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The definition of complex systems is a system composed of interconnected parts that as a whole exhibit one or more properties (behavior among the possible properties) not obvious from the properties of the individual parts.  Within the broad term complex systems, we focused our project on three sections under complex systems, which are pattern formation, networks, and their collective behavior.  Our title “Analyzing Social Patterns” combined those three aspects of complex systems by analyzing the patterns with students in Informatics I399, developing a social network to visualize the progress of relationships in class, and surveying what each student’s background and likes are.   
The problem we wanted to know was if there was a direct correlation between the commonalities and the weight of a particular group of connections in our course.  Over the course of the semester the connections between classmates grew from each passing questionnaire to the point we could use the networking program Network Workbench to visualize the networks and place each person in his or her group based almost completely on who the person connected to.  The surveys were used to give each node in the network an identity, which we could use to match people together and see if our research problem was actually true or not.
To do this, we needed to use a program to analyze how similar one person’s data was to another.  We also needed to create a value system for each answered question, so we decided it was appropriate to just number each value and input the data into a table for easy transfer and manipulation of information.  The program used to test similarity was called SPSS 18, which would calculate the distance or “similarity” of each person to another.  We found that there was almost no relationship between similarities of people and who that person made friendships with in Informatics I399, if we were to expand the study, at least 100 people would be required before we could determine a conclusion because 34 students in one class that separates students into groups is not enough.
[bookmark: _Toc292274285]Introduction and Statement of the Research Problem
What are complex systems?  Complex systems is a system composed of interconnected parts that as a whole exhibit one or more properties (behavior among the possible properties) not obvious from the properties of the individual parts.  They can be as small or smaller than ant colonies and as large as or larger than human infrastructure.  In fact, most systems utilized by human beings are classified under complex systems.  Mathematics plays a huge part in complex systems, which we employed in our research, but that will be explained in detail later.  
When we were introduced to the term complex systems, none of us had an idea of what complex system entailed.  For our introduction of complex systems, we were shown bird flight patterns.  We found this example to be detailed enough for us to understand generally what complex systems was, but we wanted to focus on some key aspect because we would not be able to comprehend complex systems without an understanding initially.
To begin understanding complex systems, we focused on social networks because we all had experience with Facebook, and even though complex systems is not exactly the same as Facebook, it gave us some way to relate this concept to our experiences.  Social networks are interesting because people interact in many different ways for online social networks, and we wanted to expand our understanding of complex systems at this point.  Looking at the bird flight patterns, we decided that patterns would be important in our project.  
By analyzing patterns, we could look for commonalities between two objects in a network.  Of course the next step would be to give these objects attributes by looking at the collective behavior of the objects network.  The first idea we thought of was to analyze the Informatics I399 class about their reasoning for enrolling into this class, but we felt this idea was too silly for a research project, so we expanded our thinking to the reasons why people in classes network.  We focused the idea more by limiting it to only our Informatics class, which would cut down how much confusion that could occur with such a huge scale project, and also we were just learning about complex systems, so there were multiple factors that kept our scale down.
We ended up handing out surveys and questionnaires to gather data.  To use this data, we needed to use two key programs, which will also be explained later in the paper.  Our results in the research were not exactly what we thought they would be, but the process still taught us plenty about how complex systems work, and what exactly complex systems are.  In this class we took a basic understanding of complex systems and refined our understanding to apply complex systems to the whole class.  We performed research on the Informatics I399 research class.
We had to meet up many times to refine what exactly we wanted explained, and what exactly we wanted to research in this class.  We decided that the research problem would be “if there was a direct correlation between the commonalities and the weight of a particular group of connections in our course.”  We felt this was completely relevant to complex systems and, in addition, would be a fun way to see how classes interact throughout the semester.  The remainder of this paper will be organized into the following sections:  Purpose, Background and Related Work, Research Methodology and Analysis, Results, Conclusions and Recommendations, and Appendices.
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We will explore how the social network (in this class) evolves over the course of the semester; with particular focus on what academic commonalities that emerge between people in the network who connect outside their particular group. In addition to observing the connections made, the study will evaluate the strength of these connections. We hope to see a correlation between the connections and the scholastic commonalities.

[bookmark: _Toc292274287]Background and Related Work
The Analysis of Social Networks:
The definition in The Analysis of Social Networks for social network analysis is explained as, “the disciplined inquiry into the patterning of relations among social actors, as well as the patterning of relationships among actors at different levels of analysis (such as persons and groups).” (Breiger)  This quote is exactly what we wanted to see when we did our surveys and questionnaires.  We wanted to see a pattern develop in our class, and we wanted to find a reason as to why those relationships occurred.  This quote is exactly what we wanted to analyze when we started the group, “direct observation does reveal to us that...human beings are connected by a complex network of social relations.”  We wanted to understand why this happens and apply it to the whole class.  
Qualitative data seems to be just as important in the analysis of social networks as the quantitative data is that labels each person or thing.  The methods relate to our group because we wanted to look at the qualities each person possessed when determining why people in the class become friends with one another.  In this article, it was stated that, “samples of independent actors or relationships are only rarely the focus of network analysis,” this relates to our project because only focusing on one or two relationships would severely limit our accuracy for our conclusion, as well as create a situation where the information could cause us to find the wrong answer, which would be even worse than accuracy.  Another supporting quote, “networks data often arises from actors who are engaged (often directly, often metaphorically), in conversation with one another, and an increasingly prominent strand of network analysis emphasizes the discursive framing and cultural embedding of social networks,” again like stated before, we wanted to analyze the social patterns and the networks built in the class to understand why they are made.
Visualizing Social Networks:
The historian Alfred Crosby has proposed that visualization is one of only two factors that are responsible for the development of all of modern science. The other is measurement. These two factors seem to have been central in the growth of social network analysis. Images of social networks have provided investigators with new insights about network structures and have helped them to communicate those insights to others. Most networks are represented by pint and line displays, and in most of these displays the points represent social actors and the lines represent connections among the actors. The overwhelming majority of network images have involved the use of points and lines. In the present paper they focus on the development of those point and line images. The progression of this is indicated below:
1. Hand Drawn Images in Social Network Analysis
2. Point and Line Images Grounded in Computation
3. Computer Generated Point and Line Images
4. Screen Oriented Point and Line Images
5. Network Images in the Era of Web Browsers
Overall, this review of the use of graphic imaging in social network analysis points up a number of interesting trends. Perhaps the most central is the clear indication that imagery has, and has always had, a key role in network research. From the beginning images of networks have been used both to develop structural insights and to communicate those insights to others.
As time passed, however, images have increasingly been constructed by applying standardized procedures for placing points in first two, and later in three-dimensional space. Modern technology promises to enhance our ability to learn from images by continuing to provide new tools that allow for more powerful visualizations. They state the real breakthrough will occur when the development of a single program that can integrate these three kinds of tools into a single program. Only then will we be able to access network data sets and both compute and visualize their structural properties quickly and easily. 
[bookmark: _Toc292274288]Research Methodology and Analysis 
[image: ]Upon preparing our process we knew we had to pass out several surveys and questionnaires to acquire the necessary information about the patterns and commonalities of the Informatics I399 course. We had three major steps to our process: Collecting Social Information, Collecting Individual Information, and Correlation Analysis. 
Collecting Social Information
We distributed three questionnaires to calculate the growth of the social network for Informatics I399. Also, the weight of each connection was based on how well an individual knows the other. In this course, students were put into groups, such as Complex Systems, Ubiquitous Computing, Music Informatics, etc. Since the connections of those in the same group were inevitably made, we classified a connection based on the following 5 criteria in each questionnaire: “Do you know the person’s name”, “Do you have their email”, “Are you Facebook friends”, “Do you have their phone number”, and “Have you text or called them”. The degree of the connection or weight was based on how many of these criteria were met in the connection. In our results section, you will see that we outlined a connection that was made naturally and one that was from being in the same group by different colors. 

Collecting Individual Information
We collected individual information to see what commonalities exist between two people. We distributed a survey asking several questions to view people’s specific traits, such as: ethnicity, GPA class standing, extracurricular activities, gender, cognate, credit hour enrolled, and hours spent on homework. We titled these commonalities as “Similarity”. Each category was given different weights; the number of things the connection didn’t have in common was subtracted from our perfect number, 20. The process of seeing how far the similarities differ from the “perfect” connection is known as the Euclidean distance. 
Correlation Analysis
After we collected all of the data, we had to find out how to analyze it. We used the program Network Workbench to create the three images of the courses network. The purpose behind doing these images was to show people the growth of the network of the Informatics I399 course. Once we demonstrated this growth, we used the program SPSS 18 to calculate correlations about the connections in the networks. We analyzed the correlation between the weight of a connection and the similarity of that same connection.
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Figure 2.1
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As mentioned above, we developed the networks for the Informatics I399 course using the program Network Workbench. Figure 2.1 shows the social network prior to student’s enrollment in the course. Figure 2.2 is the network after roughly one month of the course’s beginning. Figure 2.3 is the network toward the end of the spring semester. These images show the growth of the social network within our course. It is interesting to see the growth of these connections as the semester continues. The directions of the arrows depict the direction of the connection. If the arrows are blue, this signifies that they were in the same group within the course. Also, the colors of the circles depict a particular group. If the arrows are orange, they weren’t in the same group. The size of the circle was decided by the indegree of the person, or the magnitude of the popularity of that particular individual. In other words, the more people that know that particular, the larger the circle will be. The circles were clustered, as well as colored, according to their groups. 
After creating these networks, we decided to analyze how the commonalities played a role in the connections that were being made. Initially, we included the connections created from being in the same group. However, we realized that our results were being skewed because these connections were forced upon these individuals. Secondly, we analyzed just the orange lines or the connections made between those who were not in the same groups. Figures 3.1 and 3.2 show the results. Each diamond in these graphs is a connection of two people who know each other within the course. The y axis is the weight of the connection based on the 5 criteria outlined in the Process section. The x axis is the similarity of the connection outlined in the Process section. As aforementioned, the weight is how well people know each other, and the similarity is the degree of commonalities in a connection using the Euclidean distance. These are based on the surveying performed during the “Collecting Social Information” and “Collecting Individual Information” sections of the work flow chart. The lines on each graph are the linear correlations. The linear correlations show how the weight of one connection relates to the similarity of that same connection. If the weight and commonalities were strongly correlated, it would show a perfect arrow from the lower left hand corner to the upper right hand corner of the graph. As you can see, our graphs show that the similarity and weights of two individuals are not directly correlated in our study. However, through our study you cannot state that the two are never directly correlated. We are simply stating that for our specific case, they weren’t directly correlated. There are a lot of factors that could have skewed the results. We were constantly meeting in a very small classroom, so people are going to begin remembering names via repetition. Also, this process was done over a very small period of time. Typically, research such as this is done over a longer period of time. It would have been interesting to do research similar to this with a group of people who are varying ages, genders, and majors. I think we would find interesting results with a more randomized group of people. 
[bookmark: _Toc292274290]Conclusion
We explored how the social network (in this class) evolves over the course of the semester. With the primary aim of our research being to see if a positive correlation between the social network growth and student commonalities exists. Second was to research the social connections and measure how they evolve. We believed that as the network grew and new connections where made we would be able to explain them, at least in part by the attributes that the students have in common. Essentially, our hypothesis was that as the network grew we would see like attract like.
As time passed with the help of our three questionnaires, we were able to observe the network grow. Not only did we observe the connections made we also evaluated the strength of each connection. This was accomplished by asking how each individual how they had communicated in each connection whether it is through Facebook, texting, and/or calling. We were sure to ask for their name so we could analyze whether the individuals were in the same formed groups within the course. 
Finally, we developed a survey to profile each of the subjects in our network. The survey consisted of scholastic questions like grade point average and non-scholastic questions like extra-curricular activities. We took the results of the survey and compared each subject with those they were linked with in our network.    
Our hypothesis was that the higher network strength (used more communication tools i.e. Facebook, calling and/or texting) the greater the commonalities between the subjects would be. Our research however did not indicate that to be necessarily correct. There was little or no correlation between the network strength and commonalities between subjects. Therefore we have no conclusive evidence to indicate a correlation between commonalities and network development. This however, does not prove that commonalities does not have a bearing on the development of social network growth, but indicates it is not as evident as we had hoped. Our results may have been affected multiple things.
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First, the number of subjects involved. As we have discussed above our research included thirty-four students. Each subject counted as 3.9% of the total subject pool and was significant to significant on the outcome of our research. If this study is continued, research gathered for one-hundred subjects minimum would be much more appropriate.
Second, time was a factor that I believe greatly affected our results. We had four months to watch the network develop. I believe that it would be imperative to the research’s success to lengthen the overall time that we observe the networks growth. In my opinion, conclusive results would take a more time observing.
Third, the environment in which we conducted our observations was not conducive. Since each subject 
was placed in a group, it altered the social networks growth and limited the amount of connections we could study. More over the groups were formed by similar interests who could have heightened commonality correlations at the end of the study if they were not grouped by similar interests. An optimal environment would be one were the subjects are free to mingle amongst each other at random.
Lastly, the subjects themselves had too many preexisting commonalities. There was little that differentiated the subject from each other. All were informatics majors, most were male, most the same age group, and all undergraduate students. It would be interesting to conduct the same researcher where the above mentioned areas were highly varied in the subject pool.         
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This is a copy of the questionnaire we passed out to analyze and compose the course’s social network.

This is a copy of the survey we passed out to see the commonalities that exist between people.
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NAME:

Please list the names of the class members in INFO-1399 that you know on the black line. We have included
the Name Bank on the left hand side for spelling purposes. Also, please check how in depth you knew that
person based on the guidelines listed below. Thanks!

Ahn, So Youn

Apkin, Josh R

Baldwin Ill, Ronnie
Burke, Niles Austin
Butler, Lucas Neil

Chang, Julian

Cole, James Martin
Daubenspeck, Derik Van
Falotico, Janice Catherine
Goe, Michael Ray
Hubbard, Will S

Jones, Brittney Dian
Kolb, Garrett Walker
Lee, Daniel Dong Young
Lewis, Jeffrey Thomas
Lisle, Kaitlin Gloria
McDermott, Austin Lee
McGinn, Joe

McLeese, Luke Randolph
Merkel, Brian Gregory
Muessig, Joseph S
Myers, Andrew John
Pagel, Kymberleigh Autumn
Patel, Kush

Pavalon, Joseph Erin
Resig, Megan E

Schocke, Adam

Senne, Trent Robert

So, Youngkyu

Stucker, Jon Alexander
Thompson, Andrew Warner
Watkins, Jacen Lee
Wesner, Paul Stephen
Wu, Alex

Do you have
their Email?

[]

1 o 0 o I O B A B A R e e e e e e e

Are you Facebook
Friends?

[

Tt s A R O B

Do you have their
Phone Number?

[]

oo UgUn o

Have you Text or
Called them?

X
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NAME:

Please fill in the blank.

1. Ethnicity

o

O O O O O

American Indian
Asian/Pacific Islander
African American
Hispanic or Latino
Caucasian

Other

2. Current GPA Range

o

o O O

0-1
1-2
2-3
3-4

3. Class Standing at IU

@)

O O O O O

1st year
2nd year
3rd year
4th year
5th year
6+ years

4. Please circle and list all extracurricular

activities.

o Athletics
Please list:

o Volunteering
Please list:

o Politics
Please list:

o Other

Please list:

5. Gender

@)
@)
@)

Male
Female
Other

6. Cognate

o

O O O 0O O OO OO0 OO OO O0o0OO0O OO O0oOOoO O0

Biology

Business

Chemistry

Cognitive Science
Communication and Culture
Computer Science
Economics

Fine Arts

Geography
Human-Centered Computing
Journalism

Linguistics

Mathematics

Psychology

Public and Environmental Affairs
Public Health

Security
Telecommunications

Other

7. Credit hours enrolled in:

8. Hours spent on overall homework
outside of the classroom per week:

@)

O O O

0-3
4-7
8-11
12+
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