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Abstract  
Research documents how social capital can provide access to resources, such as information, that 
enable people to develop new knowledge that can contribute to improved productivity. In this paper, 
we define the construct of educational infrastructure and use it to empirically examine and theorize 
how educational infrastructure, as designed and implemented by school systems, structures school 
staff interactions about instruction – a necessary if not sufficient condition for the development of 
social capital. By educational infrastructure we mean those resources that school systems design and 
mobilize to guide classroom teaching, maintain teaching quality, and enable instructional improvement 
(e.g., curricular materials; system procedures and organizational routines; professional learning). 
Using longitudinal data from one local public school system, we explore how the school system’s 
redesigned educational infrastructure with the school building’s physical or architectural infrastructure 
influences school staff interactions about instruction. 

Our paper reports on a longitudinal mixed-methods study that examined school staff interactions about 
instruction in all 14 elementary schools in a mid-sized local school system (Local Educational Agency) 
we call Auburn Park (AP). In the spring of 2010, 2011, 2012, and 2013, all elementary school teachers 
and administrators in AP’s elementary schools were sent a survey that asked them about their day-to-
day work, their perceptions of their schools, their backgrounds, their work-related interactions, and 
their room number. We also did semi-structured interviews with a purposeful sample of 33 school staff 
in five schools, selected to maximize variation on dimensions believed important to interactions among 
school staff about instruction.  

In this paper, we show that both educational infrastructure and school physical infrastructure influence 
teacher interactions about instruction. First, school system educational infrastructure including formal 
leadership positions, system and school level organizational routines, curriculum, and student 
assessments influence teachers’ interactions about teaching. Components of the educational 
infrastructure worked in interaction to structure who teachers interacted with, how they interacted, and 
what they interacted about. Second, physical infrastructure at the building level influences interactions 
about teaching among staff. We also identify two mechanisms through which a school’s physical 
infrastructure enables interactions about instruction.  

Keywords: Professional learning, infrastructure, social networks.  

1 INTRODUCTION  
One key finding over the past few decades from research on teacher learning is that teachers learn on 
the job from their interactions with colleagues. Studies have documented and theorized the returns 
both to individual and organizations from social interactions, what sociologists term social capital. 
Social capital refers to “real or potential” resources for action attained through relations with others [1]-
[3].  

While we know that social capital matters, for key outcomes such as teacher effectiveness, student 
achievement, and school improvement, we know much less about how to develop social capital in 
schools and school systems. In other words, how can we design school systems and schools so as to 
maximize teachers’ opportunities to learn on the job from their interactions with peers? Social relations 
don’t just happen naturally. One recent review of the sociological literature identifies three sorts of 
factors associated with the existence, creation, and persistence of dyadic ties – associative (i.e., 
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compatibility between two actors’ characteristics), relational (i.e., positioning of actors in a social 
network), and proximity (i.e., positioning of actors in time and space) [4]. Social relations among 
people are shaped by not only individual preferences but also the situations in which they work. Thus, 
in order to invest in social capital in schools and school systems, that is, design school systems that 
enable the development of social capital, we must understand whether and how aspects of the 
organizational situation can be redesigned so as to shape interactions among school staff.  

In this paper, we examine how a school system’s educational infrastructure influences school staff 
interactions about instruction – a necessary if insufficient condition for the development of social 
capital. Specifically, we should how various components of the school system’s educational 
infrastructure were redesigned to support a particular vision for mathematics instruction and how these 
components worked together and in interaction to influence teachers’ interactions about mathematics 
teaching. Further, we show how the school building’s physical infrastructure also influenced school 
staff interactions about mathematics instruction.  

2 METHODOLOGY 

2.1 Study design and data collection 
Our analysis is based on data from a longitudinal study of a mid-sized US school district, referred to as 
Auburn Park (AP), serving a predominantly white population of 5,852 students in 14 elementary 
schools (kindergarten to grade six) during the 2012-2013 school year. All elementary school teaching 
and administrative staff were asked to respond to a School Staff Questionnaire (SSQ) annually from 
2010 to 2016, which included questions pertaining to organizational culture, advice and information 
interactions with colleagues, and staff background. To study school staff interactions, we focused our 
analysis on social network items that were previously developed and validated [5], [6]. Respondents 
were asked two questions: “Who are your closest colleagues in your school?” and “During this school 
year, to whom have you turned to for advice and/or information about curriculum, teaching, and 
student learning?” For the second question, respondents also indicated the content area related to the 
advice and/or information they sought from each person: mathematics, reading/English language arts, 
and other. For both questions, respondents were asked to indicate how often they interacted with each 
person listed, from once per year (1) to daily (4). Given the district’s emphasis on redesigning their 
infrastructure for elementary mathematics instruction, we focus our analysis on mathematics 
interactions.  

Our survey data collection was augmented by qualitative interview data. Specifically, based on the 
survey results and administrative data, we purposefully sampled school staff members in five schools 
for interviews, selecting schools in order to maximize variation in terms of the student population 
served by the school and to capture variation in the organizational infrastructure for mathematics 
instruction – e.g., presence of a mathematics coach. We selected both schools that served students 
from low income families and schools that did not, because students’ socio-economic background and 
teachers’ beliefs about students from different backgrounds are important influences on classroom 
instruction [7]. Further, we selected schools to represent a range of organizational infrastructures for 
mathematics, such as schools with and without math coaches, as prior work suggests this was likely 
to be an important influence on interactions among school staff about mathematics [8].  

In each school, we conducted interviews with school staff members in order to better understand how 
and why they interacted about mathematics instruction, and to identify the content of these 
interactions. We interviewed the principal and four to seven teachers per school, for a total of 33 
interviews. We interviewed either the coach or the lead mathematics teacher in each school; we also 
included teachers from different grades, as well as teachers who were integrated and some who were 
isolated in their school mathematics advice and information networks, as determined by our survey 
data analysis.  

2.2 Data analysis 

2.2.1 Quantitative analysis 
We fit a series of covariate stochastic blockmodels [9] to examine advice or information ties within 
schools, where the probability of a tie was a function of both group membership and individual- and 
dyadic-level measures. The covariate stochastic blockmodel is a conditional independence model, 
where ties are independent of one another conditional on the covariates and school membership. In 
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addition, our covariate stochastic blockmodel explicitly accounts for group or block membership as 
defined by school assignment; thus, we assume that ties within one’s block are more likely than 
between-block ties.  

The covariate stochastic blockmodel for individual i seeking advice from individual j is as follows [10]:  

 

In this model, BSiRj is the probability of a tie from the group that i belongs to the group that j belongs. 
B is therefore a g x g  , denoting the probability of ties between each pair of groups. For example, the 
entry B12 represents the probability of a tie from any individual from group 1 to any individual in group 
2. Thus, the overall probability of a tie is influenced by group membership, individual-level covariates a 
for advice seekers and b for advice providers, and dyad covariates d .  

We used hierarchical latent space models (HLSMs; [11]) We implemented our HLSMs as follows [12]:  

 

In this model, the dependent variable Yijk indicates a tie directed from staff member i to staff member j 
in school k. Zik and Zjk are the latent space positions for staff members i and j, which control for 
structural aspects of each school’s network that might affect the likelihood of a tie. Xijk represents 
individual-, pair-, or network-level covariates; of these, the key independent variable is a measure of 
propinquity between school staff, which in some analyses was measured as the within-building 
walking distances between two staff members’ workspaces; in other analyses, we measured this as 
the overlap between functional zones in the dyad.  

2.2.2 Qualitative Analysis 
Our analysis of interview data included several phases involving both inductive and deductive 
approaches [13]. First, we closed coded all data for references to the who, how, what, and why of 
interactions about instruction in general and mathematics instruction in particular. For example, we 
coded around shared professional experiences that facilitated interactions among school staff 
members, as well as the subject- and student-specific content of those interactions. These ‘macro 
codes’ helped to ‘sensitize’ us initially in order to focus our analysis on our research questions, while 
simultaneously allowing us to pay attention to themes that emerged from our interview data [14], [15]. 
For reliability purposes, the researchers coded one-third of the interviews to establish interrater 
reliability [16]. This process included coding one interview and meeting to discuss commonalties and 
discrepancies. The researchers then recoded the interview and again discussed differences. Once 
kappa coefficients [17], [18] of .85 or greater were achieved, researchers coded four additional 
interviews. Kappa coefficients for these interviews ranged from .72 to .99.  

Using the report feature of NVivo 9, we generated reports by school and by position (e.g., principal, 
teacher) for each code in Phase 1 in order to identify patterns. For example, one pattern that emerged 
was the prominence of organizational routines, such as the PLC routine, regardless of school or the 
informant’s position.Second, we closed coded the data for any references to organizational routines 
and other features of the educational infrastructure (e.g., coaches, curriculum) including any 
descriptions of the design, implementation, structure, and functioning of these components. Reports 
by school and position from this second phase of coding enabled us to identify patterns that were 
especially important for our research questions. Third, we open coded by school all data identified 
under these codes, identifying themes and patterns that are reported in our findings below. Fourth, 
using the report feature of NVivo9, we generated reports for the ‘‘why’’ code in Phase 1 extracting all 
references to physical proximity and then open coded all these data excerpts in order to identify 
patterns.  
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3 RESULTS 
Based on our analysis, we develop and support four main arguments. First, we describe the school 
district’s efforts to redesign its educational infrastructure for primary school instruction. Second, we 
show that components of the school system’s educational infrastructure worked in interaction to 
influence who school staff interacted with about their teaching. Indeed, aspects of the school system’s 
educational infrastructure had a much larger effect on school staff interactions than actors’ individual 
characteristics (e.g., associative factors). We also show how different components of the school 
district’s educational infrastructure instruction worked together and in interaction to influence who 
teachers talked to about their mathematics instruction. Third, we show how the school building’s 
architectural infrastructure also influenced teachers’ interactions about instruction. Fourth, we show 
that school system educational infrastructure interacts with school building architectural infrastructure 
to influence school staff interactions about instruction. We organized our findings below around these 
four main findings. 

3.1 Educational infrastructure design and redesign 
In the interest of space, we focus on the district’s efforts to redesign educational infrastructure for 
primary school mathematics here, though it is important to note that these design efforts also focused 
on other school subjects, especially English Language Arts, and instruction more broadly. In an effort 
to improve the quality of mathematics instruction in elementary schools Auburn Park’s (AP) district’s 
mathematics leadership team, made up of district office staff and teacher representatives from a 
majority of elementary schools, worked to redesign its educational infrastructure to support 
mathematics instruction. Central to these efforts was the selection of a new elementary school 
mathematics curriculum that supported a more inquiry approach to mathematics instruction. While 
there some teachers and school leaders had reservations about a curriculum that took a more inquiry 
approach to teaching mathematics, the district mathematics leadership committee adopted the 
curriculum.  

Though focal, the district’s new mathematics curriculum was just part of the district’s efforts to 
redesign their educational infrastructure [19]. District leaders also redesigned others aspect of their 
educational infrastructure including formal leadership positions, professional development, and system 
and school level organizational routines. To begin with, district partnered with a local university to 
implement Fundamental Math, a professional development program that included a K–3 Math 
Specialist certification program and support for participants when they returned to their schools as 
lead math teachers or math coaches. The 1.5 year program focused on deepening teachers’ 
knowledge of core math topics exposing them to topics covered in new district mathematics curriculum 
and building their knowledge of the concepts necessary to support an inquiry-based approach. District 
leaders working with school principals strategically selected teachers who were considered good 
mathematics teachers and who had leadership potential for participation in this professional 
development program. Thus, the district not only created new school-based leadership positions for 
mathematics but also invested in the professional development of these individuals.  

In addition, district leaders also mobilized system level and school level organizational routines to 
support the implementation of the new mathematics curriculum. Organizational routines denote “a 
repetitive, recognizable pattern of interdependent actions, involving multiple actors” [20, pp. 95]. The 
district leadership committee for mathematics enabled district leaders and teacher representatives 
from school buildings to work together regular to identify implementation challenges with the new 
curriculum and develop strategies for addressing these challenges. As a district office staff person 
noted, “The power in our leadership committee is that we build capacity in our teachers, and they 
make good, solid decisions.” Further, school level routines including weekly grade level team meetings 
and Professional Learning Committee Meetings (PLCs), enabled regular and ongoing teacher 
interactions about instruction in general and mathematics instruction in particular. In addition to grade-
level teachers, special education teachers, literacy coaches, and, on occasion, the principal 
participated in PLC meetings.  

3.2 Educational infrastructure and school staff interactions about instruction  
Within schools, our findings show the importance of the educational infrastructure in influencing 
instructional interactions among school staff. Formal leadership position, and a subject-specific 
leadership position specifically, increased the odds of a school staff member being sought out for 
instructional advice and information within his or her school. While school staff members with formal 
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leadership positions were more likely to provide advice and information than individuals without such 
positions, we found that subject- specific leaders were much more likely to provide advice than other 
formal leaders in AP. The effect of being a math leader (2.05) was greater than being a non-subject- 
specific leader (0.38) in the district’s math networks (see Table 1, [10]). Further, teachers who taught 
the same grade were much more likely to have an instructional advice and information tie, as indicated 
by a large positive dyadic effect of same grade for mathematics (3.35). Conversely, the small negative 
dyadic effect of same gender for mathematics (-0.46) indicates that being of the same gender slightly 
decreased the odds of having an instructional advice and information tie. Further, teachers who taught 
multiple grades were less likely to seek and provide advice and information, as suggested by a 
negative individual effect of multiple grades taught in mathematics (-2.85, -2.84) (see [10] for more 
information). Individual-level factors, such as years of experience, had a very small negative effect, 
suggesting that professionals with increasingly more experience were slightly less likely to either 
provide or seek instructional advice from peers. Overall, our quantitative analysis suggests that the 
school system’s educational infrastructure influenced school staff members’ instructional advice and 
information interactions and exercised a stronger influence than individual characteristics such as 
gender or experience. 

Table 1.  Covariate stochastic blockmodels for within-school ties, Mathematics 

 
Note: Non-math formal leaders are defined as formal leaders who were not designated as mathematics 
*p < .05. 

Our analysis of qualitative interview data supports and extends the above findings, especially with 
respect to interactions about mathematics instruction among school staff. While our quantitative 
analysis suggests that particular components of AP’s educational infrastructure were especially 
influential in shaping who teachers interacted with about mathematics instruction, our qualitative 
analysis of interview data shows how these individual components of the educational infrastructure 
worked in interaction rather than in isolation. More specifically, our analysis suggests that simply being 
assigned to a particular grade level was not the core mechanism but rather that grade level 
assignment worked in interaction with other aspects of the educational infrastructure to influence 
interactions about teaching, in particular participation in grade level organizational routines and access 
to formal mathematics school leaders. All teachers interviewed stated that their participation in PLCs 
emphasized curriculum and teaching practice, as opposed to the day-to-day planning that was the 
focus of other grade-level meetings. A fourth-grade teacher described her focus on curriculum 
implementation during a PLC: ‘‘I had a question about why, why are we doing this [in the new 
curriculum]? Why does this fit in and can you explain this? It’s a method for adding… usually in 
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Investigations they give you lots of different methods to add up a problem and it was one of them that I 
was not exactly sure on.’’ She described how the PLC provided an opportunity for her to make sense 
of the new math curriculum with her colleagues. Similarly a third-grade teacher captured the 
collaborative and consensus-like nature of PLC exchanges: ‘‘We work really well together. We’re all 
open to suggestions and… when you’re sinking and you’re thinking, ‘What else can I do?’ somebody 
comes up with, try this.’’ For her, norms of collaboration and openness dominated the PLC, with 
colleagues being ‘‘open to suggestions’’ and working ‘‘well together.’’ All thirty-three school staff we 
interviewed identified participation in the grade-level PLC routine as being especially influential in 
shaping who they interacted with about instruction. 

But participation in PLC routines did not work in isolation but rather in interaction with other aspects of 
the educational infrastructure. And it did so in several ways. First, a new inquiry based district math 
curriculum created challenges for teachers as they implemented it in their classrooms, promoting them 
to seek advice from colleagues as they grappled with instructional challenges in teaching in a new 
way, creating some dissonance for teachers. The discomfort teachers felt created incentives to 
interact in PLCs, as teachers needed opportunities to grapple with the instructional decisions and 
challenges they faced: “When we had just the regular curriculum, there really wasn’t much to discuss. 
We were both on page 20,” a kindergarten teacher, explained, “Whereas now there’s so many 
different strategies and things people are doing to help emphasize Investigations. I definitely think 
there’s more room for discussion than there used to be.”  
Further, math coaches and teacher leaders and indeed school principals figured prominently in the 
performance of PLCs. Specifically, teachers referred to how participation of math coaches or math 
teacher leaders enabled their exchanges in PLC meetings. For example, another kindergarten teacher 
commented on the grade-level professional learning communities (PLC) routine, which all teachers at 
her school participated in weekly: “When we’re planning together, if we have a question, [our math 
coach] is always there to help.” She explained that the math coach knows “more about the curriculum. 
She’s really good about saying… ‘Don’t miss this part’ or ‘This is what you really wanna have the kids 
get out of this.’ Her account captures how the grade-level PLC routine facilitated intra-school 
interactions among teachers teaching the same grade and also enabled interactions with the school’s 
math coach. In summary, components of the districts educational infrastructure worked in together 
and in interaction to structure teachers’ interactions about mathematics instruction.  

In turn, the work of math coaches and math teacher leaders was supported by an extensive 
professional development program for these leaders provided by a local university coupled with their 
monthly participation in the district’s mathematics leadership committee. The mathematics leadership 
committee routine not only played a central role in redesigning the district’s educational infrastructure 
for mathematics but also enabled teacher leaders to develop the capacity to support teachers in their 
schools in implementing the new mathematics curriculum. As one member of the math leadership 
committee explained: “We’re given a lot of training in the committee that we’re expected to bring back 
to the buildings, and so we hear about a lot of things… that deepens the understanding and… these 
are things I need to be doing.’” These monthly meetings enabled these math leaders to develop the 
knowledge and skill needed to support teachers in implementing the new mathematics curriculum. The 
committee also provide an opportunity for teacher leaders to work together, as another member 
explained, to figure out “how to help teachers understand why we’re not doing algorithms so much and 
we’re doing the student-invented strategies more,” the underlying rationale for the new approach to 
teaching mathematics. Finally, the math leadership committee also enabled teacher leaders to relay 
information collected from teachers in their schools about the implementation of the new math 
curriculum to their colleagues and district leaders and discuss ways of addressing implementation 
challenges. As a sixth-grade teacher remarked about her fellow sixth grade teacher who was a 
member of the math leadership committee “that’s who I go to because she’s kind of the lifeline to the 
curriculum department at central office.” Empirically, our analysis captures how the school district’s 
redesigned educational infrastructure shaped instructional interactions among school staff about 
mathematics.  

3.3 School architectural infrastructure and interactions about instruction 
While our analysis shows that school system ‘educational infrastructure matters, we cannot ignore 
another aspect of infrastructure – the physical infrastructure of school buildings. We show that school 
building architecture also influenced school staff interactions about instruction. Further, physical 
proximity moderated the influence of the educational infrastructure (e.g., teaching the same grade 
level) on interactions among school staff about instruction.  
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Physical closeness, as measured by within-building walking distance, predicts work-related 
interactions among school staff. As the physical distance between a pair of staff members increases, 
the likelihood of an interaction between them about instruction decreases (see Panel A of Table 2 
[12]). To get a sense of the magnitude of these findings, our estimates for 2013 suggest that if the 
workspaces of two staff members who had a 30 percent probability of interacting about instruction 
were moved 78 feet further apart (one standard deviation of distance), their probability of having a 
close colleague tie would decrease to 24 percent. Based on our analysis of qualitative interview data, 
we found that, 27 of the 33 interviewees (82 percent) volunteered physical proximity as a reason for 
interacting with a colleague. Some staff reported that physical proximity reduced the cost of making a 
connection. Explaining her interaction with a colleague about mathematics, a fifth-grade teacher at 
one school remarked that “because we’re next door to each other… because we have that connecting 
door it’s just easier than [going] across the hall.” Consistent with our quantitative analysis, this fifth-
grade teacher’s account suggests than even small distances – going next door versus going across 
the hall – can influence who teachers interact with about instruction.  

But walking distance is only one aspect of physical proximity. Another aspect is functional work zones, 
and more importantly when it comes to teachers’ interactions about instruction, the extent to which two 
staff members’ functional zones overlap with one another can influence interactions about instruction 
(see Fig. 1 [12]). The extent of overlap between the functional zones of two staff members positively 
predicted the likelihood of having an interaction between them about instruction, after controlling for 
the covariates in our models (see Panel B in Table 2 [12]) and this relationship held regardless of how 
we defined the functional zones in school buildings. Based on our analysis of interview data, we found 
that school leaders’ and teachers’ accounts also suggest that proximity enables interactions by 
creating opportunities for chance encounters among staff. As a sixth-grade teacher explained ‘it’s 
casual it’s just, you see them… because it’s more like in passing… hallways.’’  

We also conducted several analyses to examine whether physical proximity and ties were 
endogenous and, based on these analyses, conclude that endogenous choice of location within 
buildings does not provide a central explanation for our findings (for more details, see [12]). 

 
Figure 1. Illustration of functional zone overlap 
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Table 2.  Associations between propinquinty and ties in Close Colleague, Mathematics,  
and Language Arts networks, Auburn Park, 2010 to 2013 

 

3.4 The interaction of school system educational infrastructure and school 
building architectural infrastructure 

Our quantitative analyses suggest that school system educational infrastructure and school building 
architectural infrastructure interact to shape school staff interactions about instruction (See Table 3 
[12]). Specifically, grade-level assignments moderate the effects of physical proximity on instructional 
interactions, such that physical proximity has a stronger influence on instructional interactions between 
school staff assigned to teach the same grade level than on instructional interactions between staff 
who teach different grade levels (for more details see [12]). These findings were inconsistent across 
years of the study and network type (e.g., close colleague, math network, English Language Arts 
Network). Still, they suggest that school building physical infrastructure may moderate the influence of 
school system educational infrastructure.  
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Table 3.  Associations between Propinquity and Ties in Close Colleague, Mathematics, and Language Arts 
Networks, Including Interactions with Same Grade, Auburn Park, 2010 to 2013. 

 

Our analyses of qualitative data, suggests that architectural infrastructure works in concert with 
aspects of the school system educational infrastructure to influence interactions about teaching. As 
one first-grade teacher explains “just before each unit we [teachers in her grade level] sit down and we 
talk about what, what are the objectives, what do the students have to learn, what activities can we do 
to ensure success… we were doing a graphing activity and the students graphed and we [other 
teachers in her grade level] were discussing the graph out in the hallway and um, she happened to 
walk by and she just kind of sat down and joined us and so then I just asked her… some feedback on, 
you know, how my conversation went and what I could have [done] to…deepen the kids’ 
understanding.” This teacher’s account captures how interactions with colleagues enabled by the 
school system’s educational infrastructure (e.g. PLC routines, team level meetings) interactions about 
teaching, are extended and supplemented by informal interactions that are enabled by physical 
proximity. 

Increasing likelihood of chance encounters with colleagues, functional zone overlap, and sheer 
proximity, may also create opportunities for developing a different sort of knowledge about instruction 
than formal exchanges. While complementing formal interactions, informal interactions may serve a 
unique purpose, providing teachers an opportunity to discuss problems and dilemmas soon after they 
occur, while still mindful of them, potentially enabling teachers to develop particular ‘just in time’ 
knowledge and skills about teaching. 

4 CONCLUSIONS 
Our paper is an antidote of sorts to the contemporary literature on design of learning environments in 
at least three respects. First, much of the work on design of learning environments focuses on 
students in formal and informal settings and pays much less attention to the teachers/professionals in 
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these settings and their learning and development. This is especially true in the US context where 
scholars have paid limited attention to how we might design schools to enable professional learning of 
the adults who enable learning of others on the job. Second, when scholars do attend to the design of 
learning environments for professionals they tend to focus on the individual school building rather than 
the school system. Our account suggests that we need to extend this focus beyond the school building 
to the school system and work to better understand how school systems can work to design learning 
environments that enable professionals to learn from one another both within and between schools. 
Third, much of the recent work on designing learning environments for professionals focuses on the 
novel – on line learning, the role of social media (e.g., Facebook, Twitter), etc. – in enabling 
professional learning. We acknowledge the importance of virtual learning environments, but at the 
same time our account offers an antidote; suggesting that as we attend to technological advances we 
not lose sight of the more mundane, the more ordinary such as material artifacts, organizational 
routines, formal leadership positions in school systems and even physical architectural infrastructure 
in enabling interactions that promote learning among professionals in systems and organizations. We 
suspect, based on our analysis, that new technologies do not supplant traditional modes of interaction 
among professionals in schools and school systems, but rather supplement them. Hence, the key 
empirical question concerns the affordances of more traditional and more virtual modes of structuring 
interactions among professionals in school and school systems about instruction, and the interactions 
among them.  
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