimension depicts the same emotional variables of a 
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child. Whenever the parent and child shift their emotions throughout the interaction, SSG 

can graphically trace each movement of the emotional patterns in the 4×4 matrix.  

Key Indicators in SSG 

SSG has a number of usages for analyzing a dynamic system’s behavior (Granic & 

Hollenstein, 2003; Hollenstein, 2013). In fact, SSG can provide two important indicators 

to investigate the characteristics of a system’s trajectory. Moreover, SSG can offer two 

key indicators to describe attractor states. In total, this study utilizes four indicators for 

analysis.  

The first indicator is  “Dispersion,” which shows the distribution of the trajectory’s 

cell visits (Hollenstein, 2013). It is the percentage of visited cells to the whole grid. The 

minimum value of dispersion is zero, whereas the maximum value is one. For instance, if 

a trajectory occupies a small number of cells in the whole grid, the value of dispersion is 

low. On the other hand, when a trajectory visits a large number of cells, the value of 

dispersion is high. In other words, dispersion indicates how flexibly a trajectory moves in 

a state space.  

The second indicator is “Duration Per Visit,” which is the average of all of the mean 

durations in individual cells; a mean duration is calculated by dividing a total duration in 

a cell by the number of visits to the cell. Duration per visit represents the degree of how 

strongly the trajectory got stuck in the state space. In other words, it demonstrates the 

overall rigidity of the trajectory (Hollenstein, 2013). The higher the score is, the more the 

trajectory gets stuck somewhere in the state space.  

The third indicator is “Mean Return Time,” which represents the average return time 

for a trajectory to return to a particular cell. Here, return time is the duration of the 



Running head: DYNAMIC DEVELOPMENTAL PROCESSES OF ONLINE ADULT 
LEARNING 
	

 15 

intervals between visits to a particular cell. Mean return time is one of the most direct 

measures of attractor strength (Hollenstein, 2013). Whereas low return times show a 

strong attractor, high return times indicate a weak attractor. The underlying reason 

derives from the definition of attractor. An attractor pulls a trajectory into a specific state 

(Thelen & Smith, 1994). The shorter the return times are, the more the attractor pulls the 

trajectory. Also, the longer the return times are, the less the attractor pulls the trajectory. 

Therefore, a low score of mean return time implies a strong attractor, whereas a high 

score denotes a weak attractor.  

The last indicator is “Mean Number of Visits,” which indicates how often a 

trajectory visits a particular cell. This is also a suitable measure of attractor strength 

(Hollenstein, 2013). The indicator is computed by aggregating the average number of 

visits for the trajectory to visit a particular cell, counting more than two consecutive visits 

as one. The more repeatedly a trajectory visits a particular cell, the higher the score is. 

Thus, a higher score means a stronger attractor.  

Procedures to Find Attractor States 

This study applies a winnowing procedure (Levis et al., 1999; Hollenstein, 2013) to 

identify attractors. The first step is to identify attractor candidates on the basis of the 

number of cell visits. Since formal cut-off criteria do not exist, any cells that are visited at 

least more than two times can be considered as attractor candidates.  

The second step is applying statistical procedures to test the candidates more 

formally. More specifically, the next step is to winnow the candidate cells on the basis of 

the null hypothesis that all visits on the state space are equally distributed. This procedure 

consists of a series of runs, narrowing down the number of the candidate cells to a small 
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set of cells. Each run computes an expected value for each candidate cell by dividing the 

total visits by the number of cells in that run. Then, the actual value of visits in each cell 

is compared with the expected value for each cell. Each cell’s deviation from the 

expected value is squared and summed up. The number of cells divides the summed 

value, and the final value is called heterogeneity score (Hollenstein, 2013). The 

heterogeneity score is calculated for each cell with the same procedure.    

The last step is to determine which cell or cells is an attractor on the basis of the 

proportion of the heterogeneity scores. The first heterogeneity proportion is one, and the 

second proportion is calculated by dividing the second heterogeneity score by the first 

heterogeneity score; the succeeding heterogeneity proportions are computed in the same 

way. If the heterogeneity proportion reaches less than 50%, the remaining cell or cells is 

an attractor (Levis et al., 1999; Hollenstein, 2013).     

Results 

Combinations of Behaviors and Characteristics of The Changes 

Table 1 

Codes for Behaviors of Teacher and Learner 

Number Teacher Learner 
1 Instruction Spontaneous Simple Comment 
2 Open Question Spontaneous Meaningful Comment 
3 Closed Question Spontaneous Open Question 
4 Encouraging Open Question Spontaneous Closed Question 
5 Encouraging Closed Question Encouraged Simple Comment 
6 Reframe Response Encouraged Meaningful Comment 
7 Simple Response Encouraged Open Question 

The first research question addresses what types of combination of behaviors can be 

seen in each class. The efficient way to answer this question is to visually investigate 
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SSG’s outputs of the trajectory in each class. SSG generated the following figures (See 

Figure 1). Each numeric symbol in the figures corresponds with the contents in Table 1.  
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Figure 1. State space grids for five classes in terms of behaviors. 

As Figure 1 illustrates, each class showed different types of trajectory. It also 

demonstrates that a couple of cells (e.g., Teacher Behavior 4 = Encouraging Open 

Question, Learner Behavior 6 = Encouraged Meaningful Comment) frequently appeared. 

On the other hand, Figure 1 shows that some combinations (e.g., Teacher Behavior 2 = 

Open Question, Learner Behavior 1 = Spontaneous Simple Comment) never occurred. 

To address how the combinations of behaviors change in each class requires a more 

thorough analysis on the nature of trajectory in each class. Figure 1 implies that some 

classes had a flexible trajectory that can move around in the state space, whereas other 

classes had a stable trajectory that got stuck somewhere in the state space. To determine 

which class had the most flexible trajectory and which class had the most stable trajectory, 

the following analysis was conducted.  

Most Flexible and Most Rigid Trajectory 

To detect the most flexible and most stable trajectory, the following analysis was 

conducted on the basis of the two indicators shown in the Table 2.  

Table 2 

Two Indicators for The Degree of Flexibility in Each Trajectory 

 1st 2nd 3rd 4th 5th 
Dispersion 0.823 0.932 0.752 0.782 0.634 
Duration Per Visit 1.5 1.067 1.5 1.289 1.724 

First, as mentioned earlier, “Dispersion” is an indicator of the distribution of the 

trajectory’s cell visits (Hollenstein, 2013). The maximum value of dispersion is one, 

whereas the minimum value is zero. Since the value of the dispersion for the second class 

is highest, the trajectory most flexibly moves around in the state space. It means that the 

interaction between teacher-learner behaviors in the second class is most divergent. On 
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the other hand, the trajectory of the fifth class is most stable because the value of the 

dispersion is lowest. It indicates that the interaction between teacher and learners in the 

fifth class is most homogeneous.  

Second, “Duration Per Visit” represents the degree of how strongly the trajectory got 

stuck somewhere in the state space. As Table 2 shows, the trajectory of the fifth class 

most strongly got stuck in the state space because the score is highest. On the other hand, 

the trajectory of the second class had the least rigidity. It demonstrates that the fifth class 

showed the same interaction patterns between teacher and learner most frequently, while 

the second class did least frequently.  

In summary, the analysis showed that the trajectory of the second class was most 

flexible, whereas the trajectory of the fifth class was most stable. The following analysis 

delves into each trajectory in terms of attractor types and attractor strengths. 

Attractor Identification and Attractor Types 

To identify an attractor in each class, the winnowing procedure discussed earlier was 

applied. The key of the procedure is to find out the moment that the heterogeneity 

proportion of attractor candidates reaches less than 50%, which suggests that the 

remaining cell or cells is an attractor. Table 3 showed that the heterogeneity proportion of 

the first class dropped from .54 to .00 in the last step, which indicates that one cell (4, 6) 

was qualified as an attractor in the first class. Applying the same procedure and logic, the 

results (See Appendix C) showed that the second class had three attractor cells——(6, 6), 

(4, 2), and (4, 6)——, the third and fourth class had two attractor cells——(6, 2) and (4, 

6)——, and that the fifth class had only one attractor cell (4, 6).  

Table 3 

Winnowing Procedure to Find an Attractor in the First Class 
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Step 
Visit 

Total # Cells Expected (1, 3) (4, 1) (4, 4) (7, 2) (6, 1) (4, 6) 
1 2 2 2 2 3 5 16 6 2.67 
2  2 2 2 3 5 14 5 2.80 
3   2 2 3 5 12 4 3.00 
4    2 3 5 10 3 3.33 
5     3 5 8 2 4 
6      5 5 1 5 

 
Step {(Actual-expected)2}/expected Sum # Cells H-score H-proportion 

1 0.17 0.17 0.17 0.17 0.04 2.03 2.75 6 0.46 1.00 
2  0.23 0.23 0.23 0.01 1.73 2.43 5 0.49 1.07 
3   0.33 0.33 0.00 1.33 1.99 4 0.50 1.09 
4    0.53 0.03 0.84 1.40 3 0.47 1.02 
5     0.25 0.25 0.50 2 0.25 0.54 
6       0.00 1 0.00 0.00 

The next step for analysis is to categorize each identified attractor into a specific type. 

The second, third, and fourth class possessed multiple attractor cells. The attractor cells 

generated a so-called limit cycle attractor (Thelen & Smith, 1994), which means that a 

trajectory moves around from one attractor state to another. The second, third, and fourth 

class had a limit cycle attractor itinerating from one attractor cell to another among a 

couple of attractor cells.  

On the other hand, the first and fifth class had a different type of attractor, compared 

with the other classes. The qualified attractor in the first and fifth class was only one cell, 

(4, 6). In terms of dynamic systems theory, such attractor is called a point attractor  

(Thelen & Smith, 1994). A point attractor means that a trajectory tends to converge at 

one particular location in a state space. Since the trajectory of the first and fifth class had 

a tendency to converge at the cell (4, 6), it can be categorized into a point attractor.  

To summarize, each class had a different type of attractor. More specifically, the 

second, third, and fourth class possessed a limit cycle attractor. On the other hand, the 

first and fifth class had a point attractor. Also, the results showed that every class shared 
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the same attractor cell (4, 6). The following analysis delves into the developmental 

process of the shared attractor cell in terms of its strength. 

Developmental Process of the Shared Attractor  

The final analysis investigates the strengths of the shared attractor in each class. The 

summary of the results is in Table 4.  

Table 4 

Strength of the Shared Attractor Cell (4,6) in Each Class 

 1st 2nd 3rd 4th 5th 
Mean Return Time 2.8 6.167 3.125 2.545 1.667 
Mean Number of Visits 5 7 9 12 13 

 

Figure 2. Mean return time of the shared attractor. 

First, as discussed earlier, the shorter the return times are, the more the attractor pulls 

the trajectory. Therefore, a lower score of mean return time represents a stronger attractor. 

Figure 2 illustrates that the mean return time experienced a spurt in the second class and 

decreased in the succeeding classes. Also, the shared attractor of the fifth class was 

strongest because the mean return time was shortest. Overall, the tendency of the mean 

return time showed a decrease, although it had a spurt moment in the developmental 

process. 
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Figure 3. Mean number of visits of the shared attractor. 

Second, “Mean Number of Visits” indicates how often a trajectory visits a particular 

cell. The more frequent a trajectory visits a particular cell, the higher the score is. Thus, a 

higher score means a stronger attractor. Figure 3 illustrates that the shared attractor had 

the tendency to increase the score. In terms of mean number of visits, the strength of the 

shared attractor in the first class was weakest, whereas that in the fifth class was strongest.   

To summarize the entire analysis, the first analysis with Figure 1 showed that some 

combinations of teacher and learners’ behaviors appeared frequently and that some 

combinations  (e.g., Teacher Behavior 2 = Open Question, Learner Behavior 1 = 

Spontaneous Simple Comment) never occurred. The second analysis revealed that the 

trajectory of the second class was most flexible, whereas the trajectory of the fifth class 

was most stable. The third analysis demonstrated that each class had a different type of 

attractor, but they shared the same attractor cell. The final analysis indicated that the 

shared attractor cell had a different strength, but the strength tended to increase. In 

particular, the attractor cell in the fifth class was most powerful in terms of both mean 

return time and mean number of visits.   

Combinations of Skill Levels and Characteristics of The Changes 
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Table 5 

Codes for Skill Levels 

Number Skill Levels 
1 Level 0 
2 Level 6 (Single Representations) 
3 Level 7 (Representational Mappings) 
4 Level 8 (Representational Systems) 
5 Level 9 (Single Abstractions) 
6 Level 10 (Abstract Mappings) 
7 Level 11 (Abstract Systems) 
8 Level 12 (Single Principles) 

As Table 5 illustrates, the following analysis includes skill level 0 in order to keep 

the symmetry of the interaction between teacher and learners. In other words, if skill level 

0 were excluded, it would be unattainable to trace the correspondent interaction between 

teacher and learners’ skill levels because skill level 0 sometimes appeared in the 

interaction. Hence, skill level 0 is included in the following analysis.  

The second research question examines what types of combination of skill levels can 

be seen in each class. SSG generated the following figures (See Figure 4). Each numeric 

symbol in the figures corresponds with the contents in Table 5.  
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Figure 4. State space grids for five classes in terms of skill levels. 

As Figure 4 illustrates, each class showed different types of trajectory. It also 

displays that a couple of cells (e.g., Teacher Skill 6 = Level 10, Learner Skill 6 = Level 

10) frequently occurred. On the other hand, Figure 4 demonstrates that some 

combinations (e.g., Teacher Skill 8 = Level 12, Learner Skill 8 = Level 12) never 

appeared. 

To explore how the combinations of skill levels change in each class demands a 

more meticulous analysis on the characteristics of trajectory in each class. Figure 4 

implies the distinct degree of flexibility and stability of each trajectory. To find out which 
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class had the most flexible trajectory and which class had the most stable trajectory, the 

following analysis was conducted.  

Most Flexible and Most Rigid Trajectory 

To determine the most flexible and most stable trajectory, the following analysis was 

conducted on the basis of the two indicators shown in Table 6.  

Table 6 

Two Indicators for The Degree of Flexibility in Each Trajectory  

 1st 2nd 3rd 4th 5th 
Dispersion 0.838 0.894 0.922 0.911 0.889 
Duration Per Visit 1.179 1.089 1.116 1.114 1.111 

The first indicator is called “Dispersion,” which represents the distribution of the 

trajectory’s cell visits (Hollenstein, 2013). Because the value of the dispersion for the 

third class is highest, the trajectory most flexibly moves around in the state space. It 

implies that the interaction in the third class in terms of skill levels is most heterogeneous. 

On the other hand, the trajectory of the first class is most stable because the value of the 

dispersion is lowest. It indicates that the interaction in the first class in terms of skill 

levels is most homogeneous.  

The second indicator is called “Duration Per Visit,” which shows the degree of how 

strongly the trajectory got stuck somewhere in the state space. As Table 6 shows, the 

trajectory of the first class most strongly got stuck somewhere in the state space because 

the score is highest. On the other hand, the trajectory of the second class had the least 

rigidity because the score is lowest. 

To summarize, the analysis found out that the trajectory of the third class was most 

flexible in terms of dispersion, and that the trajectory of the second class was also most 

flexible in terms of duration per visit. On the other hand, the trajectory of the first class 
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was most stable in terms of both dispersion and duration per visit. Further analysis was 

conducted to investigate each trajectory more closely in terms of attractor types and 

attractor strengths.  

Attractor Identification and Attractor Types 

Table 7 

Winnowing Procedure to Find an Attractor in the First Class 

Step 
Visit 

Total # Cells Expected (1, 6) (5, 1) (6, 1) (7, 6) (7, 1) (6, 5) (6, 6) 
1 2 2 2 2 3 3 8 22 7 3.14 
2  2 2 2 3 3 8 20 6 3.33 
3   2 2 3 3 8 18 5 3.60 
4    2 3 3 8 16 4 4.00 
5     3 3 8 14 3 4.67 
6      3 8 11 2 5.50 
7       8 8 1 8.00 

 
Step {(Actual-expected)2}/expected Sum Cells H-score H-proportion 

1 0.42 0.42 0.42 0.42 0.01 0.01 7.51 9.18 7 1.31 1.00 
2  0.53 0.53 0.53 0.03 0.03 6.53 8.20 6 1.37 1.04 
3   0.71 0.71 0.10 0.10 5.38 7.00 5 1.40 1.07 
4    1.00 0.25 0.25 4.00 5.50 4 1.38 1.05 
5     0.60 0.60 2.38 3.57 3 1.19 0.91 
6      1.14 1.14 2.27 2 1.14 0.87 
7       0.00 0.00 1 0.00 0.00 

To detect an attractor in each class, the winnowing procedure discussed earlier was 

applied. Table 7 indicates that the heterogeneity proportion of the first class dropped 

from .87 to .00 in the last step, which represents that one cell (6, 6) was qualified as an 

attractor in the first class. Applying the same procedure and logic, the results (See the 

Appendix D) showed that the second class had two attractor cells——(1, 7) and (1, 6)—

—, the third class had seven attractor cells——(1, 6), (7, 7), (5, 6), (6, 7), (1, 7), (7, 6), 

and (6, 6)——, the fourth class had two attractor cells——(6, 7) and (1, 6)——, and that 

the fifth class had four attractor cells——(6, 7), (1, 6), (1, 7), and (6, 6). 
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As mentioned earlier, when the heterogeneity proportion drops down to less than 

50%, the remaining cell or cells can be recognized as an attractor (Levis et al, 1999; 

Hollenstein, 2013). This is not a formal cut-off criterion but a practical one. If the 

winnowing procedure follows the practical criterion, the cell (7, 7) in the fourth class 

should be regarded as an attractor because the heterogeneity proportion reaches .47 

from .55 in the eighth step shown in Table 8. However, this is an exceptional case, and 

the cell is not an attractor. That is because if the cell is regarded as an attractor, more cells 

such as (1, 7), (5, 6), and (5, 7) should be acknowledged as attractors because of the same 

number of visits. For this reason, the cells (7, 7), (1, 7), (5, 6), and (5, 7) should be 

defined as attractors. Only the cells (6, 7) and (1, 6) are attractors in the fourth class. 

Table 8 

Winnowing Procedure to Find an Attractor in the Fourth Class 

Step 
Visit 

Total # Cells Expected (5, 5) (6, 6) (6, 5 (7, 6) (1, 7) (5, 6) (5, 7) (7, 7) (6, 7) (1, 6) 
1 2 2 3 3 4 4 4 4 6 7 39 10  3.90  
2  2 3 3 4 4 4 4 6 7 37 9  4.11  
3   3 3 4 4 4 4 6 7 35 8  4.38  
4    3 4 4 4 4 6 7 32 7  4.57  
5     4 4 4 4 6 7 29 6  4.83  
6      4 4 4 6 7 25 5  5.00  
7       4 4 6 7 21 4  5.25  
8        4 6 7 17 3  5.67  
9         6 7 13 2  6.50  

10          7 7 1  7.00  
 

Step {(Actual-expected)2}/expected Sum 
# 

Cells 
H-

score 
H-

proportion 
1 0.93 0.93 0.21 0.21 0.00 0.00 0.00 0.00 1.13 2.46 5.87 10 0.59 1 
2  1.08 0.30 0.30 0.00 0.00 0.00 0.00 0.87 2.03 4.59 9 0.51 0.87 
3   0.43 0.43 0.03 0.03 0.03 0.03 0.60 1.58 3.17 8 0.40 0.68 
4    0.54 0.07 0.07 0.07 0.07 0.45 1.29 2.56 7 0.37 0.62 
5     0.14 0.14 0.14 0.14 0.28 0.97 1.83 6 0.30 0.52 
6      0.20 0.20 0.20 0.20 0.80 1.60 5 0.32 0.54 
7       0.30 0.30 0.11 0.58 1.29 4 0.32 0.55 
8        0.49 0.02 0.31 0.82 3 0.27 0.47 
9         0.04 0.04 0.08 2 0.04 0.07 

10          0.00 0.00 1 0.00 0.00 
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The further analysis is to categorize each identified attractor into a specific type. The 

first class had a different type of attractor, compared with the other classes. Since the 

identified attractor in the first class was only one cell, it can be defined as a point attractor  

(Thelen & Smith, 1994).  

On the other hand, all of the other classes possessed multiple attractor cells. The 

attractor cells produced a so-called limit cycle attractor (Thelen & Smith, 1994), which 

represents that a trajectory behaves from one attractor point to another. However, the 

detected limit cycle attractors can be categorized into more specific types. The number of 

attractor points can determine what kind of periods the attractor has (Feldoman, 2012). 

Given the number of attractor points in the classes, the attractor state of the second and 

fourth class had a period-2 orbit, which means that the trajectory tends to return to the 

two attractor cells again and again. From the same reason, the attractor state of the fifth 

class had a period-4 orbit, and that of the third class had a period-7 orbit.  

In summary, only the first class had a point attractor, whereas all of the other classes 

had a limit cycle attractor with distinct periodicity. Also, the results showed that different 

classes shared a couple of the same attractor cells such as (1, 6), (1, 7), (6, 6), and (6, 7). 

The following analysis explores the strengths of the shared attractor cells. 

Strengths of the Shared Attractors  

The final analysis examines the strengths of the shared attractors. As the earlier 

analysis pointed out, some classes shared the same attractor cells such as (1, 6), (1, 7), (6, 

6), and (6, 7). For instance, the previous analysis revealed that the attractor cell (6, 6) was 

defined as an attractor in the first, third, and fifth class. However, the cell was not 

regarded as an attractor in the second and fourth class. Therefore, it is not feasible to 
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analyze the developmental process of the attractor. Instead, the following analysis 

focuses on just attractor strengths and briefly argues the nature of the tendency of 

strengths. Table 9 shows the summary of the strengths of each shared attractor.  

Table 9 

Strengths of the Shared Attractors  

Attractor (1, 6) 1st 2nd 3rd 4th 5th 
Mean Return Time NA 3.75 5.5 4.167 4.286 
Mean Number of Visits NA 9 3 7 7 

Attractor (1, 7) 1st 2nd 3rd 4th 5th 
Mean Return Time NA 4.429 5.4 NA 5.167 
Mean Number of Visits NA 7 5 NA 7 

Attractor (6, 6) 1st 2nd 3rd 4th 5th 
Mean Return Time 2.857 NA 5.667 NA 4.444 
Mean Number of Visits 8 NA 6 NA 9 

Attractor (6, 7) 1st 2nd 3rd 4th 5th 
Mean Return Time NA NA 8 4 7.333 
Mean Number of Visits NA NA 4 6 4 

As discussed earlier, the shorter the return times are, the more the attractor pulls the 

trajectory. Therefore, a lower score represents a stronger attractor. On the other hand, 

“Mean Number of Visits” shows how often a trajectory visits a particular cell. The more 

frequent a trajectory visits a particular cell, the higher the score is. Thus, a higher score 

means a stronger attractor. 

Examining Table 9 in a horizontal way, the attractor cell (1, 6) appeared strongest in 

the second class according to both mean return time and mean number of visits. The 

attractor cell (1, 7) emerged strongest in the second class for the same reason, but it was 

also the strongest attractor in the fifth class in terms of mean number of visits. The 

attractor cell (6, 6) emerged strongest in the first class in terms of mean return time, 

whereas it showed up strongest in the fifth class in accordance with mean number of 
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visits. Finally, the attractor cell (6, 7) appeared strongest in the forth class in terms of 

both mean return time and mean number of visits. 

Investigating Table 9 in a vertical way, the strongest attractor in the first class was (6, 

6), and that in the second class was (1, 6) in accordance with both mean return time and 

mean number of visits. On the other hand, the other classes possessed two different 

strongest attractors. In the third class, the cell (1, 7) was strongest in terms of mean return 

time, whereas the cell (6, 6) was strongest according to mean number of visits. In the 

fourth class, the cell (6, 7) was strongest in accordance with mean return time, while the 

cell (1, 6) was strongest in terms of mean number of visits. Lastly, in the fifth class, the 

cell (1, 6) was strongest in terms of mean return time, whereas the cell (6, 6) was 

strongest according to mean number of visits. 

In addition, Table 9 shows that the strength of each shared attractor fluctuated over 

the course. Each shared attractor sometimes emerged strongest in one class but 

sometimes weakest in another class. On the contrary, it was sometimes not even an 

attractor. The attractor cells changed their nature and appearance dynamically over the 

course.    

To summarize the whole analysis on the interaction of skill levels, the first finding 

was that some combinations of teacher and learners’ skill levels appeared frequently and 

that some combinations  (e.g., Teacher Skill 8 = Level 12, Learner Skill 8 = Level 12) 

never occurred. The second finding was that the trajectory of the third class was most 

flexible in terms of dispersion and that the trajectory of the second class was also most 

flexible in terms of duration per visit. On the other hand, the trajectory of the first class 

was most stable according to both dispersion and duration per visit. The third finding 
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showed that only the first class had a point attractor and that all of the other classes had a 

limit cycle attractor with different periodicity. Furthermore, the results indicated that 

different classes shared a couple of the same attractor cells. The last finding revealed that 

the shared attractor cells dynamically changed their strengths over the course.  

Discussion 

Discussion on Research Findings about Teacher-Learner Interactions of Behaviors 

The results answered the first research questions: “What kinds of combination of 

behaviors can be seen?” and “How do the combinations change in each class?” As the 

results indicated, some combinations (e.g., teacher’s encouraging open question and 

learner’s encouraged meaningful comment) frequently appeared, whereas other 

combinations (e.g., teacher’s open question and learner’s spontaneous open question) 

never occurred. The thorough analysis revealed that the trajectory composed of the 

combinations of behaviors in each class changed differently in term of flexibility.  

The results also answered the third research question addresses: “What kinds of 

attractor states can be seen in the dynamic changes of the combinations of behaviors?” 

and “What are the characteristics of the attractor states?” The analysis showed that each 

class possessed one or a couple of attractors. The characteristics of the attractor states 

were categorized into a limit cycle attractor or a point attractor. Lastly, the results found 

that each class shared one attractor cell (4, 6). 

The final analysis showed that the shared attractor cell increased its strength over the 

course, which means that the number of appearance of the cell increased. This finding 

indicated that the combination of teacher’s encouraging open questions and learners’ 

meaningful comments increased over the course. One of the reasons for this phenomenon 
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might be that the teacher came to know better the learners’ expertise and their previous 

experiences as the course progressed. It enabled the teacher to understand whom he 

should ask a question for a specific discussion topic, which resulted in more questions 

directed toward one specific learner who could give a meaningful answer. Thus, the 

number of the combination gradually increased over the course, which contributed to 

enhancing the strength of the shared attractor.  

However, it is notable that the stability of the whole trajectory for each class did not 

always increase, even though the shared attractor——local stability——constantly 

increased its strength over the course. On the contrary, the global stability in terms of 

dispersion and duration per visit dynamically fluctuated over the course (See Table 2). 

This is surprising because it implies that the strength of the shared attractor may not 

necessarily develop in parallel with the development of the trajectory’s global stability in 

each class. Therefore, investigating the developmental process of the shared attractor’s 

strength is not sufficient to elucidate the entire dynamism of the classroom’s interactions.    

 Another captivating phenomenon is that the teacher started to frequently use 

“reframe response” from the second class. One reason might be related with the fact that 

the learning environment of the first class was more conventional than the other classes in 

that the teacher had to explain the purpose and structure of the course and had to offer 

theoretical instructions so that the learners can deepen the discussion in the succeeding 

classes. Another reason for the increase of the teacher’s reframe response is that the 

teacher might have intended to give the learners an opportunity to elaborate their 

thoughts in a different way than he asked questions.   
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Moreover, except for the first and second class, the teacher’s reframe responses 

began to elicit learners’ spontaneous meaningful comments, which resulted in generating 

the attractor cell (6, 2) from the third class toward the end of the course, although the cell 

was the final attractor candidate in the fifth class. It was a transitional moment for such 

an interaction-oriented learning environment as the course in this study because the 

fundamental purpose of such a course is to involve learners in a classroom discussion and 

encourage them to make a spontaneous comment rather than a passive simple comment. 

In that sense, it was a positive result that the number of the learners’ spontaneous 

meaningful comments began to increase from the third class toward the end of the course.  

Finally, besides the increase of the learners’ specific behaviors, it is worthy focusing 

on what type of their behaviors decreased over the course. Interestingly, the learners 

stopped asking spontaneous open and closed questions from the third class. At first 

glance, this can be seen as negative. However, this is not a necessarily negative 

phenomenon because the learners began to make more spontaneous comments instead of 

asking questions. As mentioned before, the first class was a traditional learning 

environment in that the teacher had to offer some theoretical instructions, and thus, it is 

reasonable to speculate that the learners asked spontaneous questions in the first class to 

clarify their understandings of the teacher’s lecture. In addition, it is understandable that 

the learners still asked spontaneous questions in the second class to digest the first class’s 

lecture. Through such a process, the learners might have begun to replace spontaneous 

questions with spontaneous comments from the third class.  

Discussion on Research Findings about Teacher-Learner Interactions of Skill Levels 
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The results answered the second research question: “What kinds of combination of 

skill levels can be seen?” and “How do the combinations change in each class?” As the 

results revealed, some combinations (e.g., teacher’s skill level 10 and learner’s skill level 

10) often appeared, whereas other combinations (e.g., teacher’s skill level 10 and 

learner’s skill level 11) never occurred over the course. The analysis found that the 

trajectory composed of the combinations of skill levels in each class changed 

dynamically in terms of flexibility.  

The results also answered the third research question: “What kinds of attractor states 

can be seen in the dynamic changes of the combinations of skill levels?” and “What are 

the characteristics of the attractor states?” The analysis showed that only the first class 

possessed one attractor and that the other classes had a couple of attractors. The attractor 

of the first class was categorized into a point attractor, while the attractors of the other 

classes were categorized into a limit cycle attractor.  

One of the results showed that different classes shared a couple of the same attractor 

cells; (Teacher skill level, Learner skill level) = (1; Level=0, 6; Level 10), (1; Level 0, 7; 

Level 11), (6; Level 10, 6; Level 10), and (6; Level 10, 7; Level 11). This result implies 

that the leaners had a strong tendency to show high skill levels throughout the course, 

whereas the teacher tended to constantly show both low and high skill levels over the 

course. It may not be surprising that both the teacher and learners used high skill levels in 

the interaction because the teacher encouraged the learners to apply their professional 

experiences to the contents of the course and because the purpose of the course was to 

make the learners acquire high skill levels about the course material. 
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However, it is a noteworthy finding that the teacher continued to apply low skill 

levels throughout the course. Some examples from the text are: “Yes, I also think it is 

important to use coaches or therapists outside a company.” “Oh, really? Haha. From what 

reasons do you think so?” “I see. When your positions change, your roles change. Could 

you tell us more about it?” Skill levels of these comments are low, but the comments are 

supportive for the learners.  

What does it imply that the teacher continued to apply both low and high skill levels? 

It may suggest that a teacher should provide both support and challenge so that learners 

can attain high skill levels. In other words, providing not only challenge based on high 

skill levels but also support based on low skill levels is important to facilitate learners’ 

skill levels. Even though all of the learners in this study were professional adults, they 

needed not only challenge but also support to show high skill levels.    

Another important finding was that the shared attractor cells dynamically changed 

their strengths over the course and that the strengths were relatively weak. It is plausible 

that the shared attractors competed with one another, and thus, their strengths became 

weak and fluctuated throughout the course. To see the shared attractors qualitatively, they 

had two combinations of the interaction between the teacher and learners: (1) low skill 

levels of the teacher and high skill levels of the learners and (2) high skill levels of the 

teacher and high skill levels of the learners. As mentioned earlier, the results implied that 

the teacher provided both support and challenge over the course. It is reasonable to think 

that the teacher used low skill levels when he wanted to provide the learners with support, 

whereas the teacher applied high skill levels when he wanted to give a challenge to the 
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learners. The back-and-forth movement from support to challenge might generate a 

competing force to fluctuate the strengths of the shared attractors.  

It is worthy to point out that the leaners never showed the highest skill level 12 in the 

course. Also, the teacher used the highest skill level 12 twice in the first class and once in 

the second class, and he did not use it in the other classes. Skill level 12 (single 

principles) demands to integrate a couple of conceptual systems into a highly advanced 

concept or theory. This skill level is difficult to operationalize not only for novices in a 

field but also for experts in the field. Therefore, the teacher did not use it so often, and 

learners never utilized it over the course. However, why did the teacher use it in the first 

and second class? The main reason is that the teacher had to provide some advanced 

theoretical instructions in the first and second class so that the learners could discuss on 

the basis of the advanced concepts and theories. Another reason is that the teacher 

intended to discuss in the succeeding classes about practical issues on the basis of the 

contents especially in the first class, trying not to offer any new complicated concepts and 

theories after the first class. 

Integration of Both Findings  

To put together the previous two discussions, it is important to investigate the 

relationship between the attractors of behaviors and skill levels. First of all, the difference 

between the findings of behaviors and skill levels is that the entire trajectory of behaviors 

had fewer attractors than that of skill levels did. In addition, comparing with the findings 

in Table 2 and 6, the trajectories of skill levels in almost all of the classes except for the 

second class were more flexible than those of behaviors in terms of dispersion and 

duration per visit. 
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As mentioned earlier about the interactions of behaviors, the behavioral attractor (6, 

2)——(Reframe response, Spontaneous meaningful comment)——began to appear from 

the third class. Also, the attractor (4, 6)——(Encouraging open question, Encouraged 

meaningful comment)——continued to appear from the first class to the end of the 

course. Here, it is notable that both active and reactive behaviors of the learners 

continued to occur from the third class to the end of the course. In other words, the 

learners constantly showed two functionally different directions of behaviors from the 

third class; “spontaneous” and “encouraged” meaningful comments. 

What are the possible factors of this phenomenon? First, it can be explained from the 

teacher’s behaviors. As the attractors imply, the teacher frequently applied encouraging 

open questions and reframe responses from the third class to the fifth class. It may be 

self-evident that the teacher’s encouraging open questions could elicit the learners’ 

encouraged meaningful comments. However, the finding implies that the teacher’s 

reframe response might have a power to extract the learners’ spontaneous meaningful 

comments. To put it differently, one of the possible factors to cause the two functionally 

different directions of behaviors of the learners can derive from the teacher’s two 

functionally distinct behaviors. More specifically, the teacher’s encouraging open 

questions can be categorized into “challenge” for the learners, whereas the teacher’s 

reframe responses can be classified as “support” for the learners. These functionally 

different behaviors of the teacher may have caused the learners’ two distinct behaviors.   

Another possible factor derives from the teacher’s skill levels. As the results 

indicated, the attractors that consist of the teacher’s high and low skill levels began to 

appear only from the third class. In other words, the teacher provided the learners with 
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“challenge” based on high skill levels and “support” based on low skill levels from the 

third class. In parallel with the emergence of the combination of high and low skill levels 

from the third class, the learners began to show those two qualitatively distinct behaviors. 

Therefore, not only the two different behaviors of the teacher but also the two distinctive 

skill levels of the teacher might have correlated with the two functionally distinct 

behaviors of the learners.  

To summarize, the underlying mechanism that the learners continued to show two 

functionally different directions of behaviors from the third class might derive from the 

reason that the teacher provided the learners with challenge and support in terms of both 

behaviors and skill levels.   

Limitations of This Research 

This research has two limitations. First, this study utilized intra-rater reliability for 

evaluating the coding system of skill levels instead of using inter-rater reliability. 

Because the coding system was highly technical, it required skillful coders. Also, the 

evaluating procedure was quite time-consuming. Therefore, the author by himself had to 

randomly choose 50 data points from the total 458 data points and evaluate the intra-rater 

reliability. Although the Cohen’s Kappa statistic was .944, which indicates quite strong 

consistency, we should be careful with this limitation.  

Second, this study regarded all learners as one collective entity. In other words, this 

study did not focus on each learner’s behavior and skill level at an individual level. 

Instead, the learners’ behaviors and skill levels were considered at a group level. We do 

not comprehend unique contributions of each learner to a classroom interaction unless we 
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take into account individual behaviors. In particular, it is still unclear about who 

contributed to which attractors of the interaction.  

Some learners had more working experiences and tended to show higher skill levels 

in a classroom discussion. Every learner in this study contributed to the course in a 

unique way and at a different level. For instance, a learner with high motivation and high 

skill levels might have strengthened an attractor state in a class, but this kind of effect 

could not be investigated in this study because individual differences were not considered. 

Therefore, if our research purpose is to explore what kind of learners’ characteristics 

creates a dynamic interaction in a classroom, we have to take into account individual 

differences.      

Practical and Research Implications 

First of all, this study revealed the importance of examining the combination of 

teacher and learners’ behaviors and skill levels in order to investigate the dynamics of the 

teacher-learner interaction. The characteristics and developmental processes of attractors 

in this study offered rich information for the dynamic processes of the teacher-learner 

interaction. More specifically, two sets of different variables (e.g., teacher behavior and 

learner behavior) generated different types of attractors and distinct developmental 

processes of attractors. If we focus on either teacher or learners, we would not detect such 

a dynamic developmental process of interaction. In sum, this study suggests researchers 

that a study on dynamic interaction processes should not examine variables separately but 

investigate the combination of variables that create the interaction. One of the promising 

research tools would be SSG.  
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In terms of practice of teaching, this study implies that either challenge or support is 

not sufficient to facilitate learning outcomes for adult learners. As the results of this study 

suggest, even professional adults need support to learn something new. Therefore, 

teachers should not assume that adult learners who are professional in a certain domain 

do not require support. On the contrary, teachers should provide adult learners with 

support so that they can construct their skills at a higher level. This study offers teachers 

with a practical implication that both challenge and support are important for teaching 

adult learners even though they are professionals in a certain domain.  

  In addition to the practical implication, this research expanded the scope of research 

on adult learning. As mentioned earlier, several researchers (e.g., Granic & Lamey, 2002; 

Granic et al., 2003; Granic & Hollenstein, 2003; Granic, 2005) find attractor states in 

social interactions. Their findings focus on mother-child interactions or parent-adolescent 

interactions. However, few studies examine attractor states in adult-adult interactions. 

Addressing the issue of the limited number of previous study on attractor states in adult-

adult interactions, this research demonstrated that attractor states could also be observed 

in adult-adult interactions in the context of online learning.  

More concretely, this research revealed that specific types of the interaction in terms 

of behaviors and skill levels could generate attractor states. In addition, this research 

found that the attractor states had different strengths and distinct processes of 

development; some attractors gradually increased the strengths, whereas others suddenly 

appeared or disappeared over the course. Lastly, this study gave one more intriguing 

implication that attractors at two different dimensions (e.g., behaviors and skill levels) 
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might correlate with one another in terms of strength. The significance of the correlation 

can be tested with statistical techniques in future research.   

Future Research Directions 

This explorative study offers at least two future research ideas. First, it is intriguing 

to investigate the influence not from teacher to learners but from learners to teacher. This 

study examined how the teacher’s behaviors and skill levels affect those of the learners. 

In other words, this study focused on the single causality from the teacher to learners. 

However, the interaction between teacher and learners inherently contains multi-causality 

in that both teacher and leaners affect one another. Therefore, exploring how the leaners’ 

behaviors and skill levels have an influence on those of the teacher is an attractive 

research topic.  

Second, it is captivating to closely examine the behavioral types of skill level 

attractor and the skill levels of behavior attractor. This study did not delve into what kind 

of skill levels a specific attractor based on behaviors of the teacher and learners has or 

what kind of behavioral types a specific attractor based on skill levels of the teacher and 

learner has. In other words, this study did not investigate what kind of skill levels the 

teacher and learners showed when their behaviors generated an attractor state. For 

instance, the skill level of the teacher’s reframe responses and the skill level of the 

learners’ spontaneous comments were not investigated. Also, this study did not scrutinize 

what kind of interaction types the teacher and learners displayed when their skill levels 

caused an attractor state. For example, the behavioral type of the teacher’s skill level 10 

and the behavioral type of the learners’ skill level 11 were not examined. Hence, if future 

research explores the behavioral types of skill level attractor and the skill levels of 
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behavior attractor, we would be able to obtain more detail understandings of the 

dynamism between the behaviors and skill levels in the classroom interaction.  
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Appendix A 

Coding Scheme for Behaviors of Teacher and Learners 

Teacher’s behavior 
Behavior type Definition Example 

Instruction The teacher explains something without 
reframing what a learner said before and 
without encouraging comments and 
questions.  

“The essential notion 
of adult 
developmental theory 
is that adults can 
develop throughout 
life.”  

Open question The teacher asks an open question for 
every learner in the class to make a 
comment.  

“OK, everyone, what 
is the relationship 
between cognitive 
development and 
emotional 
development?” 

Closed question The teacher asks a closed question for 
every learner in the class to make a 
comment. 

“Do have any 
question about the 
topic?” 
“OK, does anyone 
have a comment or 
question on what Mr. 
A said?” 

Encouraging open 
question 

The teacher directly calls a specific 
learner’s name or asks an open question 
to an implicitly specific person 
according to the context.  

“Mr. A, what do you 
think about the 
concept?”   
“Oh, I see what you 
meant. By the way, 
what did you mean by 
~?” 

Encouraging closed 
question 

The teacher directly calls a specific 
learner’s name or asks a closed question 
to an implicitly specific person 
according to the context.  

“Mr. A, is that clear 
for you?”  
“I understand your 
point. Is this related to 
the theory mentioned 
before?” 

Reframe response The teacher reframes or paraphrases 
what a learner explained before.  

“That’s an interesting 
point. You were 
talking about the 
difference between 
stage 3 and 4 in terms 
of Kegan’s theory. It 
is true that people at 
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stage 3 tend to 
conform a group 
norm. On the other 
hand, people at stage 
4 can go beyond such 
a group norm and 
make an autonomous 
decision-making 
based on their value 
systems.” 

Simple response The teacher makes a short comment with 
no instructional meanings. 

“I see.”  
“That’s interesting.” 
“Thank you for your 
comment.” 

 
Learner’s behavior 

Behavior type Definition Example 
Spontaneous simple 
comment 

Without a teacher’s encouraging 
question, a learner makes a spontaneous 
comment but with no specific meanings. 

“Thank you. That 
totally makes sense to 
me.” 
“It’s an interesting 
point.” 

Spontaneous 
meaningful 
comment 

Without a teacher’s encouraging 
question, a learner makes a spontaneous 
comment with some meanings. 

“About what you 
explained, I think 
developmental theory 
can be applied in 
various fields such as 
business, coaching, 
education, etc.” 
“Yeah, I agree. From 
my experience, the 
same thing often 
happens. I guess it 
comes from the 
reason that most 
people in my 
company are at stage 
3.”   

Spontaneous open 
question 

Without a teacher’s encouraging 
question, a learner spontaneously asks an 
open question to the teacher. 

“Excuse me, but I’m 
still wondering about 
the Subject-Object 
theory. What is the 
essence of the 
theory?” 
“I’m not so clear 
about the point yet. 
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Could you tell us the 
difference between 
“objectification of 
shadow” and 
“integration of 
shadow”?”  

Spontaneous closed 
question 

Without a teacher’s encouraging 
question, a learner spontaneously asks a 
closed question to the teacher. 

“I think the point is 
closely linked to stage 
4 issues. Is it 
correct?” 

Encouraged Simple 
comment 

With a teacher’s encouraging question, a 
learner makes a responsive comment but 
with no specific meanings. 

“Yeah, I agree, but I 
don’t know...” 
“Yes, that’s 
interesting.” 

Encouraged 
meaningful 
comment 

With a teacher’s encouraging question, a 
learner makes a responsive comment 
with some meanings. 

“Thank you for asking 
me. Well, I believe 
the concept can be 
applied to evaluate 
developmental stages 
of coaching clients.” 
“Yes, I want to make 
a comment. From my 
coaching experiences, 
my clients often show 
their shadow 
elements, and I 
encourage them to 
face their shadow and 
accept them.” 

Encouraged open 
question 

With a teacher’s encouraging question, a 
learner makes an open question to the 
teacher. 

“Thank you for asking 
me. Yes, I have a 
question. What is the 
key to facilitating 
development for 
people at stage 3?”  
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Appendix B 

Coding Scheme for Skill Levels of Teacher and Learners 

Level Definition Example 
Level 0 Sentences with no meanings 

related with lectures are coded 
as Level 0. Also, questions 
with no specific information 
are coded as Level 0. 

- “Oh, that’s interesting.” 
- “What’s your thought on 
that?”  

Single 
representations 
(Level 6) 

This level points out a 
concrete attribute or definition. 
It identifies one aspect of a 
concrete representation. 

 - “I’m reading a map.” 

Representational 
mappings  
(Level 7) 

This level relates or maps at 
least two concrete concepts to 
each other. The links typically 
involve causality, similarity, or 
opposition.  

- “I want to continue web 
designs and to do something 
new.” 
- “Yes, I printed out the text, 
then I was reading it, 
highlighting and adding my 
comments on the text.” 

Representational 
systems  
(Level 8) 

This level coordinates at least 
two sets of concrete mappings, 
integrating them in complex 
relations with each other.  

- “In elementary schools in 
Japan, listening and speaking 
instead of reading have been 
emphasized recently. The 
English teacher told me that 
listening to various different 
sounds of the same word can 
cultivate students’ English 
ability.” 

Single abstractions 
(Level 9) 

This level points out a general 
abstract attribute or definition. 
It identifies one aspect of an 
abstraction. 

- “You mentioned Wilber’s 
“Spectrum of consciousness” 
and “Atman project,” which I 
think are great books to 
understand the development 
of human consciousness.” 
- “Spatial awareness is, for 
instance, to read a map or 
not.” 

Abstract mappings  
(Level 10) 

This level relates or maps at 
least two abstractions to each 
other. The links typically 
involve causality, similarity, or 
opposition. 

- “Yes, I think that 
developmental stages can be 
affected by an economic level 
in society. For example, some 
countries in Africa do not 
have a high economic level, 
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and in fact, their 
infrastructures are not so well 
established. Also, their 
educational systems and food 
supplies are not developed, 
which affect the development 
of consciousness.” 
 
- “Mr. Okauchi’s answer was 
interesting to me in that his 
answer mentions self-
awareness and other-
awareness. My answer only 
refers to understanding 
others. In addition, Mr. 
Tanaka, Yoshikawa, and 
Nakabayashi also point out 
both aspects. Mr. Arai, 
Mayumi, and I focus on 
understanding others. 
Therefore, there are two 
directions in the answers.” 

Abstract systems 
(Level 11) 

This level coordinates at least 
two groups of abstractions 
(coordinates at least two sets 
of abstract mappings), 
integrating them in complex 
relations with each other. 

- “People at stage 5 have a 
unique capability to embrace 
other people with different 
value systems, instead of 
saying something actively. In 
a sense, they can create a safe 
environment so that every 
participant in a dialogue can 
join and share his or her 
unique perspectives. Yet, as 
you mentioned, they can not 
only accept diversity but also 
make a final decision to 
gather various perspectives.” 
 
- “I felt interested in that our 
value systems can be 
deepened. On the basis of the 
contents in the first week, the 
change of our meaning-
making means the maturity of 
our consciousness, is it 
correct? My understanding is 
like that, and the change of 
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our meaning-making 
represents ego-centric to 
group centric and to self 
again. Furthermore, I suppose 
our value systems are 
different like our finger prints 
because the diversity is a root 
of human evolution. We 
behave differently with 
various value systems, which 
accelerates human evolution.” 

Single principles 
(Level 12) 

This level integrates clusters of 
abstract systems into a general 
principle. 

- “Development is a 
continuous process from a 
Subject to another Object. 
“Subject” in this picture is the 
existence that we cannot 
objectify. For instance, when 
anger shows up within us and 
we cannot objectify it, out 
Subject is embedded in the 
anger. The more we move 
from a particular Subject to 
Object, the more our 
awareness expands. In other 
words, in accordance with the 
development of 
consciousness, we can 
become more and more be 
able to objectify a number of 
phenomena. I think that 
developmental support is 
giving others a new 
awareness that enables them 
to objectify their current 
Subject.” 
 
- “From developmental 
psychology perspectives, 
there is a relationship 
between language level and 
intelligence level. Of course, 
non-verbal aspects are 
included in intelligence, but 
in the context of structural 
developmental psychology, 
we often measure language 
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levels to evaluate intelligence. 
Although there are varieties 
in the answers we are 
discussing now, we have to 
pay attention to one thing. It 
is true that each answer has a 
uniqueness, which is called 
“ground value” by Ken 
Wilber. On the other hand, 
each answer has a different 
depth, which is called 
“intrinsic value.”  The 
significant role of structural 
developmental psychology is 
to focus on the differences of 
depth. In other words, 
developmental measurement 
focuses not on ground value 
but on intrinsic value.” 
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Appendix C 

Winnowing Results for Behaviors 

Table C-1 

Winnowing Procedure to Find an Attractor in the Second Class 

Step 
Visit 

Total 
# 

Cells Expected (3, 3) (4, 1) (6, 2) (6, 5) (7, 2) (6, 6) (4, 2) (4, 6) 
1 2 2 3 3 3 5 6 7 31 8 3.88 
2  2 3 3 3 5 6 7 28 7 4.00 
3   3 3 3 5 6 7 26 6 4.33 
4    3 3 5 6 7 24 5 4.80 
5     3 5 6 7 21 4 5.25 
6      5 6 7 18 3 6.00 
7       6 7 13 2 6.5 
8        7 7 1 7.00 

 

Step {(Actual-expected)2}/expected Sum 
# 

Cells H-score H-proportion 
1 0.91 0.91 0.20 0.20 0.20 0.32 1.16 2.51 6.41 8 0.80 1.00 
2  1 0.25 0.25 0.25 0.25 1 2.25 5.25 7 0.75 0.94 
3   0.41 0.41 0.41 0.10 0.64 1.65 3.62 6 0.60 0.75 
4    0.68 0.68 0.01 0.3 1.01 2.68 5 0.54 0.68 
5     0.96 0.01 0.11 0.58 1.66 4 0.415 0.52 
6      0.17 0 0.17 0.34 3 0.11 0.14 
7       0.04 0.04 0.08 2 0.04 0.05 
8        0.00 0.00 1 0.00 0.00 

Table C-2 

Winnowing Procedure to Find an Attractor in the Third Class 

Step 
Visit 

Total # Cells Expected (4, 2) (7, 2) (6, 6) (6, 2) (4, 6) 
1 2 3 4 5 9 23 5 4.60 
2  3 4 5 9 21 4 5.25 
3   4 5 9 18 3 6.00 
4    5 9 14 2 7.00 
5     9 9 1 9.00 

 
Step {(Actual-expected)2}/expected Sum # Cells H-score H-proportion 

1 1.47 0.56 0.08 0.03 4.21 6.35 5 1.27 1.00 
2  0.96 0.30 0.01 2.68 3.95 4 0.99 0.78 
3   0.67 0.17 1.50 2.34 3 0.78 0.61 
4    0.57 0.57 1.14 2 0.57 0.45 
5      0.00 1 0.00 0.00 

Table C-3 

Winnowing Procedure to Find an Attractor in the Fourth Class 
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Step 
Visit 

Total 
# 

Cells Expected (3, 2) (7, 2) (5, 6) (6, 6) (4, 2) (6, 2) (4, 6) 
1 2 2 3 4 5 7 12 35 7 5.00 
2  2 3 4 5 7 12 33 6 5.50 
3   3 4 5 7 12 31 5 6.20 
4    4 5 7 12 28 4 7.00 
5     5 7 12 24 3 8.00 
6      7 12 19 2 9.50 
7       12 12 1 12.00 

 

Step {(Actual-expected)2}/expected Sum 
# 

Cells H-score H-proportion 
1 1.80 1.80 0.80 0.20 0.00 0.80 9.80 15.20 7 2.17 1.00 
2  2.23 1.14 0.41 0.05 0.41 7.68 11.92 6 1.99 0.92 
3   1.65 0.78 0.23 0.10 5.43 8.19 5 1.64 0.76 
4    1.29 0.57 0.00 3.57 5.43 4 1.36 0.63 
5     1.13 0.13 2.00 3.26 3 1.09 0.50 
6      0.66 0.66 1.32 2 0.66 0.30 
7        0.00 1 0.00 0.00 

Table C-4 

Winnowing Procedure to Find an Attractor in the Fifth Class 

Step 
Visit 

Total # Cells Expected (4, 5) (6, 1) (5, 6) (7, 2) (6, 2) (4, 6) 
1 2 2 3 3 5 13 28 6 4.67 
2  2 3 3 5 13 26 5 5.20 
3   3 3 5 13 24 4 6.00 
4    3 5 13 21 3 7.00 
5     5 13 18 2 9.00 
6      13 13 1 13.00 

 
Step {(Actual-expected)2}/expected Sum # Cells H-score H-proportion 

1 1.53 1.53 0.60 0.60 0.02 14.86 19.14 6 3.19 1.00 
2  1.97 0.93 0.93 0.01 11.70 15.54 5 3.11 0.97 
3   1.5 1.5 0.17 8.17 11.34 4 2.84 0.89 
4    2.29 0.57 5.14 8.00 3 2.67 0.84 
5     1.78 1.78 3.56 2 1.78 0.56 
6      0.00 0.00 1 0.00 0.00 
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Appendix D 

Winnowing Results for Skill Levels 

Table D-1 

Winnowing Procedure to Find an Attractor in the Second Class 

Step 
Visit 

Total # Cells Expected (1, 5) (5, 1) (6, 1) (6, 7) (7, 1) (1, 1) (6, 6) (7, 6) (1, 7) (1, 6) 
1 2 2 3 3 3 4 4 4 7 9 41 10  4.10  
2  2 3 3 3 4 4 4 7 9 39 9  4.33  
3   3 3 3 4 4 4 7 9 37 8  4.63  
4    3 3 4 4 4 7 9 34 7  4.86  
5     3 4 4 4 7 9 31 6  5.17  
6      4 4 4 7 9 28 5  5.60  
7       4 4 7 9 24 4  6.00  
8        4 7 9 20 3  6.67  
9         7 9 16 2  8.00  

10          9 9 1  9.00  
 

Step {(Actual-expected)2}/expected Sum 
# 

Cells 
H-

score 
H-

proportion 
1 1.08 1.08 0.30 0.30 0.30 0.00 0.00 0.00 2.05 5.86 10.95 10 1.10 1.00 
2  1.26 0.41 0.41 0.41 0.03 0.03 0.03 1.64 5.03 9.23 9 1.03 0.94 
3   0.57 0.57 0.57 0.08 0.08 0.08 1.22 4.14 7.32 8 0.92 0.84 
4    0.71 0.71 0.15 0.15 0.15 0.95 3.53 6.35 7 0.91 0.83 
5     0.91 0.26 0.26 0.26 0.65 2.84 5.19 6 0.87 0.79 
6      0.46 0.46 0.46 0.35 2.06 3.79 5 0.76 0.69 
7       0.67 0.67 0.17 1.50 3.00 4 0.75 0.68 
8        1.07 0.02 0.82 1.90 3 0.63 0.58 
9         0.13 0.13 0.25 2 0.13 0.11 

10          0.00 0.00 1 0.00 0.00 
 

Table D-2 

Winnowing Procedure to Find an Attractor in the Third Class 

Step 
Visit 

Total 
# 

Cells Expected (1, 4 (3, 3) (5, 4) (6, 3) (1, 6) (7, 7) (5, 6) (6, 7) (1, 7) (7, 6) (6, 6) 
1 2 2 2 2 3 3 4 4 5 5 6 38 11  3.45  
2  2 2 2 3 3 4 4 5 5 6 36 10  3.60  
3   2 2 3 3 4 4 5 5 6 34 9  3.78  
4    2 3 3 4 4 5 5 6 32 8  4.00  
5     3 3 4 4 5 5 6 30 7  4.29  
6      3 4 4 5 5 6 27 6  4.50  
7       4 4 5 5 6 24 5  4.80  
8        4 5 5 6 20 4  5.00  
9         5 5 6 16 3  5.33  

10          5 6 11 2  5.50  
11           6 6 1  6.00  
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Step {(Actual-expected)2}/expected Sum 
# 

Cells 
H-

score 

H-
propo
rtion 

1 0.61 0.61 0.61 0.61 0.06 0.06 0.09 0.09 0.69 0.69 1.88 6.00 11 0.55 1 
2  0.71 0.71 0.71 0.10 0.10 0.04 0.04 0.54 0.54 1.60 5.11 10 0.51 0.94 
3   0.84 0.84 0.16 0.16 0.01 0.01 0.40 0.40 1.31 4.12 9 0.46 0.84 
4    1.00 0.25 0.25 0.00 0.00 0.25 0.25 1.00 3.00 8 0.38 0.69 
5     0.39 0.39 0.02 0.02 0.12 0.12 0.69 1.73 7 0.25 0.45 
6      0.50 0.06 0.06 0.06 0.06 0.50 1.22 6 0.20 0.37 
7       0.13 0.13 0.01 0.01 0.30 0.58 5 0.12 0.21 
8        0.20 0.00 0.00 0.20 0.40 4 0.10 0.18 
9         0.02 0.02 0.08 0.13 3 0.04 0.08 

10          0.05 0.05 0.09 2 0.05 0.08 
11           0.00 0.00 1 0.00 0.00 

Table D-3 

Winnowing Procedure to Find an Attractor in the Fifth Class 

Step 
Visit 

Total 
# 

Cells Expected (5, 7) (5, 6) (6, 5) (7, 6) (7, 7) (6, 7) (1, 6) (1, 7) (6, 6) 

1 2 3 3 3 3 4 7 7 9 41 9  4.56  
2  3 3 3 3 4 7 7 9 39 8  4.88  
3   3 3 3 4 7 7 9 36 7  5.14  
4    3 3 4 7 7 9 33 6  5.50  
5     3 4 7 7 9 30 5  6.00  
6      4 7 7 9 27 4  6.75  
7       7 7 9 23 3  7.67  
8        7 9 16 2  8.00  
9         9 9 1  9.00  

 
 

Step {(Actual-expected)2}/expected Sum 
# 

Cells 
H-

score 
H-

proportion 
1 1.43 0.53 0.53 0.53 0.53 0.07 1.31 1.31 4.34 10.59 9 1.18 1 
2  0.72 0.72 0.72 0.72 0.16 0.93 0.93 3.49 8.38 8 1.05 0.89 
3   0.89 0.89 0.89 0.25 0.67 0.67 2.89 7.17 7 1.02 0.87 
4    1.14 1.14 0.41 0.41 0.41 2.23 5.73 6 0.95 0.81 
5     1.50 0.67 0.17 0.17 1.50 4.00 5 0.80 0.68 
6      1.12 0.01 0.01 0.75 1.89 4 0.47 0.40 
7       0.06 0.06 0.23 0.35 3 0.12 0.10 
8        0.13 0.13 0.25 2 0.13 0.11 
9         0.00 0.00 1 0.00 0.00 

 


