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A Note to Readers 
 
 

The McNair Scholarly Review, published at The College of St. Scholastica and funded by a grant from 
the United States Department of Education, is a journal comprised of research completed solely by 
undergraduate students.  These students, with guidance from their faculty research mentors, 
undertook independent, academically rigorous projects which moved them intellectually from 
beginner to experienced researchers.   
 
Their research varies in subject matter and complexity; the work reflects each scholar’s academic 
interest.  Each article is written in a style appropriate to its field of study, including title and 
references. 
 
This fifteenth group of McNair scholars have worked hard, stretched their intellect and matured 
professionally as they moved through the research process.  The McNair Program staff at The 
College of St. Scholastica proudly presents these scholars and their work in this fifteenth issue of the 
McNair Scholarly Review. 
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Model-Based Testing of the GMSEC API 
 

Vincent B. Surges1, Robert Wiegand2 
 

Software companies are constantly searching for new techniques to test their products. In this paper, a method 
for utilizing the model-based technique is demonstrated. The proposed method was successfully applied to 
NASA’s GMSEC software product line. This paper explains how yEd graph editor and GraphML are integrated 
into a computer program to generate countless unit tests. The testing results show that the GMSEC architecture 
has: 1) two high-priority bugs when the API is misused; and 2) multiple exceptions from different classes of the 
API. Methods for applying this testing technique to other software systems are also described.   
 
Nomenclature 
API           = Application Programming Interface 
DOM        = Document Object Model 
GMSEC    = Goddard Mission Services Evolution Center 
MBT         = Model-Based Testing  
NASA        = National Aeronautics and Space Administration 
USRP        = Undergraduate Student Research Program 
XML          = Extensible Markup Language 

 

I. Introduction 

As a USRP intern, I worked as part of the Ground Software Systems Branch at NASA’s Goddard Space Flight 
Center. This branch provides mission lifecycle products, services, technologies, and expertise to meet customer 
needs and requirements. I was assigned to the GMSEC product development team to perform software testing of the 
GMSEC API. GMSEC is being developed as a scalable and extensible ground and flight system for future missions. 
The architecture provides a rapid and cost-effective means to fulfill a variety of mission concepts3. In addition, as 
technology advances or operational requirements change, new components can be added and components can be 
swapped in and out of the system with low risk and minimal integration effort. 

The GMSEC architecture is a middleware-based system architecture using an API. There are several different 
middleware products available that are supported by the GMSEC API. One of the key aspects of the architecture is 
the middleware independency. A component using the GMSEC API can choose and/or switch between different 
middleware wrappers without requiring software modifications or disturbing inter-application communication4. 

In the summer of 2010, a team of software researchers from the Fraunhofer Institute assisted the GMSEC team 
in reviewing the implementation quality of the architecture. During the software testing the researchers discovered a 
high priority bug in the GMSEC framework. This bug occurred because of inconsistencies in the implementation of 
the same abstract interface by different wrappers of middleware vendors. The test engineers noticed this bug while 
testing GMSEC’s software bus. The return status of a particular test using GMSEC’s bus did not produce an error, 
whereas the status for the same test using a different middleware wrapper resulted in MIDDLEWARE_ERROR. 
This inconsistency is an important bug for GMSEC.   

Some aspects of the work conducted by the researchers from the Fraunhofer Institute included the use of model-
based testing (MBT). GMSEC currently has a variety of traditional testing methods. However, the success that the 
researchers from the Fraunhofer Institute had found in the modeling approach motivated the GMSEC team to 
explore this testing technique. Model-based testing is software testing in which test cases are automatically 
generated using models of the system requirements and specified functionality. In this approach, the user builds a 
model that describes the functional aspects of the testing data. Test cases can then be generated by traversing the 
model that was created of the system. MBT is especially useful for automatic generation of test sequences from 
defined models. Specific activities of MBT (shown in Fig.1) include: (1) Building the model, (2) Generating 

                                                 
1    The College of St. Scholastica, Duluth, MN   
2    Software Engineer, GSFC Ground Software Systems Branch (Code 583) 
3    http://gmsec.gsfc nasa.gov/architecture htm 
4    GMSEC API Users Guide (Release 3.1) 





The College of St. Scholastica 3  McNair Scholarly Review 

III. Modeling Tool 

 
To build the models of the GMSEC classes, I utilized the yEd graph editor, a general purpose diagramming 

software. This graph editor is a powerful diagram editor that can be used to quickly and effectively generate high-
quality drawings of diagrams using states and edges6. Using this tool, I was able to manually create models of the 
different portions of the GMSEC API. The strategy was to represent each of the state nodes in yEd as GMSEC 
software states and to use the edges (transitions) to hold the code for the standard unit test. In this approach, the 
transitions would change the state of the system by generating 
function calls from the different GMSEC classes.  

I began by building a perfect model (i.e. a model that includes all 
valid uses of the API) of the GMSEC Connection class, shown in 
Fig. 3. One of yEd graph editor’s excellent features is its ability to 
automatically assign state and label names. The states are represented 
by the rectangles. The [START] and [END] states are shown in color 
to highlight their uniqueness The Connection class contains 
interfaces for connecting to the middleware. In the perfect model, a 
component attempting to use the GMSEC API would first create the 
connection, connect to the middleware, disconnect from the 
middleware, and then destroy the connection.  

The perfect model was not used for generating test cases. The 
idea was that by creating a model that described all valid uses of the 
system, any additional transition added to this model would be 
constituted as an evil transition. Models containing evil transitions are known as evil models. Traversing the graph 
of an evil model allows for the generation of test cases that misuse the API. In this manner, the system can be tested 
during off-nominal conditions. 

I created the evil model of the Connection class (Fig. 4) by inserting faults into the perfect model. Each of the 
evil transitions is shown in red. The blue transitions indicate the ideal path of the traversal. The three ellipse nodes in 
the upper left of the model contain the infrastructure of the standard GMSEC unit test. Expected results can be 
compared with actual results using the checkError method; the body of this method is stored in the top left ellipse 
node. Details describing how the content from these three special nodes was processed will be described later in the 
report. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
6     http://www.yworks.com/en/products yed applicationfeatures.html 
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Figure 3. Perfect model of Connection 
class. 



The College of St. Scholastica 4  McNair Scholarly Review 
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Figure 6.  Evil model of the GMSEC Message class.  

After the evil model was created, the next step was to specify the probability distributions and add the source 
code that accompanied the different transitions. The yEd tool had several locations where the code could be stored 
inside the transition, allowing the details to be hidden from the user. In this project, the source code was placed in 
the description box under the edge properties. yEd has a special feature in which any content placed in this location 
could be viewed from the graph by hovering over that particular edge. This is an optimal location; the user can view 
each of the edge labels directly from the graph, and can check the weight and source code by hovering over the 
given transition. The weight and code associated with the edge create connection from [START] to [Connection 
Created] is shown in Fig 5.  

 
 
 
 
 
 
The first line contains an annotation along with the weight assigned to this particular edge. The default weight of 

each edge is 1.0 to account for a missing or misuse of the annotation (all edges are normalized). I specified the 
weights of the correct transitions to be ~80%, while each of the evil transitions had an approximate likelihood of 5% 
to 15% of being selected. The lower weight assigned to the evil transitions allows the tester to observe how the API 
behaves for certain invalid uses (e.g. destroying the connection before creating the connection). The exact weights 
can be easily adjusted depending on the class being tested. All lines following the annotation correspond to the 
source code for that individual edge. The code accompanying each edge contains the object holding the status of 
each functional call, and a call to the checkError method. 

Following these steps, I developed an evil model of the Message class from the GMSEC architecture. Figure 6 
shows this model, which also includes states and transitions from the Connection class, such as creating the 
connection and connecting to the middleware. Similar to the Connection class, the red edges corresponded to evil 
transitions and the blue edges represented the optimal path. Ideally, after a connection was successfully established, 
a message would be created and field(s) would be added to the message. The next section describes how these 
models were integrated with a Java program to produce testing results.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  @weight=0.85 
result = ConnectionFactory.Create( cfg,conn); 
checkError( false, result, "Creating the connection object" );  

Figure 5. Weight and code accompanying a particular 
edge from the Connection class.
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IV. Program Details 

 Diagrams created in yEd can be loaded and saved in a variety of different file formats. In this project, I worked 
with the default file format, an XML-based exchange format called GraphML. GraphML is a comprehensive file 
format for graphs. A graph in yEd saved in this format consists of the <graphml> element, along with <node> and 
<edge> elements. The identifier of a particular node is defined by the XML-Attribute id. Likewise, each edge is 
characterized by its two endpoints: XML-Attribute source, corresponding to the state the edge starts at, and XML-
Attribute target, corresponding to the state the edge is traveling to. Edges that start and end at the same state are 
called loops, and are defined by having the same value for the source and target.  

Saving a graph in yEd as a GraphML file allows for the use of a Document Object Model (DOM), an application 
programming interface for XML documents. The XML DOM is a standard for how to build documents, to navigate 
their structure, and to add, modify, or delete elements; it provides the primary access for exploring the structure of 
the XML (GraphML) file. To illustrate how information from the GraphML file is accessed, a portion of the file 
from the Connection class model is shown in Fig. 7. The file corresponds to the states [START] and [Connection 
Created], along with the edge create connection between them. As the figure illustrates, there is a substantial amount 
of content in the GraphML file corresponding to a small portion of the diagram. However, most of the elements in 
this file contain information specifying the location, size, and shape of the nodes – content that is not relevant for 
generating tests. The important segments of the file are shown in bold. These include the names of the states and 
edge, along with the code accompanying this transition.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
I developed a tool in Java (called Model Processing Tool) which would retrieve each of important elements 

mentioned above and process them accordingly. This was accomplished by working with the different state and 
edges nodes in the GraphML file. The name associated with the state was located in the element <y:NodeLabel>. 
While this element did contain other (non-relevant) attributes, they were omitted from Fig. 7 to focus on the 
important content. To retrieve each of the state names, I designed the tool to iterate over each of the <node> 
elements. For each of these nodes, a path was specified from <node> to <y:NodeLabel>, enabling me to retrieve the 

      <node id="n9">  
      <data key="d7"> 
        <y:ShapeNode> 

    <y:Geometry height="30.0" width="57.0" x="359.27396896258506" y="48.6”/> 
          <y:Fill color="#00FF00" transparent="false"/> 
          <y:BorderStyle color="#000000" type="line" width="1.0"/> 
          <y:NodeLabel>START</y:NodeLabel> 
          <y:Shape type="roundrectangle"/> 

  </y:ShapeNode> 
</data> 

    </node> 
 
    <edge id="e27" source="n9" target="n10"> 
      <data key="d0"></data> 
      <data key="d1"><![CDATA[ 
@weight=0.85 
result = ConnectionFactory.Create( cfg,conn); 
checkError( false, result, "Creating the connection object" ); 
]]></data> 
      <data key="d2"> 
        <y:PolyLineEdge> 
          <y:Path sx="0.0" sy="0.0" tx="-49.0" ty="0.0"> 
            <y:Point x="431.9434461969864" y="63.622259696458684"/> 
          </y:Path> 
          <y:LineStyle color="#3366FF" type="line" width="1.0"/> 
          <y:Arrows source="none" target="standard"/> 
          <y:EdgeLabel>create connection</y:EdgeLabel> 
          <y:BendStyle smoothed="false"/> 
        </y:PolyLineEdge> 
      </data> 
    </edge> 
 
    <node id="n10"> 

<data key="d7"> 
  <y:ShapeNode> 

          <y:Geometry height="20.0" width="118.0" x="421.94" y="147.9"/> 
          <y:Fill color="#FFCC00" transparent="false"/> 
          <y:BorderStyle color="#000000" type="line" width="1.0"/> 
          <y:NodeLabel>Connection Created</y:NodeLabel> 
          <y:Shape type="roundrectangle"/> 

  </y:ShapeNode> 
</data> 

    </node>  
Figure 7.  Portion of GraphML file corresponding to two states and edge between them  
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content (name) of each state. A simple map related each id attribute to the different state names. In the example 
above, attribute with id=“n9” corresponds to the [START] state. The developed tool then iterated over all of the 
edges and applied the same approach as above to get the content of <y:EdgeLabel>. By working with the different 
aspects of the graph and file, the Model Processing Tool was successfully able to traverse the models of the two 
GMSEC classes in much the same way that my Java program traversed the state-transition diagram involving 
sentences.  
 Every GMSEC unit test contains a certain test infrastructure. This includes the main, checkError method, and 
output displaying the number of expected/unexpected errors. This content was stored in three separate nodes (ellipse 
nodes in Fig. 5 and Fig. 6). When the Model Processing Tool iterated over all of the nodes, the content of the nodes 
with a distinct shape (ellipses in this case) was read and printed to a file. The name of the test case was changed in 
the developed tool since the unit test name (GMSEC_Test_1, GMSEC_Test_2, …) was different for each test run.  
 Each time a model of the system was traversed, a GMSEC unit test consisting of source code in a ready-to-be-
compiled state was produced. A compiler was added to the Model Processing Tool to generate executable unit tests. 
These tests were then run inside the developed tool to produce testing results. In this project, only the Connection 
and Message classes were tested. One major advantage of the Model Processing Tool is the ability to seamlessly 
create new models and to generate test cases from those models without altering the developed tool. Since the 
elements of a particular class were stored inside the graph (in this case, in the ellipse nodes), the Model Processing 
Tool remains unchanged as new models are tested. This flexibility allows unit testing to be conducted in a quick and 
reliable manner. This developed tool can be used to test entirely different systems by changing the content of the 
(ellipse) nodes that are being read into the program. The next section describes some of the interesting results that 
were discovered from testing the Connection and Message classes from the GMSEC API. 

V. Testing Results 

A. Connection  
 Several hundred tests of the Connection class were generated by traversing the evil model created of this class. 
These test cases included both correct and incorrect uses of the API; the evil transitions contained the invalid 
function calls. There were no detected failures of the API throughout the testing. However, there was unusual 
behavior discovered involving a NullPointerException. When a component attempts to disconnect from the API 
while already disconnected, an EXPECTED ERROR should occur, notifying the application of the invalid request. 
This was the case in Fig. 9, where a call to the disconnect function was made and the API correctly handled the 
invalid call to disconnect. Figure 10 shows a portion of the model similar to the model in Fig. 9. In Fig. 10, a 
component successfully creates and destroys the connection, theoretically returning to the same [START] state as in 
Fig. 9. However, when a call to the disconnect function is made at this time (after creating and destroying the 
connection), a NullPointerException occurs. The only difference between the two cases involved the location of the 
call to the disconnect function. This strange behavior between the two test cases would have been very difficult to 
locate manually, particularly due to the specific function calls that had to be made prior to calling the disconnect 
function in order for the NullPointerException to occur.       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 

 
  Exception in thread "main" java.lang.NullPointerException: Connection reference 
 is null 
at gov.nasa.gsfc.gmsecapi.jni.gmsecJNI.Connection_Disconnect(Native Method) 
at gov.nasa.gsfc.gmsecapi.jni.JNIConnection.Disconnect(JNIConnection.java:113) 
at gov.nasa.gsfc.gmsecapi.Connection.Disconnect(Connection.java:101) 
at GMSEC_API_Test_220.main(GMSEC API Test 220.java:55) 

 
Figure 10.  Graph and output of NullPointerException. 

 
  EXPECTED ERROR:  Attempt to disconnect 
before creating connection 
*** There were 0 unexpected errors. 
*** There were 1/1 expected errors.   

Figure 9.  Graph and correct API 
output of invalid disconnect request. 
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B. Message 
 Testing the Message class resulted in two high priority bugs being detected in the GMSEC API. The first error 
was relatively straightforward. In the Message class, when working with a message containing one or more fields, 
an example of a valid use of the API would be a call to GetFirstField. This call must be made prior to calling 
GetNextField. An EXPECTED ERROR should occur when a call to GetNextField is made before GetFirstField. 
However, this was not the case. The API fails if the user illegally attempts to call GetNextField before 
GetFirstField. Fig. 11 shows the portion of the model corresponding to this incorrect usage and the application error 
box that appeared when running this unit test. It is worth noting that this important bug occurs every time the invalid 
call to GetNextField is made after the message is created, regardless of the amount of fields added to the message.  

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
   
 
 
 
 
 Another important bug was discovered in this class. Unlike the first failure, this bug was more complicated to 
detect. In the Message class, it is illegal to add an empty field to a message. Figure 12 shows the graph 
corresponding to this illegal usage. When this test case was run, the API correctly handled the invalid request, as 
indicated by the output in Fig. 12.1 (myField1 is an empty field container). The EXPECTED ERROR correctly 
occurs, and the test runs smoothly. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

 
Figure 11. Graph and output of first failure discovered 
in GMSEC’s Message class. 

 
Figure 12.  Portion of model containing invalid 
request to add an empty field to the message. 

result = ConnectionFactory.Create( cfg,conn); 
checkError( false, result, "Creating the connection object" ); 
 
result = conn.Connect(); 
checkError( false, result, "Establishing the connection to the middleware"); 
 
result = conn.CreateMessage("GMSEC.Message”, 1, msg); 
checkError( false, result, "Creating the message"); 
 
result = msg.AddField(myField1); 
checkError( true, result, "Adding field to message"); 
 
EXPECTED ERROR:  Adding field to message 
[6,11]: Field type not supported. 
*** There were 0 unexpected errors. 
*** There were 1/1 expected errors. 
Connection established  

Figure 12.1. Source code and output 
associated with graph from Fig. 12. 
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 However, when an illegal call to GetFirstField is made prior to calling AddField(myField1), the API crashes. 
Figure 13 shows the portion of the Message class model corresponding to these function calls. As the output in Fig. 
13.1 illustrates, the crash was not the result of the early call to GetFirstField. This invalid request is correctly 
handled as an EXPECTED ERROR. However, after this function call is made, an attempt to add an empty field 
results in an API failure.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparing Fig. 12.1 and Fig. 13.1 shows the similarity between the two test cases. The only difference is the 

call to GetFirstField (shown in bold) in the latter figure. When running the tests, it was not clear at first which 
function calls resulted in a failure and which correctly output an EXPECTED ERROR. After narrowing down the 
general location of where the crash was occurring, more tests were generated from the reduced model. Determining 
which function calls produced the bug was substantially easier with the smaller model. Regardless, this failure 
would have been extremely difficult to detect through manual testing, and most likely would have been missed.    

A number of exceptions were also discovered in the GMSEC Message class. Most of these exceptions 
corresponded to functional calls relating to a message being made before the message is created. Although these 
exceptions are not actual errors in the GMSEC API, locating them will help improve the GMSEC architecture in the 
event that the API is not used properly and will allow unit tests to run smoothly without being terminated. Both the 
errors discovered along with the many exceptions were shared to the GMSEC team, and subsequently emailed to the 
GMSEC-Support group. All agree that these are high priority bugs which should be corrected, particularly in light of 
the fact that GMSEC has been in use for the last several years.  

VI. Conclusion 

 The research conducted throughout this project was in large part a response to the bugs that were found by the 
researchers from the Fraunhofer Institute. Conducting model-based testing using the yEd graph editor was 
successful, as shown from the results that manifested. In this testing approach, a large initial effort was required to 
create the Model Processing Tool. However, once the tool was developed, additional models from different aspects 
of the API or entirely different systems can be built and tested with little additional effort. Using the yEd graph 
editor, the special nodes containing the test infrastructure can be updated easily to account for the different members 
of the system under test. In the GMSEC API, no errors were found in the Connection class. There was undesired 
behavior involving a NullPointerException. The Message class was more problematic. Two high priority bugs were 
discovered in this class, and were subsequently shared to the GMSEC team. Determining which functional calls 
produced these errors was much simpler using the MBT approach. Building the model of user behavior greatly 
increased the likelihood of uncovering unwanted behaviors.   Once the failures have been resolved, further testing 
can be done using this same technique to verify that the system runs properly. The Model Processing Tool, 
combined with the yEd graph editor, forms an excellent research tool which can be used to conduct model-based 
testing, and can easily be modified to adapt to specific software testing. 

 
Figure 13. Portion of model containing evil 
transitions which produced the second failure. 

result = ConnectionFactory.Create( cfg,conn); 
checkError( false, result, "Creating the connection object" ); 
 
result = conn.Connect(); 
checkError( false, result, "Establishing the connection to the middleware"); 
 
result = conn.CreateMessage("GMSEC.Message", 1, msg); 
checkError( false, result, "Creating the message"); 
 
result = msg GetFirstField(myField1); 
checkError( true, result, "Requesting non-existent field"); 
 
result = msg.AddField(myField1); 
checkError( true, result, "Adding field to message"); 
 
EXPECTED ERROR:  Requesting non-existent field 
[5,9]: Last field has been reached. 
# A fatal error has been detected by the Java Runtime Environment: 
# EXCEPTION_ACCESS_VIOLATION (0xc0000005) at pc=0x6d9b1e3c, pid=2928,tid=1476 
# JRE version: 6.0_20-b02 
# Java VM: Java HotSpot(TM) Client VM (16.3-b01 mixed mode, sharing windows-x86) 
# Problematic frame: 
# V  [jvm.dll+0x101e3c] 
# An error report file with more information is saved as: 
# C:\Vinnie\hs_err_pid2928.log 
# If you would like to submit a bug report, please visit: 
# http://java.sun.com/webapps/bugreport/crash.jsp 
Connection established  

Figure 13.1.  Source code and output associated 
with graph from Fig. 13. 
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ABSTRACT  

The US Health Insurance Portability and Accountability Act (HIPAA) and the Health 
Information Technology for Economic and Clinical Health (HITECH) Act are federal 
regulations that set the standards for protecting the privacy of patients’ protected health 
information. All healthcare providers are required to be HIPAA and HITECH compliant. 
However the length, complexity and opacity of the laws make it difficult for healthcare 
professionals to design and implement effective compliance systems. In order to support 
compliance, we propose to create a HIPAA/HITECH compliance checker. This compliance 
checker can act as a firewall, filtering messages that violate HIPAA or HITECH from 
transmitting through the covered entity’s electronic system or serve as HIPAA/HITECH 
advisory.  
 
Introduction 

In summer 2010, I worked at Stanford University as an undergraduate researcher. I worked 
closely with Dr. John C. Mitchell (Professor of Computer Science and Electrical Engineering), 
along with Kevin Troung (an undergraduate student from Stanford).  Our immediate task was to 
look at a much larger research done by three leading Stanford researchers: Peifung E. Lam, John 
C. Mitchell, and Sharada Sundaram. Much of the focus of Mitchell, et al. research was a 
formalization of HIPAA for a medical messaging system and testing a prolog (logic-based 
programming language useful for solving problems existing in a domain of facts and rules). Our 
specific research problem was to examine a newer form of regulation: the HITECH Act. What 
follows is an explanation of the background of the overall research, some of the problems we 
have identified, procedures of our research, and address some of the work that is yet to be done. 
  
Background 
 
A covered entity (e.g., hospitals, healthcare providers) collects vast amounts of protected health 
information (PHI) throughout their daily work. PHI is sensitive to individuals, including their 
medications, medical history, and insurance information, among other data that can reveal 
private aspects of individual’s life. 
 
Covered entities need to make PHI readily available to be shared for efficient delivery of care. 
Technology makes it simple to collect, search, store, and distribute PHI data, but at the same 
time, increases security risks such as data leakage. 
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To prevent data leakage, U.S. Congress enacted the Health Insurance Portability and 
Accountability Act of 1996 (HIPAA) as well as its extension, the Health Information 
Technology for Economic and Clinical Health (HITECH) Act of 2009.  One of the main 
amendments made to HIPAA by the HITECH Act is a requirement that covered entities and 
their business associates notify patients--and in some cases, the media and the Department of 
Health and Human Services--within 60 days of a breach of unsecured protected health 
information. Business associates include, other than a health care provider's employees, 
"partners" that may provide legal, actuarial, accounting, consulting, data aggregation, 
management, administration or financial services wherein the services require the disclosure of 
individually identifiable health information (McKinney, 2009). 

 
The Health Insurance Portability and Accountability Act (HIPAA) of 1996 create a national 
standard for protecting the privacy of patients' personal health information. The law requires 
healthcare entities that use electronic means to process transactions, which include health 
information, to use standardized forms and a universal code system for illnesses and treatments. 
HIPAA also requires new safeguards to protect the security and confidentiality of an individual's 
protected health information (Office of Institutional Compliance, 2002). 
 
Health Information Technology for Economic and Clinical Health (HITECH) Act addresses 
privacy and security concerns associated with electronic transmission of health information.  
HITECH was enacted as part of the American Recovery and Reinvestment Act of 2009, also 
called the “Stimulus Bill,” signed into law by President Obama on February 17, 2009. HITECH 
is designed to strengthen and broaden the applicability of security and privacy rules contained in 
HIPAA (Nicholls S, 2010). 
 
Research 
 
The length and the complexities of HIPAA and HITECH make it difficult for healthcare 
professionals as well as their business associates to comply efficiently with the law. Many fear 
breaching an obscure aspect of the law, which prevents them from disclosing information 
necessary to effectively diagnose and treat patients. Similarly, many unknowingly breach the 
numerous regulations of HIPAA and HITECH because they are not trained well enough to 
follow the law. Furthermore, covered entities are converting their health records into electronic 
medical records and have difficulty ensuring that their online systems and disclosures of health 
information comply with HIPAA and HITECH. The cost of violating HIPAA and HITECH is 
high and many employees have been fired for unknowingly violating these Acts. Additionally, 
fear of violating these Acts prevents some employees from disclosing health information that 
they should disclose, creating a multitude of concerns and complications for both the healthcare 
professionals and patients alike. 
 
 In order to improve the efficiency of health information disclosure, Mitchell and the team of 
researchers at Stanford proposed to create a HIPAA/HITECH compliance checker. This 
electronic compliance checker would act as a firewall within the computer system filtering 
messages that violate HIPAA or HITECH from transmitting through the covered entity’s 
electronic system. They hope the compliance checker will be a standalone program not requiring 
other software to run. The compliance checker would also have reasonable access control based 



The College of St. Scholastica 12  McNair Scholarly Review 

on roles (i.e., nurse, doctor, chief of medicine) and context (i.e., normal operation, emergency) of 
the situation. The proposed compliance checker would also cope with conflicts between different 
authors who attempt to add or change any of the rules. Furthermore, the compliance checker 
would be auditable so that all paths of information disclosure can be verified and analyzed. 
Lastly, the compliance checker would be fast and easy to understand so that it would not impede 
the work of the healthcare professionals.  
  
Because the Stanford researchers focused mainly on HIPAA, I worked mainly on the HITECH 
act. This involved analyzing, summarizing, and translating the Act into logic based programming 
language. The Logic formalization of HIPAA and HITECH is a translation of the HIPAA and 
HITECH law into a logical programming language, Prolog. The Prolog translation can be 
executed and reports whether a given action complies with HIPAA. We translate the HIPAA and 
HITECH regulation into Prolog one statement at a time by uploading the PROLOG source code 
into the current demo website so that information submitted to the website runs through our 
PROLOG code before reaching a conclusion as to whether or not it is HIPAA or HITECH 
compliant.  
 
We also presented the HITECH Act to groups including members of Carnegie Mellon Computer 
Research Group who are working on the same formalization topics (see Figure 1.1).   
 
Figure 1.1: shows an excerpt from HITECH section 13405_b: 
 

b) Disclosures Required to Be Limited to the Limited Data Set or the Minimum Necessary.— 
(1) In general.—  
(A) In general.— Subject to subparagraph(B), a covered entity shall be treated as being in 
compliance with section 164.502(b)(1) of title 45, Code of Federal Regulations, with respect 
to the use, disclosure, or request of protected health information described in such section, 
only if the covered entity limits such protected health information, to the extent practicable, 
to the limited data set (as defined in section 164.514(e)(2) of such title) or, if needed by such 
entity, to the minimum necessary to accomplish the intended purpose of such use, disclosure, 
or request, respectively.  
(B) Guidance.— Not later than 18 months after the date of the enactment of this section, the 
Secretary shall issue guidance on what constitutes "minimum necessary" for purposes of 
subpart E of part 164 of title 45, Code of Federal Regulation. In issuing such guidance the 
Secretary shall take into consideration the guidance under section 13424(c) and the 
information necessary to improve patient outcomes and to detect, prevent, and manage 
chronic disease.  
(C) Sunset. — Subparagraph (A) shall not apply on and after the effective date on which the 
Secretary issues the guidance under subparagraph (B).  
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Figure 1.2: We translated this section, word for word, as follows: 
(b) Disclosures Required to be Limited to the Limited Data Set or the Minimum Necessary.—  
(1) In General.—  
(A) In General. — a covered entity shall be treated as being in compliance with HIPAA’s use, 
disclosure, or request of protected health information only if the covered entity limits such 
protected health information to the limited data set (164.514(e)(2)) or is the minimum necessary 
(note1) to accomplish the intended purpose.  
(B) Guidance.—Within 18 months, the Secretary should decide what is ‘‘minimum necessary’’, 
taking into guidance under section 13424(c) and the information necessary to improve patient 
outcomes and to detect, prevent, and manage chronic disease.  
(C) Sunset.—Listen to (A) until (B) takes effect.  
 
Figure 1.3: After this translation, we programmed the formalization into PROLOG code, as 
follows: 
File HITECH_13405_b.pl: 
permitted by 13405 b(A) :-  
      %is_minimum_necessary(A). 
      is belief from minimum(A), 
      writeln('HITECH rule 13405.b;'). 
File basic_message_wrapper.pl: 
is belief from minimum(A):-  
msg_from(A, X), 
has_msg_belief(A, _, minimum_necessary_to_purpose, X).  

 
Using PROLOG code, a prototype messaging system/compliance engine was constructed. Based 
on our understanding of HIPAA and HITECH, the compliance engine is designed to make 
compliance decisions based on eight message characteristics (Mitchell, Lam, & Sundaram)(see 
Figure 2.1). 

 
Figure 2.1 
Field/command  Action 
To Recipient of the message 
From Sender of the message 
About Identifies who’s information is contained in the message 
Type Defines what kind of information would be passed such as name or 

location. 
Purpose* Indicates the reason is being sent. (i.e., medical treatment)  
In reply to Describes a disclosure where the message is sent as a response to some 

earlier message. 

Consented by Indicates which people have consented to the message disclosure  
Belief** Contains a collection of assertions about the current situation such as 

whether this is a medical emergency or whether disclosure is (in the 
opinion of the sender) in the best interest of the health of the patient.  
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* When the purpose is needed to determine compliance, we assume that some professional has 
asserted a purpose or an asserted purpose is in some way inferred and made available as input to 
the compliance module. Our prototype messaging system can infer when a purpose is needed and 
supply the sender with a pulldown menu indicating purposes that would allow the message to be 
sent. 
 
** Some beliefs may not be indisputable facts in the sense that another person may think 
differently. However, a sender may assert a belief (e.g., from a pulldown menu) or the sender's 
belief may be established by some other means. 
 
Figure 2.2 is a visual representation of how the PROLOG code works to produce the HIPAA 
compliance checker. Each time a selection is chosen in the form, a query is sent to PROLOG to 
determine the allowable values for each unselected item. The items that are not allowed are  
highlighted in red to indicate that choosing them would violate HIPAA in some way. (Mitchell, 
Lam, & Sundaram) 

Figure 2.2 

Figure 2.3 shows the screenshot of the demo HIPAA Compliance checker/Advisory. The demo 
shows the manner in which the HIPAA Compliance checker can be integrated into existing 
systems to enforce policies. Messages are not allowed if they violate HIPAA in some way. The 
demo also shows possible courses of actions based on certain situations. Live demo of this 
compliance checker can be found at http://crypto.stanford.edu/privacy/HIPAA/messages/  
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Future Work 
 
 We plan to finish implementing the HIPAA as well as future revisions of HIPAA and HITECH 
into the PROLOG source code. Afterwards, we will implement this compliance checker with the 
messaging system used by hospitals. Our plan includes embedding this into hospital networks to 
automatically check all information disclosures and then filter the message like a firewall. This 
compliance checker can also show healthcare professionals what is and what is not allowed by 
HIPAA and HITECH.  Finally, we plan to make this an educational tool used to train doctors, 
nurses, and other professionals to comply with HIPAA. 
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ABSTRACT 

 
With today’s students entering college having access to and comfort with using diverse 

types of technology, interactive game technologies will engage students more effectively in 
teaching technology ethics than do current discussion-based methods of teaching ethical case 
studies.  With the use of current, educational tools such as Blackboard and <e-adventure> 
content creation software,  we can produce a game that can integrate the uncertainty and 
ambiguity of an unfolding ethical dilemma while at the same time being able to measure the 
responses through graded learning objects within the software packages.  Coupled with the use 
of a self-reporting survey we believe we can measure increased student engagement. 
 

Introduction 
 
 The need to have an effective method to teach students technology ethics is seen by 
simply watching the news.  In recent years, a number of cases where technology was used 
unethically led to the prosecution or civil suits of individuals in society.  For example, there was 
a multi-million dollar suit in Duluth, MN of a copyright violation for downloaded music; this 
case is still in its appeals process (Virgin Records America, et al v. Jammie Thomas, 2007).  In 
another instance, a college student used public information to gain illegal access to a vice-
presidential candidate’s email and now faces over twenty years in prison (United States of 
America v. David C. Kernell, 2009).  We have also seen that unethical use of technology has 
influenced 21st Century youth in a negative way including contributing to the suicide of children, 
largely through bullying online or via text messaging on cell phones (United States v. Lori Drew, 
2008).  It is therefore essential that today’s youth learn how to use technology ethically. 
 

We believe an effective method to teaching technology ethics is with games that 
highlight and teach the skills needed to make ethical decisions.  To be an effective teaching 
method, the game must be engaging enough to hold the student’s interest.  The definition of 
engagement we are using is (Skinner & Belmont, 1993): 

 
Engagement in school refers to the intensity and emotional quality of children’s 
involvement in initiating and carrying out learning activities…Children who are 
engaged show sustained behavioral involvement in learning activities accompanied by 
a positive emotional tone.  They select tasks at the border of their competencies, 
initiate action when given the opportunity, and exert intense effort and concentration in 
the implementation of learning tasks; they show generally positive emotions during 
ongoing action, including enthusiasm, optimism, curiosity, and interest  (p. 572). 
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The participants used the online learning system, Blackboard, to determine who the 
stakeholders were, to identify the dilemma, and to apply guidelines resolving ethical dilemmas. 
After the exercise, participants completed a survey to measure their understanding of the ethical 
decision-making process and the dynamics of the ethical dilemma. 

 
 The method of ethical decision-making that this study focuses on is the seven-step 
process outlined by George Reynolds in his text Technology Ethics (Reynolds, 2007).  The 
Computer Information System department at the College of St. Scholastica in all courses that 
integrate ethics has adopted this methodology. 
 

1. Get the facts. 
2. Identify stakeholders and their positions. 
3. Consider the consequences of you decision. 
4. Weigh various guidelines and principles. 
5. Develop and evaluate options. 
6. Review your decision. 
7. Evaluate the results of your decision. 
 
Lastly, we consider how to implement the gaming portion of this study.  Knowing 

creation of any quality game would require great time and effort from many disciplines and a 
large outlay in funding if done from scratch, we decided to use game creation software called <e-
adventure>.  Our selection factor in selecting this software was the ability to implement the game 
within the college learning management system.  However, this software does come with a steep 
learning curve relative to other available options, but once we became familiar with it, we were 
able to implement the game relatively swiftly. 

 
Literature Review 

 
 The first of several premises for our study is that millenial students have a higher level of 
technical experience than prior generations of students.  Chen suggests most students taking 
online classes tend to be more engaged on a higher level of learning than students who typically 
take on the ground classes.  The stated reason for this is online students tend to utilize other 
online resources that a college will offer than traditional classroom students.  Chen also finds that 
students most likely to take online classes are first year business students and seniors in 
professional fields (Chen, Lambert, & Guidry, 2010).  From this information we are focusing our 
study on a pool of sixty-six mostly traditional age students taking online Computer Information 
Systems (CIS) courses, comprising a variety of students in the CIS, and  Health Information 
Management) majors. 
 
 Our second premise is that we need to measure the engagement level of these students.    
We will measure their engagement with metrics that will be captured two ways:  with the 
Blackboard online learning environment, and with a self-report survey.  To develop the survey 
we look to the research from J.C Richardson & T. Newby where we find students learning 
strategies and motivation for achievement influencing engagement level.  These researchers also 
highlight correlations to prior online experience, program area focus, gender, age, and 
employment status as it influences online learning engagement (Richardson & Newby, 2006). 
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 Our third premise is that an ethical game can deliver a higher level of engagement to 
traditional online students within the Computer Information Systems curriculum.  Games are 
used frequently to train professionals to think and act in life threatening situations (Schollmyer, 
2006). In a game environment, we can recreate the unstable states filled with uncertainty and 
ambiguity found within an unfolding ethical dilemma (Lloyd & Poel, 2008).  We also believe 
that as a student is engaged in an unfolding story line of the game, it will help support the 
student’s cognitive and imaginative engagement by experiencing the case study itself versus the 
detached reading and discussion of the case study (Paulus, Horvitz, & Shi, 2006).  Research by 
White & Davis indicates that for the game to be successful it must be economical, observable, 
with controllable variables, and reproducible.  These researchers also indicate that the game can 
put students in real life situations without long-lasting consequences (White & Davis, 1987).   

 

Methodology 
 

 For this research study, we have selected two online classes with two sections each for a 
total pool of sixty-six possible students.  We randomly selected one class to be the control group 
and the other for the experimental group.  Both groups were to review the seven-step process of 
ethical decision-making. Then the control group was to review the case material about the 
Therac-25 accelerator from http://computingcases.org/ (Therac-25 Case Materials) then 
participate in an online discussion utilizing the seven-step process for ethical decision making 
and finish up with a survey.  The experimental group was to complete the game that was 
developed with <e-adventure>, take an online quiz and finish up with the survey.  The skill we 
intend to measure:   how well does the student implement the seven-step process as it relates to 
the case study material and applies to the cognitive learning tasks? 
 

Discussion 
 

 In the control group, thirteen students responded to the discussion boards and of those, 
eleven responded to the online survey. In the experimental group twenty students completed the 
game and quiz with five of those completing the survey.  In trying to find if students understood 
the seven-step model of ethical decision-making and the assigned case study, our discussion 
board assignment consisted of the following:  Identify at least five facts; two stakeholders; two 
consequences of stakeholder decisions; identify the guidelines and principles based on one of the 
approaches; and evaluate the decisions taken by the stakeholders in the case.  The analysis of this 
assignment follows.  After this, the control group took the on-line survey.  Our focus was to try 
to identify demographic and engagement factors identified by prior researchers that could 
contribute to successful engagement of the students.  The surveys for both the control group and 
the experimental group were the same with only the changes needed to identify how they 
received the material discussion board vs. game.   
 
 A major factor that had an impact on this study was the selection of the game 
development software <e-adventure>.  We selected this package based on research from 
Torrente (Torrente, Moreno-Ger, Martines-Ortiz, & Fernandez-Manjon, 2009).  This resource 
led us to believe we could implement the game portion of the study in a manner we would have 
liked.  However, we realized going through this process that it was lacking in several areas.  
First, it only allowed static scenes with interactivity being through a menu system based on 
conversations.  It did allow interaction with specific object doors or inventory items, but the 
process was cumbersome to work with at best.  The second drawback from this software that 
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Control Group – Graph 1 (n=11)  

The discussion board assignment consisted of reviewing the materials  for the Therac-25 
case study  then posting a response addressing the 7 Step approach to the Therac-25 case study, 
including: Identifying at least 5 facts; 2 stakeholders; 2 consequences of stakeholder decisions; 
and description of the guidelines and principles based on 1 of the approaches.  After applying the 
grading rubric based on these criteria to the discussions, we were able to break down a grading 
schema as shown in Table 1. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Total Percent Count 
% by 
Total 

 20 100.00% 5 35.71%
19 95.00% 1 7.14% 
15 75.00% 2 14.29%
14 70.00% 1 7.14% 
13 65.00% 4 28.57%
12 60.00% 1 7.14% 

Discussion board grading – Table 1 



The College of St. Scholastica 23 McNair Scholarly Review  

 Our experimental group consisted of five respondents; eighty percent of them were 
female in the nontraditional age range (25+) and pursuing a degree in Health Information 
Systems with one male respondent in the traditional age range (18 – 24) with an undecided 
degree plan.  The respondent’s class distribution consisted of twenty percent freshman, 
sophomore, and senior with forty percent juniors.  Of these respondents, none of them had taken 
a technology ethics course.  When asked about the amount of time they spent on the assignment, 
playing the game and taking the test, eighty percent spent an hour or less with twenty percent 
reporting more than three hours.  For a comparison of the two groups, see Table 2.   Sixty 

percent of the participants have taken more than five online 
courses with twenty percent reporting four online course as well 
as two 
online 
courses.    
 
 

 
The respondents generally 

agree that the presentation of the case through the game medium helped them understand the 
case and the seven-step approach to ethical decision-making.  Fewer strongly agreed that the 
game was effective than the control group see Graph 2.   

 
With regard to the experimental group test results there were twenty respondents; the 

scores are as follows:  seventy-five percent, who received a score of eighty percent or higher 
with five percent in the seventy percent range and twenty percent of respondents below seventy 
percent see Table 3. 

 
Experimental Group ‐ Graph 2 (n=5) 

Time spent on task ‐ Table 2 (n=16) 

Control Group Experimental Group 
Hours Count Percent Count Percent 

1 2 18% 4 80% 
2 4 36% 0 0% 

2.5 2 18% 0 0% 
3 3 27% 1 20% 

Test Scoring Table 3 (n=20) 

Grade Count  Percent 
90 - 
100 11 55% 
80 - 89 4 20% 
70 - 79 1 5% 
<70 4 20% 
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Conclusion 

 
 In comparing the two methods of case study delivery, we find both methods effective in 
accomplishing the task of teaching the seven-steps of ethical decision-making.  The one 
component that stands out with the two methods is the amount of time that the students spent on 
the assignments.  Feedback from the students indicated that the discussion board was effective 
with helping the students think critically about the case.  With the discussion-based pedagogy, 
the students spent on average twice the amount of time as they did with the game. Due to the 
limited number of respondents from the game, however, we believe further study is necessary to 
see if this holds true for more students.   
 

In future, projects examining the use of games as a teaching tool for ethics, we would 
change several things.  First, we would utilize game design software that does not limit the 
ability to introduce uncertainty and the grayness that exists in ethical dilemmas.  A team 
approach, involving a graphic designer and a writer, along with the technical personnel, would 
help with the development of the ethical dilemma. This team could develop plot lines that will 
effectively pull players into the game and keep their interest, and accomplished with graphic 
design concepts for a professional game.   A revised game, with the suggested improvements, 
could be tested on a larger group for learning and engagement.  However, believe that our initial 
results show the potential for game-based activities to improve the learning and engagement of 
students in ethical case studies. 
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ABSTRACT 

 
In Andhra Pradesh, the availability of medical care is limited and the availability of 

proper data storage of patient information is also limited. This is due in large part to the lack of 
funds.  One organization in Andhra Pradesh that provides medical care to those in poverty is 
Specialists on Wheels for the Economically Deprived (SOWED).  SOWED is in need of a more 
advanced system than the one in current use for storage and management of patient records.   To 
help SOWED resolve this matter the researchers propose the development and implementation of 
a Clear-Cut EMR system.  According to National Alliance on Health Information Technology 
(NAHIT) an EMR system is “an electronic record of health-related information on an individual 
that can be created, gathered, managed, and consulted by authorized clinicians and staff within 
one healthcare organization”(as cited in LaTour & Eichenwald, 2010).  A Clear-Cut EMR 
system is one developed specifically for that organization which is easy to use and void of 
unnecessary features and extra steps commonly found in modern EMR systems.  This paper 
represents the first steps in designing a Clear-Cut EMR system for SOWED.  Specifically, a 
database (Microsoft Access), user interface designs (Visual Studio), interface functionality 
(Visual Basic and SQL) were created to allow SOWED to store and manage the following:  
patient information; volunteer information; medications, diagnoses, and allergies; and patient 
visit-specific information.  
 
Introduction 
 

 Specialists on Wheels for the Economically Deprived (SOWED) is a volunteer 
organization that provides specific health care services mainly to the underprivileged and 
deprived families of  Hyderabad, Andhra Pradesh in which 2.7 million families suffer from 
poverty (Jain, 2010).  In the last year, SOWED conducted more than 13 camps and saw more 
than 2600 patients (Khan, Kousins, Jhangiani, Kar, & Lewis, 2010). 

 
Further, according to Khan et al. (2010),  
 
SOWED conducts medical camps twice a month with an aim to provide free 
medicines, laboratory tests and consultation in an effort to bridge the gap created 
between the population clinging on and around the poverty line and the general 
intelligentsia due to ignorance, communication (wireless and surface), customs, 
language barriers and deprived education.   
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On average 300-400 patients are seen in each camp and the standard information 
recorded (e.g., demographic, diagnosis, procedures) is stored in an Excel spreadsheet (Khan et 
al., 2010). This method of capturing data and record keeping is potentially inefficient and could 
result in erroneous patient care and information. To address this issue Khan et al. (2010) 
proposed the implementation of an EMR system.  

 
The hypothesis is:  the implementation of an EMR system will greatly improve patient 

care, the accuracy and availability of patient information, the security of patient information and 
the volume of patients that volunteers can see in one day.   

 
As steps in the process of the eventual implementation of a Clear-Cut EMR system for 

SOWED, the current project involved completion of three preliminary tasks:  (1) research 10 
existing EMR systems and their rationales, (2) determining whether existing EMRs matched the 
needs of SOWED, (3) developing an initial database and screen shots for patient records. 
 
Identifying the Need 
 

In the United States a physician typically maintains a relationship with 2000-3000 
patients and on average will come in contact with 20-30 individuals per day (Nigwekar & Sutton, 
2010).  For every patient seen, some or all of the following information is generated: 
demographics, history, medical problems, diagnosis, diagnostic and/or treatment procedures, 
medication, reports, and forms.   One can see that having a large quantity of patients also means 
having a large quantity of information.  In India, SOWED physicians have seen over 2600 
patients in six months (Khan et al., 2010).  Unlike the U.S., this figure does not represent a 
collective patient interaction nor will it stay within the same range for years to come; for 
SOWED this figure may very likely double in another six months.  Without a proper tool to store 
this information, physicians not only risk their relationship with their patients, but also their 
patients’ health.   

 
Prior to the1960s, patient information was recorded only on paper.  This form of record 

keeping has generated countless errors in prescription, diagnostic tests, treatment procedures, and 
plans for preventative care (Carter, 2004).  The need for a more advanced tool was recognized by 
many, including Homer R. Warner and his team.  They developed the first hospital information 
system, entitled Health Evaluation through Logical Processing (HELP).  HELP confirmed that 
computerized record keeping systems could replace paper records and improve the overall 
maintenance of the records, and consequently the treatment of the patient (Ripchinski & 
Eichelberger, winter 2008-2009).    

 
In 1968 Lawrence L. Weed introduced the concept Problem-Oriented Medical Record 

(POMR) (In: Ripchinski & Eichelberger, winter 2008-2009).   POMR is a method of recording 
data about the health status of a patient in a problem-solving system that preserves data in an 
easily accessible way, encourages ongoing assessment, and allows for revision of the health care 
plan by all members of the health care team.  Weed’s concept provided a way to assess medical 
records and gave voice to what is now identified as the EMR.  
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 Within the next year Weed and a group of medical record researchers used his concept to 
develop a computerized version (Ripchinski & Eichelberger, winter 2008-2009).  Problem-
Oriented Medical Information System (PROMIS) was the first EMR system developed that 
focused solely on organizing patient information in an efficient manner to improve the care and 
treatment of the patient (Grayson, nd; Ripchinski & Eichelberger, winter 2008-2009).  Computer 
Stored Ambulatory Record (COSTAR), Multiphasic Health Testing System (MHTS), and the 
Regenstrief EMR system soon followed, along with many others.  Today the development of 
EMRs has not paused. Researchers and technicians continue to introduce new EMR systems or 
refine older versions.  The development process has come a long way and is illustrated by 
excellent EMR systems such as Vista (LaTour & Eichenwald, 2010).   

 
Benefits of an EMR System 

 
Since the development and application of the first EMR system, the medical 

establishment has noticed a substantial decrease in errors and improvement in patient care.  This 
is primarily due to the features used to capture, protect, and generate data (e.g., forms, templates, 
progress notes, messaging, statistical reporting wizards, user authentication, and custom 
permissions).  These and many more features have established the EMR system as beneficial 
based on the following reasons identified by Fraser et al. (2005):  

 
 Improvement in legibility of clinical notes 
 Support for decision in drug ordering, including allergy warnings and drug 

incompatibilities 
 Prescription drugs and vaccination reminders 
 Warnings on abnormal laboratory results 
 Support for program monitoring 
 Support for clinical research 
 Management of chronic diseases  

 
Benefit of EMR to SOWED 
 
 In the previous sections the need for an EMR system and its associated benefits are 
outlined.  It is believed that with an EMR system SOWED will conduct their work more 
efficiently and effectively resulting in the proper maintenance of patient information and the 
proper care of patients.  Furthermore, by developing a personalized Clear-Cut EMR system that 
is easy to use and void of unnecessary features and extra steps commonly found in modern EMR 
systems, the functionality of  the EMR system will increase and therefore, the productivity of 
SOWED through this optimization.  Not only do nurses, nurse practitioners, physician assistants, 
and physicians we have interviewed believe that the EMR system will increase efficiency. If 
there is less clutter, it is easier to find information and specific data and functions can be 
conducted more rapidly (fewer computer processes).  In addition, if there is less clutter, it is easy 
to find information and specific data and functions can be conducted more rapidly (fewer 
computer processes).  Both requirements are imperative, as a study by Wager et al. (2000) has 
shown that many health professionals are frustrated with EMR systems because they are too 
complex and require additional training or because they require too many steps to enter basic 
patient information.   
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SOWED’s current tool for record keeping and statistical data collection are Excel 
spreadsheets, which, according to Arif (personal communication, 2010) does not fulfill the 
organization’s needs.  Excel’s method of capturing data and record keeping is inefficient for 
maintaining detailed health records on thousands of patients and may result in erroneous 
information being recorded/uploaded.  These errors are possible because Excel is not equipped to 
fully analyze, streamline, and generate the appropriate knowledge to improve patient care. Vast 
amounts of information make navigation of the records very time-consuming and possibly make 
information unreliable (Fraser et al., 2005).  Furthermore, Excel does not provide a 
comprehensive view of the patient’s information, thereby making monitoring and treatment of 
patients difficult. 
 
 With the use of an EMR system SOWED might improve its quality of care, use the data 
to help its government, and satisfy the requirements of its funding agencies.  According to Fraser 
et al. (2005), in developing countries healthcare information systems are in great demand as the 
government values the information derived from it and the funding agencies require it. A Clear-
Cut EMR system for SOWED could accomplish successfully all the previously mentioned 
benefits.  
 
Development Aspects  
 
 Development and implementation of EMR systems within developing countries is 
occurring rapidly.  There are successful cases including: AMRS in Kenya, PIH-EMR in Peru, 
HIV-EMR in Haiti, Careware in Uganda, Lilongwe EMR in Malawi, and SICLOM in Brazil 
(Fraser et. al, 2005).  It should be noted however, that each of these EMR systems was designed 
for a different purpose, consequently, they do not all perform the same functions.  
 

To increase the likelihood of success of SOWED’s Clear-Cut EMR system, important 
considerations outlined by Fraser et al. (2005) are useful:  
 

1. Design and develop the database with care and attention as it is the core of the EMR 
system and it will dictate the scalability and flexibility of the system.  
 

2. Consider using a concept dictionary which will allow for new clinical conditions without 
making changes to the database schema.  
 

3. Decide upon the appropriate network architecture (stand-alone systems, local area 
network or wide area network systems). 
 

4. Decide upon the appropriate database design (flat file or coded database structure). 
 

5. Decide upon the appropriate client architecture (thin, thick, or hybrid client architecture).  
 

6. Decide upon an appropriate user interface for the client to navigate and access on a daily 
basis with great ease.  
 

7. Decide upon appropriate security measures.  
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Methodology 
 

I. Preliminary Investigation 
 

A preliminary analysis of the issues related to organization and availability of 
patient data was conducted by interviewing two medical practitioners from St. Mary’s 
Medical Center (SMDC/Essentia) in northern Minnesota (see Appendix for interview 
questions). Based on their experience and advice, features needed in an EMR system 
were identified and classified as required or desirable. This list of features was further 
refined based on the knowledge gained by a literature review of existing EMR systems. 
The senior physician at SOWED (Arif) was responsible for selecting relevant features 
from those identified.  
 

A review of the existing data management system was conducted via email with 
Arif from SOWED to ascertain whether their needs could be met by the already existing 
Excel system.  They could not, so the existing open-source EMR that most closely fit 
SOWED’s criteria for a better system was sent to Arif.  Ten open source EMR systems 
were evaluated based on the criteria specified by SOWED in form of required and 
desirable features. However, due to the complexity of these systems, SOWED indicated a 
preference towards a custom built desktop application as compared to a pre-existing 
EMR system built primarily for use in the US. 

 
II. Requirement and Scope Definition  

 
The four requirements below were considered to develop an effective program. 
 

a. User Interface requirements: The input and output needs of the user that must be 
provided for by the new electronic medical record system were identified. These 
needs include the design layout of the system. Prototypes of all the interfaces 
were developed for SOWED’s approval, prior to development. 
 

b. Processing requirements: Database operations and decision rules that convert 
input into output, and requirements concerning processing time were identified. 
 

c. Storage requirements: Database size, content, and organization, along with back 
up procedures, were defined. 
 

d. Control requirements: The validity and security requirements for the system's 
input, processing, output, and databases were outlined based on the SOWED 
organizational structure.   

 
III. Feasibility Analysis  

 
a. Economic Feasibility: The cost of development, deployment, and training, 

including travel expenses for the students responsible for deployment and training 
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were considered, since the goal is to provide SOWED with a feasible solution at 
no cost to them.  
 

b. Technical Feasibility: SOWED’s primary concern was the availability of 
resources including server space, development framework, and database 
management system. The development teams concerns included: the selection of 
a programming language, development framework and database management 
system based on the students’ knowledge, availability of resources, cost of 
resources, integration of the programming language with SOWED’s and 
development environment, and performance of the system on the client’s local 
machines.  
 

c. Operational Feasibility: To meet the aim of providing SOWED with an EMR that 
increases their efficiency, it was important to take into account the staff’s 
technical skills, and the primary hurdles they would face in transferring from their 
current system to a new customized one. 

 
Results  
 

a. Development of a database:  The storage requirements were taken into account to 
develop an entity relationship diagram and a logical model of the database. Data 
requirements included: 
 

 Patient information (demographics) 
 Information on medical volunteers 
 Medications, diagnoses, allergies, procedures 
 Information on patient visits 

 
Based on the above requirements, a database structure was developed in 
Microsoft Access 2007. 

 
b. User Interface Design & Functionality:  The user interface was developed to 

incorporate the interface requirements of the system, as per the prototypes 
approved by SOWED. The interface functionality was programmed using Visual 
Basic and SQL in Visual Studio.  

 
Summary 
 

The hypothesis was that an EMR system would prevent the issue of erroneous patient 
care and medical information for the low income population located in Hyderabad, Andhra 
Pradesh, India. It is still the belief that the replacement of SOWED’s method of patient data 
capture (Excel spreadsheets) will permit SOWED to diagnose and treat patients more 
appropriately, greatly improve the accuracy and availability of patient information, enhance the 
security of patient information and allow volunteers to see more patients in one day. Further, a 
Clear-Cut EMR system, designed specifically for SOWED and void of unnecessary features and 
extra steps commonly found in modern EMR systems, is a more efficient and productive method 
for organizing its healthcare system.   
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Appendix 
 
Interview questions used with medical professionals in the U.S. 

 

 
 
 
 
 
 
 
 
 
 
 

 
1. Where do you work? 

 

2. What features are included in currently existing systems? 
 

3. Which features do you use the most on a daily basis? 
 

4. Which features do you use the least? 
 

5. Which features do you think are desirable, but are not included in currently 
existing systems? 

 

6. Is the system used differently by different people- different views/access levels? 
 

7. What kinds of security features are included in currently existing systems? 
 

8. What data do you input into the system? 
 

9. What output does the system give you? 
 

10. How often do you use your system to communicate with other physicians? What 
information from your EMR do you send to other systems? 

 

11. What kind of support is available for the system that you use? 
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Observations and Magnetic Field Modeling of the Solar

Flare/CME Event on 2010 April 8
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1. INTRODUCTION

The Sun consists nearly entirely of plasma, a highly conductive, ionized gas consisting

of ions and electrons. Plasma is known as the fourth state of matter, and as such, has

many interesting features that are introduced in this paper. The lowest layer of the solar

atmosphere is the photosphere. This layer is the “surface” of the sun, and is the familiar

part of the Sun that we are able to see. When we observe sunspots in visible light, we

are observing them from the photosphere. Just above the photosphere of the sun lies the

chromosphere. Although this layer of the sun has a reddish color, the chromosphere is only

visible to the naked eye during a total solar eclipse. The outermost region of the sun, the

corona, extends from about 20,000 km above the sun to millions of kilometers into space.

However, like the chromosphere, the corona is only visible during a total solar eclipse or with

special instruments.

1.1. Solar Eruptions

We refer to three different types of solar eruptions throughout this paper: solar flares,

prominence eruptions, and coronal mass ejections (CMEs). Solar eruptions often occur in

regions of the sun where the magnetic field is exceptionally strong, known as active regions.

In these regions, the magnetic field lines can become clustered together to essentially form a

magnetic plug, prohibiting the upward flow of heat. These areas appear darker when viewed

against the rest of the sun.

Figure 1 shows typical images of different types of solar eruptions. The most commonly

seen flare morphology is the two-ribbon flare, according to Tang (1985). Figure 1a shows two

Hα (red visible spectral line created by hydrogen) ribbons produced by a flare. There is one

ribbon on each side of the Polarity Inversion Line (PIL), a hypothetical line dividing regions

of opposite magnetic polarity. The ribbons separate over time, and are most easily seen as

1Math, The College of St. Scholastica, Duluth, MN55811, USA

2Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138, USA.
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(d)

(a) (b)

(c)

Fig. 1.— Solar eruptive phenomena: (a) Hα ribbons produced by a flare associated with a CME. (b)

Cusp-shaped loop system as seen on the limb of the Sun after an eruptive event. Panel (c) shows an Hα

image of the large prominence eruption, known as “granddaddy” (June 4, 1946, High-Altitude Observatory).

(d) White light coronagraph image of a CME containing an erupted prominence (bright core). The white

circular line in the upper right-hand corner indicated the location of the Sun’s surface behind the disk of the

instrument (Forbes 2000).

being connected by a rising arcade of post-flare loops. Figure 1b shows a cusp-shaped loop

system as seen on the limb of the sun after an eruptive event. Another type of solar eruption

occurs when prominences erupt (Figure 1c). Solar prominences are large clouds of cool, dense

gas anchored in magnetic field lines connecting regions of opposite magnetic polarity. They

are well observed in Hα and 304 Å. When seen projected against the solar disk, prominences

appear in Hα as dark features called filaments (Su 2007). We use the terms “filament”

and “prominence” interchangeably. The most intense explosion occurs during a CME. A

CME is a large bubble of gas that is ejected from the Sun’s corona into interplanetary

space. The bright core in Figure 1d refers to the filament which is ejected during the CME.

Often CMEs originate from the same active region of the Sun as solar flares. Although

they are generally associated with prominence eruptions and explosive flares, CMEs can

occur without being provoked by either of these eruptions (Eddy 2009). CMEs are observed

using a white-light coronagraph, an instrument designed to block out the light from the
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sun. The coronagraph essentially produces an eclipse of the sun, allowing viewers to observe

the corona (see Figure 1d). Extreme Ultraviolet (EUV) observations of the lower corona

reveal two dynamic phenomena closely linked to the origins of CMEs: “coronal waves” and

“dimmings” (Zhukov & Auchere 2004). In this study, we do not elaborate on coronal waves.

Transient dimming of coronal intensity, or “dimmings”, have been observed using ground-

based coronagraph observations (Attrill 2008). Harvey (1996) stated that “coronal holes

expand into areas where the magnetic field was observed previously to be closed” during the

formation of large arcades in X-ray observations. Since dimmings generally appear in pairs

(Sterling & Hudson, 1997), it is believed that they are footpoints of the expanding flux rope.

1.2. Theory of Solar Eruptions: Magnetic Reconnection

In plasma physics, it is well accepted that magnetic field lines are “frozen in” to plasmas,

and are constrained to move as the plasma does. When plasma pushes on two oppositely

directed magnetic field lines (see Figure 2), a current sheet is established, allowing plasma

diffusion, and thus magnetic reconnection to occur (Priest 1984). Here, the topology of the

magnetic field lines change, and high electric current flows in the central diffusion region

heating up the plasma. The field lines break apart and reconnect in an entirely new con-

figuration with lower energy. The motion of the plasma is changed dramatically during the

course of the event. Originally it pushes the field lines in from the side. After reconnection,

it is moving up and down, nearly parallel to the original magnetic field. The middle of the

diffusion region, or neutral X region, has zero magnetic polarity, and is thus a null point.

Fig. 2.— Magnetic reconnection shown in three different stages. Initially, plasma from the sides push

oppositely directed field lines inwards. Eventually these field lines reconnect into a lower-energy configuration,

releasing magnetic free energy in the direction of the original field lines.
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Solar eruptions are all thought to be different manifestations of the same physical process

involving the disruption of the coronal magnetic field. All involve some form of explosion

on the sun, where previously stored energy is converted to kinetic and thermal energy. The

coronal magnetic field is constantly stressed due to differential rotation, changing magnetic

flux, and connectivity to the interplanetary magnetic field (Sandel et al. 2006). Eventually,

the stress will exceed the threshold. When this happens, the magnetic field adjusts by large-

scale magnetic reconnection. In the process, free energy that was previously trapped in

the solar corona is ejected and converted into kinetic and thermal energy. This heats and

accelerates the particles in the plasma, resulting in some form of violent explosion. Figure 3

shows a 2D cartoon of a solar eruption after reconnection has occurred. The part below the

reconnection site consists of the post-flare loops and flare ribbons, while the part above the

reconnection site represents the CME, which expands into interplanetary space. The inner

bright core of the CME refers to the erupting prominence.

Fig. 3.— 2D cartoon of a typical solar eruption from Cliver et al. (1986). Below the reconnection site,

flare ribbons can be seen, acting as footpoints of the post-flare loops. The CME is represented as the large

bubble above the reconnection site, containing the ejected filament material in the center.
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1.3. MHD—Force Free Equilibrium

We know that the magnetic field lines are frozen in to the plasma, so if we can approx-

imate the motion of the plasma, we can gain a better understanding of the 3D structure of

the coronal magnetic field. This can be accomplished by using observations of the motion

of the coronal plasma to lead to an indirect calculation of the magnetic field for a particular

region of the corona. Treating plasma as a system of individual particles is a tedious and

inefficient method to approach this task (Sandell et al. 2006). Instead, the motion of magne-

tized plasma is calculated by treating the plasma as a fluid. Defining the coronal plasma this

way is called magneto-hydrodynamic (MHD) approximation. Using a reduced form of the

MHD equations, we can construct force-free fields (i.e., magnetic fields where the Lorentz

force (j ×B) = 0). We begin by listing Gauss’s law for magnetism and Ampere’s law, two

of Maxwell’s equations (here in cgs units) that are used in this study

∇ ·B = 0, (1)

∇×B =
1

c

∂E

∂t
+ 4πj. (2)

On the Sun, Maxwell’s equations are part of a larger set of MHD equations. We aim to

approximate the MHD equation of motion

ρ
Dv

Dt
= −∇p+ ρg + j×B, (3)

with bulk velocity v, pressure p, density ρ, acceleration due to gravity g, and magnetic field

strength B. All magnetic fields must satisfy Gauss’s law for magnetism(1), which asserts

that magnetic monopoles do not exist. In ideal MHD approximation, there are a number

of implicit approximations taken into account. Typical plasma velocities are much less than

the speed of light, c, so the first term on the right in equation (2) may be neglected

∇×B = 4πj, (4)

where j represents the current density (4π and c are all constants, and can be ignored for

our purpose). Equation (3) calculates the motion of the plasma as a fluid. There are several

approximations we can make when considering this equation in the solar corona. In static

equilibrium, the time dependence vanishes, so we have 0 = −∇p+ρg+ j×B. In the corona,

the plasma pressure is much less than magnetic pressure, so we can neglect the pressure

term. Finally, we can neglect gravity since length scales we are considering are much less

than the pressure scale height for the corona. Thus our equation of motion is reduced to the

force-free condition

j×B = 0. (5)
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This is satisfied when the electric current flows parallel or anti-parallel to the magnetic

field lines, that is, ∇×B = j = αB. There are three possibilities for α: α = 0, α = constant,

and α = α(r) . If α = 0, then (5) gives ∇×B = 0, and consequently the current is zero. In

this case, one may write B = −∇φ, where φ is some scalar magnetic potential. Substituting

into Gauss’s law gives us Laplace’s equation ∇
2φ = 0. This is, by definition, a potential field,

where the force field can be expressed as a gradient of a potential scalar, or F(r) = ∇φ(r).

It follows that the current vanishes in all magnetic potential fields, and that all potential

fields satisfy Laplace’s equation. If α = constant, we have a linear force-free field. However,

force-free fields have limitations (Su 2007). Finally, if α is a function of position, we have

a nonlinear force-free field, which is what we are searching for. A NLFFF contains free

magnetic energy equal to the difference between the energy in a non-potential field and the

energy in a potential field. We will continue our discussion on the numerical method we use

to solve these equations in section 4.

1.4. Motivation for Studying Solar Eruptions and our Project

Solar activity can be researched for a variety of reasons, the most common being the

effects it can have on Earth. In particular, solar eruptions play a critical role in space

weather. Richard Fisher, director of the Heliophysics division at NASA, said, “To mitigate

possible public safety issues, it is vital that we better understand extreme space weather

events caused by the sun’s activity.” The energy emitted by a solar flare completely covers

the electromagnetic spectrum, ranging from high-energy gamma-rays to short radio waves.

In addition to hazardous materials in space, the radiation emitted by solar flares can dis-

rupt power lines, and can even create widespread blackouts in power grids and long-range

radio communication. The heavy particles and radiation especially endanger spacecraft and

astronauts whose location is beyond the Earth’s protective upper atmosphere.

Scientists continue to look for ways to predict solar storm activity. An essential step

required to do this is to obtain a thorough understanding of the strength and configuration

of the coronal magnetic field (i.e., location where reconnection occurs). However, magnetic

fields in the solar corona are generally too weak for accurate measurements, so we resort to

a numerical technique. In this project, we focus on observing and modeling the magnetic

field prior to and during the flare/CME event that occurred in Active Region (AR) 11060 on

2010 April 8. We compare the geometry of the coronal structures with magnetic models that

are created based on the line-of-sight (LOS) magnetograms. This is achieved by matching

model field lines with observed coronal loops. These loops are observed as plasma flowing

along the Sun’s magnetic field lines.
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I began my work by becoming familiar with observations of solar eruptions, as well as

the numerical modeling technique (Coronal Modeling System) developed by van Ballegooijen

(2004). Our goal was to create two magnetic field models of the active region: (1) best-fit

nonlinear force-free field (NLFFF) model of the region prior to the eruption; and (2) unstable

state of the magnetic fields present at the onset of the event. The best-fit NLFFF model will

be constrained by the observed corona loops. The unstable state model will be compared

with the locations of flare footpoints and ribbons at the event onset, and we will attempt

to correlate these features with certain field lines in the model. This paper is organized as

follows. Section 2 describes briefly the instruments we are using. We present the observations

of the flare in Section 3. The modeling procedures and results are shown in Section 4, and

a short summary is given in Section 5.

2. Data Set and Instruments

In this project we use observations at various wavelengths. The instruments include the

Atmospheric Imaging Assembly (AIA) and Helioseismic and Magnetic Imager (HMI) aboard

the Solar Dynamics Observatory (SDO), and the X-Ray Telescope (XRT) aboard Hinode.

2.1. Solar Dynamics Observatory

The SDO was launched on February 11, 2010, 10:23 am EST on an Atlas V from SLC 41

from Cape Canaveral. It is the first mission to be launched for NASA’s Living With a Star

(LWS) Program, a program designed to understand the causes of solar variability and its

impacts on Earth. SDO is designed to help us understand the Sun’s influence on Earth and

Near-Earth space by studying the solar atmosphere on small scales of space and time and in

many wavelengths simultaneously. SDO’s goal is to understand, driving towards a predictive

capability, the solar variations that influence life on Earth and humanity’s technological

systems by determining how the Sun’s magnetic field is generated and structured, and how

this stored magnetic energy is converted and released into the heliosphere and geospace in

the form of solar wind, energetic particles, and variations in the solar irradiance.

2.1.1. Atmospheric Imaging Assembly

The AIA aboard SDO consists of seven Extreme Ultraviolet (EUV) and three Ultraviolet

(UV)-visible channels. The mission is designed to provide an unprecedented view of the solar
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corona, taking images that span at least 1.3 solar diameters in multiple wavelengths nearly

simultaneously, at a resolution of about 0.′′6 pixel−1 and at a cadence of 12 seconds or

better. The primary goal of the AIA Science Investigation is to use these data, together

with data from other instruments and from other observatories, to significantly improve our

understanding of the physics behind the activity displayed by the Sun’s atmosphere, which

drives space weather in the heliosphere and in planetary environments. The AIA will produce

data required for quantitative studies of the evolving coronal magnetic field, and the plasma

that it holds, both in quiescent phases and during flares and eruptions; the AIA science

investigation aims to utilize these data in a comprehensive research program to provide new

understanding of the observed processes and, ultimately, to guide development of advanced

forecasting tools needed by the user community of the Living With a Star (LWS) program.

2.1.2. Helioseismic and Magnetic Imager

HMI is an instrument designed to study oscillations and the magnetic field at the solar

surface, or photosphere. HMI is one of three instruments on SDO; together, the suite of

instruments observes the Sun nearly continuously and takes 1.5 terabytes of data a day.

HMI observes the full solar disk at 6173 Å with a resolution of 0.′′5 pixel−1. HMI is a

successor to the Michelson Doppler Imager on the Solar and Heliospheric Observatory.

Further information on the Solar Dynamics Observatory and its missions can be found

on the SDO website1, where most of the information on these instruments was obtained.

2.2. Hinode/XRT

Hinode is a Japanese mission developed and launched by ISAS/JAXA, with NAOJ as

domestic partner and NASA and STFC (UK) as international partners. It is operated by

these agencies in co-operation with ESA and the NSC (Norway).”

The X-Ray Telescope (XRT) onboard Hinode is a high-resolution grazing-incidence tele-

scope, which is a successor to the highly successful Yohkoh Soft X-Ray Telescope (SXT). A

primary purpose of the Hinode/XRT is to observe the generation, transport, and emergence

of solar magnetic fields, as well as the ultimate dissipation of magnetic energy in forms such

as flares and pico-flares, coronal heating, and coronal mass ejections. XRT observes the

dissipation part of the life-cycle story of solar magnetic fields. High-resolution soft X-ray

1http://sdo.gsfc.nasa.gov/
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images reveal magnetic field configuration and its evolution, allowing us to observe the en-

ergy buildup, storage and release process in the corona for any transient event. One of the

unique features of XRT is its wide temperature coverage to see all the coronal features that

are not seen with any normal incidence telescope. These temperatures range anywhere from

1 MK to 10 MK. XRT also consists of visible light optics for alignment purpose.

For more information on the Hinode/XRT, please visit the XRT website2, which provides

the description used here.

3. Observations of the Flare

In this section we introduce observations of the flare/CME event provided by SDO/AIA.

Figure 4 shows images from three AIA channels at different stages of the eruption. The top

4 images are from 193 Å, the middle are from 94 Å, and the bottom are of 304 Å. These

channels were specifically selected for the different views of the sun that they capture. AIA

193 Å is generally well-suited for observing pre-flare loops, AIA 304 Å displays the flare

ribbons especially well, and AIA 94 Å clearly depicts post-flare loops at the early phase of

the flare. In the first column, a pre-flare image is displayed. In each image, the photo was

taken ∼5 minutes before the flare onset. This was about the time in each channel where the

flare first showed signs of activity. The second column displays observations from 02:40 UT,

10 minutes after the flare onset. In this stage, the flare ribbons are visible in 193 Å and 304 Å,

and remain close to each other, while the flare loops are visible in 94 Å. As the flare continues

to erupt, the new magnetic field lines reconnect at higher and higher altitudes (Svestka and

Cliver 1992), and the ribbons become further separated from one another (third column of

Figure 4). At about 03:15 UT (not shown in figure), the first signs of dimmings appear in

AIA 193 Å, about 15 minutes after the observations in the third column. After the eruption

is well underway, post-flare loops are visible in all channels (last column). The last images

were all taken over three hours after the flare onset.

2http://xrt.cfa.harvard.edu/
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Fig. 4.— SDO/AIA Observations of the flare/CME event on 2010/04/08 at three different wavelengths.

(a)-(d) show the event at 193 Å. The second row depicts the flare at 304 Å, while the last row is of AIA 94

Å. Each row contains a pre-flare image, an image where the ribbons are close to one another, one when they

are further apart, and finally an image depicting the post-flare loops.

4. Magnetic Field Modeling

4.1. Flux Rope Insertion Method

At the end of Section 1.3, we explained our goal of creating a NLFFF. The magnetic

field in the photosphere is not force free, and the highly sheared field in the filament channel

is not always visible in the photosphere where the vector field measurements are made (Su

et al. 2009b). Therefore, we resort to a numerical modeling technique which solves ∇
2φ =

0. In the present study we use Coronal Modeling System, a software that constructs models

of the coronal magnetic field and compares them with observations. Using this program,

we construct NLFFF models using the flux rope insertion method (van Ballegooijen 2004).

The flux-rope insertion method only requires LOS photospheric magnetograms, i.e. only
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the radial component of the magnetic field in the photosphere (Savcheva & van Ballegooijen

2009).

This method involves inserting a magnetic flux rope into a potential-field model. First

a modified potential field is constructed, based on observations of the photospheric magnetic

field. The potential field represents the coronal arcade that overlies the flux rope and prevents

it from erupting into the heliosphere (Bobra et al. 2008). The next step is to specify the

parameters of the flux rope, including its path on the solar surface and its axial and poloidal

fluxes. The path selection is guided by the observed location of the filament in the Hα

images. The path starts in the positive polarity on one side of the PIL, follows the PIL

along the observed filament, and ends on the negative polarity on the other side of the PIL.

We then modify the potential field so as to create a cavity in the region above the selected

path. In essence, the field lines immediately above the path are pushed upward, creating

a region with B ≈ 0. The flux rope is then inserted into this cavity. The axial flux is

represented by a thin tube that runs horizontally along the length of the selected path (at

a small height above the photosphere). At the two ends of the path, the tube is anchored

in the photosphere via two vertical sections. The poloidal flux is inserted as a set of closed

field lines that wrap around this tube.

The above field configuration is not in force-free equilibrium, so the next step is to relax it

to an equilibrium state using a process called magneto-frictional relaxation (van Ballegooijen

2004). Magnetofriction has the effect of expanding the flux rope until its magnetic pressure

balances the magnetic tension applied by the surrounding potential arcade (Savcheva & van

Ballegooijen 2009). This is done by adding an artificial friction term to relax the system to

equilibrium. The equation of motion during this relaxation takes the modified form

ρ
Dv

Dt
= −∇p+ ρg + j×B− µv (6)

After canceling out the appropriate terms, we are left with µv = j×B. The added frictional

term shows that v ∝ j×B. When the plasma eventually stops moving, j×B = 0, and the

flux rope will be in equilibrium. One Fortran program is used to perform magneto-frictional

relaxation, and to produce the NLFFFs. However, not all models converge to a force-free

state. A loss of equilibrium can occur when the poloidal and axial fluxes exceed a certain

value (threshold); When this happens, the field expands indefinitely and erupts as a CME

(Su et al. 2009a).
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AIA 20100408_020007_0193KSO/Halpha 20100408_0900

(a)

Fig. 5.— (a) Flux rope path selected over Hα image provided by Kanzelhhe Solar Observatory, separating

the two regions of opposite magnetic polarity. In (b), sample field lines from one model are overlaid on an

AIA 193 Å image.

4.2. Finding the Threshold

Our first task was to find the threshold. We began this process by creating three NLFFF

models. Each model has a poloidal flux of 1×1010 Mx cm−1, and all have identical flux rope

paths. Figure 5(a) shows the path selected over an Hα image. The contours represent the

magnetic field strength, which remains constant along each contour, and decreases along

each larger contour. The path was selected along the Hα filament, which can be seen as a

darker line dividing the regions of opposite magnetic polarity. Figure 5b shows an example

of a model flux rope along the PIL, along with the overlying field lines holding it down. This

figure also depicts sample field lines starting from the positive (red) polarities and ending

at the negative (green) ones. The three models have axial fluxes of 3×1020 Mx, 6×1020 Mx,

and 9×1020 Mx respectively. Our goal in this stage was to find the threshold, the value of

the axial flux where the flare/CME first showed signs of erupting. This was accomplished

by looking at 2D gray images of the current and comparing height and structural differences

throughout the relaxation (iteration) process. To obtain a 2D plot, we took a vertical slice

of the plane, orthogonal to the direction of the flux rope. If the height of the flux rope was

still increasing after 30,000 iterations, or if there were signs that reconnection had occurred,

that would imply that the flux rope would eventually lift off and form a CME. If throughout

the 30,000 iterations the flux rope’s height had reached a maximum, or if there were no

significant structural differences in the configurations, that would show that our model had

reached an equilibrium state.
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Fig. 6.— Panel (a) shows the slice used to observe the models in the 2D plane. Panels (b) through (e)

show 2D images of five different models. Every model is shown after 30,000 iterations.

Figure 6 shows the location of the slice that we used to obtain the 2D images, along with

all the models we created. Model 1 (Φaxi = 3×1020 Mx) appeared to be very stable, with

little structural difference throughout the relaxation process, while the flux rope in model

3 (Φaxi = 9×1020 Mx) clearly was erupting. The similarities between the structures from

Figure 6f and Figure 3 further proves that this model is unstable. Model 2 (Φaxi = 6×1020

Mx) was also unstable and in the process of erupting, as shown by the sign of reconnection

occurring near the bottom of the image (Figure 6e). This implied that our threshold had

an axial flux somewhere between 3×1020 Mx and 6×1020 Mx. Based on these results, we

created model 4 and model 5, with axial fluxes of 4×1020 Mx and 5× 1020 Mx respectively.

All the models shown in the figure are relaxed after 30,000 iterations. The white regions

represent where the current is strong in each model. The models in Figure 6b and 6c are

both stable, with no significant change in their 2D structure. The last three images all have

a distinct area near the bottom, corresponding to the magnetic reconnection site, implying

these models have already erupted. From this figure, we determined that model 5 (Φaxi

= 5×1020 Mx) is the marginally stable state. This is the axial flux value we use for the
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threshold.

(d)

(a) (b)

AIA 20100408_020015_0171

Hinode/XRT 20100407_180345.5

(c)

Fig. 7.— Images used for selecting coronal loops: (a) AIA 171 Å at 02:00 UT and (c) XRT observation.

The red lines in the second column show Loops 1 and 2 (b) traced manually over the coronal loops in AIA

171 Å, and Loops 3, 4, and 5 (d) over the XRT image.

4.3. Pre-flare NLFFF Model

Our next step was to use our data of the event to locate non-potential coronal loops that

we could compare with our models to search for a best-fit NLFFFmodel prior to the eruption.

We expect this model to be a stable model (Φaxi < 5×1020 Mx), but we also consider models

at or just above the threshold as well. We looked at AIA images at different channels from

around 02:00 UT (∼30 minutes before the flare began to erupt), along with XRT photos, to

locate the coronal loops we would use for our comparison. Figure 7 shows AIA 171 Å and

XRT image (Figure 7a and 7c) where most of the selected loops were observed. The red lines
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in the second column show the loops traced manually using CMS. We chose Loop 1 from

the AIA 171 Å image, and Loop 2 from the AIA 193 Å image. These specific channels were

chosen since each clearly displayed loops across the middle of the images. The last three

loops (Loops 3, 4, and 5) were selected from a Hinode/XRT image taken at 18:03:45 UT

the night before the flare. This image clearly depicted three loops near the bottom of the

photograph. We assign Loop 3 to be the loop on the left, Loop 4 in the middle, and Loop 5

as the loop on the right.

Table 1: The Average Deviations (AD) of the model field lines from the observed EUV Loops

(1, 2) and X-ray Loops (3, 4, and 5) for various models of AR 11060 on 2010 April 8. The

* symbol indicates a misleading AD value.

Φaxi (10
20 Mx)

3 4 5 6

Loop Fpol (10
10 Mx cm−1) AD± 0.2 (10−3 Rsun)

Loop 1 1 3.2 2.4 2.2 2.6*

Loop 2 1 2.9 2.7 4.1 8.2

Loop 3 1 3.5 0.7 0.4* 0.5*

Loop 4 1 1.4 0.3 1.1 2.9

Loop 5 1 3.3 1.1 0.4 0.6

Each coronal loop was then compared with model 1, model 2, model 4, and model 5.

We did not compare with model 3 (Φaxi = 9×1020) since its axial flux was much higher than

the threshold, and thus would not fit the criteria for what we were looking for. We tested

different field lines by clicking on various points along the observed loops from Figures 7(b)

and (d) and then noting the average deviation (AD) between the two (CMS automatically

produces field lines that travel through the location of our selection). The AD is in units

of solar radii. We selected hundreds of different field lines, aiming to get both small AD

values and field lines that matched structurally with the coronal loops. Table 1 shows the

AD between the field lines from the models we created and the observed coronal loops.

Although some models had small ADs, they did not fit the observed loops structurally.

Any comparisons marked with a * imply that the field lines were either much longer than

the coronal loops, or they traveled in the wrong direction; In either case, the models marked

with that symbol should not be taken into consideration for the best-fit pre-flare model.

We use this approach when comparing models 4 and 5 (axial flux values of 4×1020 Mx and

5×1020 Mx, respectively), since both appear to be accurate models when viewing only the

AD. However, there are no field lines in model 5 that accurately match Loop 3. Alternatively,
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(b)(a)

Fig. 8.— Best-fit model field lines from model 4 shown over the manually traced coronal

loops (red lines) from Figure 6b and 6d.

model 4 (fourth column in Table 1) has very low ADs, and fits each of the coronal loops

very well. Therefore, this is the model we designate as our pre-flare model, confirming our

expectation that the best-fit model prior to the eruption was stable.

Figure 8 shows the selected coronal loops along with the best-fit field lines from model

4. Figure 8a is of AIA 171 Å at 02:00 UT while Figure 8b consists of the XRT image that

we selected the last three loops from. The similarities from the observed coronal loops and

the theoretical field lines demonstrates that we have an excellent model. Although the field

lines in (d) extend further than the observed loops were drawn, this does not contradict our

work. We expect the coronal loops to be longer, but are unable to draw them accurately

after a certain region of the image due to the saturation.

4.4. Model at the Early Stage of the Flare

The second model we were searching for was an unstable model during the early stages

of the event onset. This model would be selected based on its axial flux; we want it to have an

axial flux just past the threshold. For our study, this corresponds to model 2 (Φaxi = 6×1020

Mx). Figure 9 shows this model throughout the relaxation process. We ran this model for an
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Fig. 9.— A vertical slice of the current plot for model 2 with poloidal flux of 1×1010 Mx cm−1 and axial

flux of 6×1020 Mx displayed at six different stages during the relaxation process. The number of iterations

is shown in the top left in each panel.

additional 20,000 iterations to observe the expansion of the flux rope in greater detail. The

reconnection site is also growing in each successive image, supporting the theory of magnetic

reconnection. The electric current appears to be more spread out towards the boundary of

the flux rope, possibly due to the flux rope being larger, and thus less dense.

In Figure 10 we attempt to correlate features from the event with certain field lines from

our unstable model. We show images from AIA 94 Å (top row) and AIA 193 Å (bottom

row). This figure shows a graphical example of the two different segments of the flux rope

after it has erupted. The bottom part below the reconnection site is where the post-flare

loops form, while the top part is the expanding CME. Figure 10a shows post-flare loops at

02:39 (UT), about 9 minutes after the eruption began. In Figure 10b, newly reconnected

field lines from below the reconnection site are shown. These field lines are direct results

from the different points that were clicked in the 2D image in Figure 10c. The field lines

in Figure 10(b) closely match the observed loops in Figure 10a. In the second row, Figure

10d shows two dark regions on the left and right of the main event, corresponding to regions

of coronal dimming. These regions are thought to be the footpoints of the expanding flux
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AIA 20100408_032307_0193
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AIA 20100408_023927_0094
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(d)

Fig. 10.— AIA Å image at 02:39 (UT) is displayed in (a). (b) shows the same image overlaid with

the ”bottom” segment of the flux rope that is left behind after reconnection. Field lines in this image are

produced from the selections made underneath reconnection point in (c). AIA 193 Å image at 03:23 (UT)

showed in second row. Coronal dimming regions are visible in (d) and (e) as footpoints of the expanding

flux rope. Panel (f) shows the location of our selected clicks to produce the flux rope in (e).

rope, which we clearly see to be the case in Figure 10(e). This supports the current theory of

the relationship between CMEs and dimmings. This flux rope was produced by clicking on

different areas above the reconnection site in Figure 10(f). The post-flare loops and newly

reconnected field lines in the top row, along with the coronal dimmings and expanding flux

rope in the bottom row, all demonstrate the accuracy of our unstable model.

5. Summary

Using the flux rope insertion method, we constructed a series of NLFFF models for AR

11060 of a flare/CME event on 2010 April 8. Only LOS photospheric magnetograms were

required to create the models. We used data from Hinode/XRT, SDO/AIA, SDO/HMI, and
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Hα observations. We created five models, searching for (1) best-fit nonlinear force-free field

model (NLFFF) of the region before the eruption; and (2) unstable state of the magnetic

fields present at the onset of the event. We found the threshold to have an axial flux of 5×1020

Mx (model 5). We then searched for our best-fit NLFFF model, expecting it to be stable.

This proved to be the case, as our best-fit model had an axial flux of 4×1020 Mx, a slightly

smaller value than the threshold. Model 4 contains a highly sheared and weakly twisted flux

rope, which is in equilibrium with the overlying magnetic field. The close proximity of the

axial flux value from model 4 and the axial flux from the threshold indicates that our model

is very close to losing equilibrium. The unstable model (Φaxi = 6 × 1020 Mx) matches the

observations at the early phase of the flare very well. The coronal dimming regions were

located at the footpoints of the expanding flux rope, further showing the accuracy of our

model. All of these results strongly support that the event that occurred on 2010 April 8 in

AR 11060 was due to the loss-of-equilibrium mechanism.
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“indeo y africano 
…las cadenas 
que a mis razas humillaron…”  
[Indian and African/…the chains/ which humiliated my races…/] 

poem by Luis Felipe Dessus 
 

Luis Felipe Dessus, born circa 1875 (right after Spain abolished slavery in Puerto Rico in 
1873), was a black politician and journalist who wrote political and black-themed poetry. Having 
both Taίno Indian and African ancestry, Dessus represented one voice in a choir of intellectual 
and popular voices who wrote for the oppressed minorities of Puerto Rico: the Africans and the 
Taίno. Despite historical and institutional racism throughout Dessus’s time, African and Taίno 
ethnic components survived and today, along with the Spanish component, make up the cultural 
foundation of contemporary Puerto Rico.  

 
Because of the racial diversity on the island, many Puerto Ricans argue that racism is 

minimal or non-existent in Puerto Rico. Widespread belief in this notion has defined parameters 
for Puerto Rican identity. As a result many Puerto Ricans maintain that racism is not an issue [on 
the island] and, therefore, Puerto Ricans of African descent are not marginalized. However, as 
the following comprehensive review of the historical, social and cultural “chains which 
humiliated (African) races” (Dessus) will demonstrate, Puerto Ricans of African descent are, in 
fact, systematically marginalized. In addition to these revelations, it will become clear that the 
aforementioned popular perception of homogeneity and the suggestion that there is no racism 
towards black Puerto Ricans cannot be further from the truth.  

 
This study begins with a brief overview of the history of Puerto Rico and its implications 

with regard to the search for, and formation of, Puerto Rican identity. This historical synopsis is 
followed by a layout of the analytical framework the study utilizes. It is based primarily on the 
work of Edwin Nichols and Vernon Dixon and their interpretations of axiology, epistemology, 
logic, and process with respect to the cultures of Europeans/Euro-Americans, Africans, and those 
indigenous to the Americas. In the third section, this investigation applies this analytical 
framework to various examples and case studies. This investigation ends with a set of 
conclusions and analytical reviews that seek to offer some insight on methods which could begin 
a counteraction against racist social undercurrents in Puerto Rico.  
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Historical Synopsis  
 

Puerto Rico (officially the Commonwealth of Puerto Rico) is an unincorporated territory 
of the United States, located in the northeastern Caribbean Sea, east of the Dominican Republic 
and west of the Virgin Islands. Between the 7th and 11th centuries, the Taίno culture developed 
on the island and by the year 1000 AD became the dominant group. Not much is known about 
the Taίno way of life - specifically from their perspective - because they had not yet developed 
the use of writing before their culture and lifestyle was almost destroyed.  It must be understood 
that most of the information available about their culture was analyzed, recorded, and evaluated 
through the eyes of early European settlers.  

 
When Christopher Columbus arrived in Puerto Rico, it became a prosperous trading port 

that brought Puerto Rico to the attention of the Spanish Crown. Soon after, the Spanish began to 
colonize the island and forced the indigenous population into slavery. Within 50 years of slavery, 
European diseases (for which the Taίno Indians had no natural immunity), failed revolts, and 
harsh working conditions made the Taίno population all but extinct.  

 
With the Spanish settlers in need of manual labor, and the few existing Taίnos fleeing to 

the uninhabited mountainous parts of the island, the settlers looked to another continent to 
provide substitutes for their loss: Africa. With the arrival of Sub-Saharan African slaves (usually 
from the West African regions) the island’s cultural and linguistic composition took on a 
different look and sound. As Antonio Pedreira notes in his seminal work on Puerto Rican 
identity, “The black man did the work of four and with the introduction of slavery; this third 
ethnological type became part of our racial composition…” (11). When the Spanish settlers 
forced this resilient group of people to work on the island, they inadvertently changed the 
cultural foundation of Puerto Rico forever.  

 
Although Puerto Ricans were subject to the Spanish Crown during the period of 

colonization, Spain had its attention on North, Central, South American colonies. This lack of 
attention on Puerto Rico on the whole left most of the island underdeveloped, but the economy 
of the northeastern coast of Puerto Rico was well established because of the overwhelming 
presence of plantations. Dr. Juan Carlos Marίnez Cruzado, professor of genetics at the University 
of Puerto Rico explains that because of the overwhelming presence of plantations on the coasts 
of the island, it is a common belief that “…Amerindians would be concentrated in the mountains 
while African blacks would be concentrated in the coasts..” http://www.taino-tribe.org/pr-taino-
dna.htm) While many African slaves did live on the northeastern coast of Puerto Rico, it is 
important to note that current DNA studies have shown that many slaves either fled or were 
forced to live in the interior, southern, and eastern coasts of the island. “By a crown decree from 
Spain, the colonial government of Puerto Rico was instructed to place runaway slaves from the 
British colonies in what is today Loiza Aldea” (http://www.taino-tribe.org/pr-taino-dna.htm).  

 
This was done because the Spanish Crown knew “…it was the weakest flank of defense 

of the island, and they hoped that the freed blacks would help defend the island against British 
invaders” (http://www.taino-tribe.org/pr-taino-dna.htm). It is in the interior and militarily 
weakest areas of the island where historically the remaining Taίno and runaway African 
population learned from each other. The estimations of Flores are correct in that many black 
Puerto Ricans still live next to historically important trading ports, but new research is exposing 
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once again the discrepancies between the colonizers’ version of history and the genetic reality of 
the island today.  

 
After the Spanish-American War, Spain lost control of their colonies in the Caribbean 

and, as a result, Spain ceded Puerto Rico to America along with Cuba, the Philippines, and Guam 
under the Treaty of Paris in 1898. Puerto Ricans admired Americans because of their great 
revolution against the English Royal Crown that led to their own independence. Struggling with 
their own colonizer, Puerto Ricans could strongly relate to America’s desire to be independent. 
The signing of this treaty in 1898 brought a wave of hope throughout the island that America 
would liberate Puerto Ricans who would be free to start their own nation, especially since Puerto 
Ricans aided American soldiers on the island during the Spanish American War.  

 
Even though America had recently overthrown its colonizers, it decided to keep Puerto 

Rico under its jurisdiction. Puerto Ricans realized that America was not going to give up its 
powers over the island anytime soon. As the control of Puerto Rico shifted from Spain to 
America, this change brought confusion to the islanders as they struggled to find an identity as a 
people. In regard to this movement, Pedreira notes, “When President McKinley checkmated the 
king of Spain we unsuspectingly passed from a state of European polarization into a state of 
North American polarization. Ever since then the pieces on the Puerto Rican chess board have 
been moving in other directions” (57). The change in colonizer from Spain to America caused a 
dynamic change within Puerto Rican culture and identity to move in different directions. This 
change in polarity created difficulties in developing a Puerto Rican national identity. 

 
The conclusion of the Spanish-American War and the signing of the Treaty of Paris 

brought to the island the military command of American General John Rutter Brookes in 1898. 
The poor nation suffered even more poverty through General Brookes who issued high tariffs on 
Puerto Rican exports, especially tobacco and sugar. Even though direct military rule under 
General Brooks lasted only two short years, the effects of his military legislation were seen for 
decades afterwards. Javier A. Galvάn explains in Cultures and Customs of Puerto Rico that 
tariffs on exports made Americans less likely to buy from Puerto Ricans so American jobs would 
not be shipped overseas (10). Lisa P. Flores also notes that from 1900 to 1935, the loss of 
America as a consumer meant that Puerto Rico suffered greatly from the high tariffs, since 
America was geographically one of the closest consumers of Puerto Rican exports. Furthermore, 
these tariffs made exports to other countries nearly impossible.  

 
Some of the most adversely affected Puerto Ricans were those of African descent 

because these taxes were passed specifically on sugar and tobacco, the staple crop of the majority 
of slave plantations under colonial Spanish rule. While the Spanish Crown had abolished slavery 
on the island in 1873, almost all of the African population had become indentured servants, as 
they were left with very few options for making a living. The high export tariffs on sugar and 
tobacco resulted in a huge economic depression for Puerto Rico. The only jobs available to black 
Puerto Ricans were in the sugar and tobacco industries so those of African descent suffered 
tremendously as their ability to provide the basic needs for their families were taken away.   

 
This economic struggle meant island-wide high unemployment, low stagnant flexible 

wages, weak labor protection laws, a lack of a social safety net, and widespread poverty 
throughout the early 1900s. With hurricanes and droughts destroying crops that were nearly 
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impossible to sell, the island’s inhabitants had almost completely lost their ability to support 
themselves during this time. In sum, the military rule was a crushing blow to the island. Puerto 
Rico was not producing success expected of them by America; therefore, America began to 
implement economic and social reforms. 

 
Many reforms occurred under an industrialization program called Operation Bootstrap7. 

Jaime Benson Arias reveals in his article “Sailing on the USS Titanic” stated that the United 
States spread its “labor protection laws and the social safety net” to the island (29). What came 
from this was “the island became a modern U.S. industrial enclave providing its residents with 
one of the highest standards of living in Latin America and the Caribbean” (29).  Arias’s 
investigation shows that Puerto Rico had taken on a new political identity during this era and 
showed progress (as defined by the U.S) that was unheard of for non-European nations at the 
time. Arias explains that since then Puerto Ricans have been operating under the same three 
crucial economic components that their American counterparts do: the U.S dollar, the U.S. 
market or customs system, and U.S. citizenship.  

 
Along with this involvement in Puerto Rican economics, Americans began to impose 

their own views of race and culture on Puerto Ricans. Attaining cultural solidarity between three 
infinitely dissimilar cultural foundations proved to be a challenge for Puerto Ricans as they 
struggled to find a medium between the African, Taίno, and Spanish cultures. In the following 
section this study lays out the framework that aids in analyzing the dynamics of this history 

 
Analytical Framework  
 

“Hey, Willie. What are you, man?” 
“I am.” 
“No, silly. You know what I mean: What are you? …Naaaahhhh…You aint no Porta 

Reecan.” 
 
Edwin Nichols holds a Ph.D. in both psychology and psychiatry and has spent a 

considerable number of years traveling to various countries in Africa. He established Nichols and 
Associates, an applied behavioral science firm. In his extensive teaching years in Nigeria, 
Nichols noticed that his students needed a different teaching curriculum if they were to be 
successful. To meet this need, Nichols developed a cultural theory that helped to explain the 
axiology, epistemology, and logic of different cultures around the world. By acknowledging that 
different groups of people understood their world differently, Nichols successfully established a 
ground-breaking method of relating culturally to his Nigerian students.  

 
A careful consideration of his concepts - “Philosophical Aspects of Cultural Differences” 

- provides a basis by which this study will investigate, respectively, the axiology, epistemology, 
process, and logic of Spaniards, peoples indigenous to the Americas, and Africans. A thorough 
examination of these contrasting categories within the context of Puerto Rican history will show 
how these differences contribute to the marginalization of Puerto Ricans of African descent. This 
concept goes beyond the question of what is a Puerto Rican, as alluded to in the poem above; it 

                                                 
7 Operation Bootstrap lasted from 1947-1970; roughly the same time as the U.S. Fordist era when the innovations of 
Henry Ford were at its peak.  
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explores the cultural history of Puerto Rico to help explain cultural phenomena on the island 
throughout history and today.  

 
Axiology: the philosophical study of value in the areas of ethics and aesthetics. The ethics 

of a culture investigates what is ‘right’ or ‘good’ in individual and social conduct. The aesthetics 
studies the concepts of ‘beauty’ and ‘harmony’.  

 
European/Euro-American axiology 
 
The axiology of any culture is hard to define because “race” incorporates many 

ethnicities and nationalities that cannot be generalized. Recognizing this limitation within the 
context of this study, the European/Euro-American axiology is one that relates the member (be it 
one person, or a whole society) to object (the agreed upon material goal). This means that the 
highest value of what is good and right lies in the object. Harmony, therefore, lies in the 
acquisition of the object: the European/Euro-American axiology takes the member and orients it 
towards the object. By acquiring “things” such as land, animals, clothing, food, knowledge, 
slaves, wives, children, etc, it is easy to see how human beings, especially women and people of 
color, have fallen into the “object” category. The dynamic of incorporating people into the 
“object” category comes from the link of social Darwinist ideals to European/Euro-American 
member to object axiology.  

 
Looking specifically at the Euro-American axiology, this investigation found that the 

member-object axiology of Euro-America is deeply rooted in civilization, while the member-
object of Spain is rooted in civilization in conjunction with culture. The difference between the 
two is that “Civilization is horizontal; culture vertical” (Pedreira, pg. 59). This means that 
Spanish cultural roots were more inter-relational and tended to be more people-oriented, while 
Americans were more success oriented. These differences can be attributed to the fact that Spain 
is a much older country than America and that in their youthful inexperience in founding a 
country, Americans became obsessed with economic achievement. Because they understood the 
greatness of the Greek, Roman, Spanish, British, and French empires that preceded them, 
Americans stressed the importance of climbing the (vertical) economic ladder to success to 
quickly match the other world powers. Vernon Dixon8, an economist with a Ph.D. from 
Princeton University, explains the European/Euro-American axiology as, “Doing, Future-time, 
Individualism, and Mastery-over-Nature” (Vernon Dixon as quoted by Karanja Carroll9 115). 
Although both countries gravitated towards the same ideology (doing, future-time, 
individualism, and mastery-over-nature), they operated at different ends of the same spectrum. 

 
Spain had similar axiological orientations to America, but long before they “discovered” 

Puerto Rico, the southern part of Spain had strong trade associations with Moors of North Africa. 
These people brought many exports from Africa and with these exports came the trading of 
language, ideas, religion, food, and culture. In fact, African women were highly sought after by 
Spanish men more so than Spanish women.10 This frequent contact with Africans may explain 
why Spanish people adopted a more diverse array of cultural practices than did their American 

                                                 
8 By expanding on the work of Edwin Nichols, Vernon Dixon continued to develop Nichols’s theory and, through 
his own investigation, introduced his findings to the Review of Black Political Economy in 1971. 
9 Karanja Carroll is Assistant Professor of Black Studies at State University of New York at New Paltz. 
10 As noted in the Encyclopedia of the African Diaspora- Origins, Experiences, and Culture. (2008) 
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and European counterparts. Spain never lost its member-object mentality (which is why 
Spaniards still had slaves), but the frequent contact with North Africans meant Spaniards were 
not new to the horizontal aspects of culture.  

 
Spain and America shared the same axiology, but differed in their methods of 

colonization. America valued the acquisition of the object for the sake of statistics, democracy, 
and elevation of civilization, while Spain valued acquisition of the object for the sake of the 
Crown and the belief that culture must be imposed on those who they perceived as barbaric. Both 
imposed their culture on both the African slaves and indigenous populations of their respective 
colonies.  

 
             Axiology of those indigenous to the Americas  
 

The axiology of those indigenous to the Americas is relational from member to Great 
Spirit/ earth/ cosmos. For those indigenous to the Americas, the highest value of what is “good” 
lies in the oneness with the Great Spirit. Social harmony is found when members of the same 
community achieve that oneness: this axiology takes the member and orients it towards the Great 
Spirit.   

 
The sharp contrast between the axiology of Europeans/Euro-Americans and those 

indigenous to the Americas is evident in the fact that the Taίno did not own land. Lisa Flores 
explains, “Like many indigenous American peoples, the Taίno did not view land ownership or 
land use in the same way that Europeans did” (13).  This reiterates that social harmony is not 
achieved in the acquisition of the object for indigenous American peoples; instead, the power of 
those Taίnos who were placed in charge is “…derived from their ability to control the 
labor…and not from ownership of the land” (13). While this seems like a small difference, this 
contrast helps to explain how authority is correlated with oneness with the Great Spirit. The 
Taίno “…derived their power from their ability to communicate with the spirits of ancestors and 
gods, as healers and as prophets” (13). This is just one difference in how cultures understand 
phenomena differently. 

 
These differences also played a key part in defining the roles of women. Spaniards were 

surprised to see many women making decisions for the Taίno. Women took leadership roles 
because oneness with the Great Spirit can be achieved by anyone. Coming from a patriarchal 
society, Spaniards did not understand that the Taίno had a matriarchal society that had fewer 
sexist themes. Women could be chiefs of whole villages, spiritual leaders, miracle workers, 
healers, and royal lineage could be traced through women.  The Taίno had no problem accepting 
that the Great Spirit could use women as a medium to show power. This example of the member-
to-Great Spirit axiology differs sharply from the European/ Euro-American axiology. This 
difference with respect to the role of women predicted the limitless contradictions that arose 
when the axiology of the Taίno was contrasted to the axiology of Europeans. 

 
African axiology  
 
In the examination of the African roots with regard to Puerto Rican culture, African 

axiology is member-to-member: the highest value lies in the interpersonal relationships between 
persons. Harmony is achieved when these relationships develop and become stronger. This 
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axiology is uniquely flexible; interpersonal relationships can take many different and complex 
forms because people are different and complex. The African axiology takes the member and 
orients it towards other members. From daily conversations to drumming, trading, dancing, 
sharing artwork, and even daily spiritual practices, there is a diverse array of channels through 
which the African axiology takes its many forms.  

 
One can speculate that this is why the African cultural roots are present across the globe 

today. The African member-to-member axiology stems from “Being, Felt-time, Communalism, 
and Harmony-with-Nature.” (Vernon Dixon as quoted by Karanja Carroll 115). Ergo, the 
“horizontal” component of Puerto Rican culture took its many roots from the African axiology 
because the importation of West African slaves brought many African dynamics to the culture 
and into daily life of the islanders. The introduction of this new African dynamic changed the 
physical and cultural aspects of Puerto Ricans. Along with adjusting to this new cultural 
component Puerto Ricans had to simultaneously make great amendments to cater to the 
American paradigm of society and success. Along with a change in axiology, one major 
psychological adjustment was a change in epistemology. 

 
Epistemology: the nature and limitations of knowledge and how it is acquired. It asks, 

“How do we know what we know?” by questioning the way one knows reality or phenomena.  
 
European/Euro-American epistemology  
 
The European/ Euro-American epistemology is one that is cognitive: one knows through 

counting and measuring. As previously noted, Karanja Carroll investigates Vernon Dixon’s 
publications and explains that that the major distinction separating the European/Euro-American 
epistemology from any other epistemology is the concept of “empty perceptual space.” Dixon 
goes on to explain that “I step back from phenomena, I reflect; I measure; I think; I know; and 
therefore I am and I feel” (115). The epistemology of Europeans/Euro-Americans is to “step 
back” so it creates an empty perceptual space that is not found in the epistemology of other 
cultures.  

 
Spain had stronger cultural roots than did America and did not force Puerto Ricans to 

adopt only the vertical aspect of civilization. Spain offered things that “age better because they 
are made for more than just the moment. More time and skill is employed in making them so 
they are difficult to destroy when style and progress want to replace them with new models” 
(Pedreira, pg. 62). The pre-exposure to accept diversity (as with the example of the Moors of 
North Africa) helped absorb the culture shock of living with people of different ethnicities and it 
may explain why Spaniards had no qualms about intermarrying (forcibly or otherwise) with 
Taίno or African people in Puerto Rico, even though the latter were below the Spanish settlers’ 
economic status. This contrasted sharply with their American counterparts who were quick to 
deny relations with anyone of a “lesser race,” (especially in the 1800s) even though forced 
relations with slaves were extensive and extremely common throughout the history of slavery in 
the U.S. This is one example of how Spain and America operated at different ends of the same 
spectrum.  

 
America was still a young country which made cognitive epistemology the primary and 

foremost way of attaining valid knowledge and success. When Puerto Rico shifted from a colony 
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under Spain to a colony under America in 1898, Puerto Ricans knew there was a necessity for 
rapid change in paradigm if they were to survive their new colonizer. By counting and measuring 
things, America introduced the idea of placing higher value on statistics: objects that one attained 
defined one’s place in civilization. Forced to operate under this new idea, Puerto Ricans saw a 
drastic split among the members of society. As Pedreira noted in regard to this split, “There are 
many writers who draw comparisons, applying pluses and minuses to contemporary life as if the 
territorial spirit could be reduced to statistics” (58). By pressuring Puerto Rico to produce only 
results that measured success, Americans unintentionally reduced the islanders and their culture 
to mere statistics.  

 
The pressure from America to produce economic success had both positive and negative 

effects on Puerto Ricans. There was a huge rise in the number of schools, better road conditions, 
and more sanitary means of living that provided many Puerto Ricans with a better quality of life. 
But a negative impact was felt in the early 1900s and through the 1930s - a time of rapid 
development in technology and industrialization in America, but not in Puerto Rico. 
Nevertheless, Americans continued to measure the success of Puerto Rico against American 
technological and economic expansion. This had a detrimental psychological effect on the 
societal esteem of Puerto Ricans because they failed to match the rapid progress of Americans. 
This, in turn, caused Americans to be more proactive in their attempts to “educate” Puerto 
Ricans on the value of success. 

 
America’s pressure on Puerto Rico to produce achievement was exemplified in its 

expectation of tangible achievement from Puerto Ricans. With the strong coercion of Americans, 
Puerto Ricans learned to strive for success that could be recorded or converted to numbers. This 
meant that investments were cut from the budget when they did not provide these outcomes. 
Pedreira quotes intellect Fernando Callejo who considers the effects of these cuts. “One of the 
first acts of the North American government in Puerto Rico,” says Fernando Callejo, “was the 
elimination of all subsidies of an artistic nature” (64-65). This meant the discouragement of 
festivals, shorter holidays, the closing of local libraries, and the suppression of artwork. In effect, 
a type of cultural smothering distorted the way in which Puerto Ricans viewed and accepted their 
own artists, dancers, and musicians.  

 
Epistemology of those indigenous to the Americas  
 
The epistemology of those indigenous to the Americas is inspirational: one knows 

through reflection and spiritual receptivity. Indigenous worship practices centered around two 
Gods: Yucahu ( the god of cassava -Taίno’s main crop and the sea), and Atabey, (mother of 
Yucahu, and the goddess of fresh water and fertility). When Spaniards forced Catholicism on the 
Taίno, the Taίno drew strong similarities between Yucahu and Jesus and the Virgin Mary and 
Atabey. They kept much of the same worship practices, but altered the names of their gods to 
please the Spaniards. By mirroring Catholicism, they could still maintain their connection with 
the Great Spirit. This way of thinking may explain why many Puerto Ricans have held fast to 
their Catholic beliefs imposed by the Spaniards because eternity was also the ultimate goal and 
end result of the epistemology of those indigenous to the Americas.  
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African epistemology 
 
The African epistemology brought a different component as it is affective: one knows 

through symbolic imagery and rhythm. “I feel phenomena; therefore I think; I know” (Vernon 
Dixon as quoted by Karanja Carroll 115). Unlike the European/Euro-American mindset of 
“step(ping) back” from phenomena, there is no empty perceptual space in the African 
epistemology. When considering this element, it is important to understand the definition of 
African epistemology and how it is expressed. Most plantations were on or near the ocean, so 
various vehicles of expression can still be seen in Puerto Rico along the coastal regions where 
the majority of slave descendants continue to live. This strong dynamic is portrayed through the 
use of vibrant colors in clothing, an emphasis on the art of everyday life, and the portrayal of that 
art reflected in drumming, dancing, and music. 

 
Musical expression plays an important role in the way that African people (in Africa 

itself or one of its many Diasporas) interrelate and communicate with one another.  Messages 
between community members were generally expressed through music and, as a result, the Plena 
was born and rose to popularity in the 1900s in Puerto Rico. Plena - a musical style that has its 
roots in African dances - usually involves lyrics that keep the community up to date on events 
occurring on the rest of the island. As the critic Javier Galvάn shows in his seminal work Culture 
and Customs of Puerto Rico, the lyrics include such things as “…political scandals, satirical 
views on poverty, impossible love, and natural disasters. This genre offers the average 
community an important vehicle for expression” (118). Plena is a prime example of African 
epistemology being expressed member-to-member through music. It requires strong 
communication between the singer and the listeners among whom this communal harmony 
continues through the development of interpersonal relationships.  

 
Music and drumming continued to be a crucial component to the African epistemology 

because it united families and communities. As stated previously, the African axiology is 
member-to-member, so they expressed the importance of these interpersonal relationships 
through their music. In his book Divided Borders, intellect Juan Flores explains that the Plena, 
“[d]espite the unfavorable odds dictated by its evidently African-based features and its origins 
among the most downtrodden sectors of the population…” had quickly replaced “…both Bomba 
and mύsica jίbara as the favored sound among many poor and working people” (85).  Flores 
goes one to describe how “Plena even superseded the danza as the acknowledged ‘national 
music’ of Puerto Rico” (85). Although the expected subconscious of many Puerto Ricans would 
not naturally allow the African-rooted Plena to be recognized as music on the island, the fact that 
Plena built various interpersonal relationships was irresistible for a people who longed for 
connections among community members. Despite the common trend to not acknowledge 
African-sounding music, the interpersonal relationships that the Plena brought to the 
communities easily made this musical genre one of the most popular styles.   

 
Shortly after the Plena came the Bomba, with its roots originating in West Africa.  While 

the Plena stresses the lyrics of the song, the Bomba has a looser structure that focuses on both 
dancing and drumming. The Bomba is a community event that has a strong use of call-and-
response, which comes from West Africa. Call-and-response drumming is specific to West 
Africa and played a key part in the interconnection among the African slaves and their 
descendants (Galvάn, 2009). 
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Call-and-response happens when a lead musician improvises for a measure or two, and 
then the rest of the ensemble plays a set rhythm when the soloist is done. Call-and-response is 
mostly used by drummers, but may also be used by dancers and singers. Given the West African 
core of the Bomba, it is a highly improvisational genre by nature and has no set length or 
predetermined lyrics.  Expressing relationships through music became an integral part of daily 
life in Puerto Rico and is still seen at annual festivals, art shows, and the vast popularity of 
community dance centers.11 

 
Both styles of music exemplify how interconnected the African epistemology and 

axiology allows African and African descended people to be. This is sharply contrasted with the 
individualistic epistemology of Euro-Americans. This contrast caused a repression of the very 
culture where music and art played a key role in everyday life of Puerto Ricans of African 
descent. By taking away vital means of developing interpersonal relationships, community, and 
way of life through the imposition of individualistic European/Euro-American epistemology, 
America marginalized and smothered African culture across Puerto Rico. This made it nearly 
impossible for dark-skinned Puerto Ricans to adjust to the horizontal aspect of civilization 
because of the negative implications placed on African culture by Europeans/Euro-Americans. 

 
Logic: the process by which one organizes what they know.  
 
European/Euro-American logic 
 
The process by which Europeans/Euro-Americans organize what they know is 

dichotomous: either/or. This approach to logic goes hand-in-hand with the Europeans/Euro-
Americans epistemological idea of empty perceptual space. For example, if a person is sitting on 
a chair in the middle of a room, European/Euro-American logic suggests that the person is either 
sitting in the chair or they are not sitting in the chair. It is very hard for one who operates under 
this type of logic to imagine a person both sitting in the chair and not sitting in the chair at the 
same time. This method of thinking reflects the idea of perceptual space present in the 
epistemology of Europeans/Euro-Americans (Dixon, 1977). 

 
This either-or dichotomy explains the simple classification of race in America today. The 

common theme is that a person is either white or black. Even people of mixed races are often 
forced to choose only one ethnicity and, more often than not, they are classified by their skin 
color, not by their actual cultural or linguistic background. When America tried to classify Puerto 
Rican people (as their epistemology of statistics/categories dictates they should do), they ran into 
many problems because Puerto Ricans were too diverse to be labeled as one race or another. 
They did not claim strictly Spanish heritage because they were too dark, and they did not claim 
strictly African heritage because they spoke Spanish, and they also did not claim strictly Taίno 
heritage because most of their Taίno ancestors had been decimated by the Spaniards.  

 
 
 
 
 
 

                                                 
11 Found in the Encyclopedia of the African Diaspora. (2008) 
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Logic of those indigenous to the Americas 
 
The logic of those indigenous to the Americas is one that is concatenate: all elements and 

beings of the multiverse12 are linked. To symbolically link the elements and beings, indigenous 
Americans used the Medicine Wheel. Basically, this wheel is usually representative of the four 
directions: north, east, south, and west. Each indigenous American group had its own 
interpretation of what these directions meant and what colors each direction should take, as well 
as a myriad of other elements in their interpretation.  

 
The Taίno Medicine Wheel parallels those of many indigenous North Americans. Those 

who believe in the 24 Generation Prophesy13 have recalled the four directions of the Taίno 
Medicine Wheel represented by four original stones that the Great Spirit cast high into the sky, 
creating the four stars of the four directions. The South (innocence) is ruled by Achiano, while 
Koromo rules the West (introspection), Rakuno rules the North (wisdom), and Sabaiko rules the 
East (illumination).  

 
Each of these four spirits has a sacred bird and a sacred food mother. The South is 

inhabited by a turkey (guanaho) and harvests green squash. The West is inhabited by the owl of 
nightfall (mukaro) and harvests black beans. The East is inhabited by the hawk (guaraguao) and 
harvests yellow maίz (maize). The North is inhabited by the hummingbird (babae) and harvests 
white cassava bread which is made from yucca. Along with these representative birds and 
harvest crops, the directions are represented by specific colors derived from the color of the 
symbolic harvest crop:  green (squash) in the South, black (beans) to the West, yellow (maize) in 
the East, and white (cassava bread) in the North. The Medicine Wheel is bound by 28 units 
(including the units that stand at the four directions) and are usually symbolized in the form of 
stones (http://caneycircle.owlweb.org/24generation html).  

 
The Taίno Medicine Wheel relates to their belief that all elements and beings of the 

Multiverse are linked. This may be why the Taίno were so welcoming to Spanish settlers upon 
their first arrival; if everything is linked within the Great Spirit, then to show grace to others is to 
show appreciation of the Great Spirit. For example, food, clothing, and water were provided to 
the first Spanish settlers to show Taίno willingness to live in harmony with those created by the 
Great Spirit.  

 
 The Medicine Wheel was a crucial aspect of Taίno life, but in the context of Puerto 
Rican identity not much can be said about the impact of the Taίno way of life through the lens of 
those who recorded Puerto Rican history. Unlike the Spaniards and Africans who have more 
historical documentation on their existence, the incorporation of Taίno culture is usually 
portrayed as a hindsight projection onto the island today. Much of history portrays the Taίno way 
of life as not significant enough to impact the culture of the island. Dr. Cruzao counters this 

                                                 
12 This is an overarching term defined by Nichols to mean Great Spirit, Cosmos, Universal Being, etc. The term 
‘Multiverse’ is used because different groups of indigenous Americans had different names for this concept 
according to their specific customs and traditions. 
13 The 24 Generation Prophesy predicts the rise of the Taίno long after decimation and is believed by many to bring 
a great awakening among the Taίno descendants. This new wave of consciousness started in 1992 (the beginning of 
the prophecy) and will end when the 24th generation is born completing the rebirth of Taίno people, culture, and 
traditional ways. http://caneycircle.owlweb.org/24generation html  
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claim, “Fishing by blacks is considered an aberration because black slaves were traditionally 
taught a fear of the sea as a way to keep them enslaved. Some historians have argued that the 
blacks of Loiza [an underdeveloped area of the island] developed their fishing skills through 
direct contact with the Tainos of Puerto Rico.” While history written by the colonizer does not 
document how blacks conquered their fear of water and learned to fish, it is obvious this is one 
of many examples where cultural exchange and community development was occurring - with or 
without colonizer permission. 
 

African logic 
 

 To define the logic of Africans, Nichols used the term diunital to express the union of 
opposites. When something is diunital, it is separate but together at the same time. It is indicative 
that Africans do not have a perceptual space in their epistemology like the Europeans/Euro-
Americans do. Vernon Dixon (quoted by Karanja Carroll 116) states“…a person becomes 
oriented towards the harmonious oneness between the observer and the observed and in which 
there is an absence of empty perceptual spaces among phenomena.” Placing the previous chair 
example into the African world view, it is possible for a person to be in the chair, and not in the 
chair at the same time.  
 

Diunital thinking became a strong undercurrent in Puerto Rican culture.  This, in turn, put 
America at odds with Puerto Rico because Puerto Ricans did not fall into a black-white 
dichotomy. But because slavery was not as culturally constrictive in Puerto Rico as it was in 
America, the African axiology formed a little more freely adding more diunital ideals to the 
complexity of Puerto Ricans. The diunital aspect of their African roots, combined with the 
slightly more tolerant European axiology of the Spaniards did not allow Puerto Ricans to be 
firmly established under one cultural category for too long. This is a classic example of how the 
Euro-American ideas directly opposed the axiology, epistemology, and logic of the African 
cultural foundation of Puerto Ricans. 

 
Process:  the method by which one organizes what they know.  
 
European/Euro-American process 
 
Technology is used by Europeans and Euro-Americans to organize what they know. By 

stressing the importance of fulfilling the status quo in everything, especially gross domestic 
product (GDP), Euro-America used numbers to prove, or show lack of, success in Puerto Rico. 
In this way, sets of data and everything that is known can be reproduced, repeated, and predicted. 
Placing high value on technology has produced some great results and helped humanity, but 
resulted in the negligence of cultural components and a misunderstanding of culture in other 
countries. This focus on technology, and not on culture, left Americans confused about the 
identity of Puerto Ricans. 

 
Process of those indigenous to the Americas 
 
Transcendence is the process used by indigenous Americans. Everything in life is 

interrelated through mineral, plant, human, and spiritual networks so all decisions in life are 
processed with regard to how it will affect the network. This helps to explain the nomadic nature 
of most indigenous people, they moved so as not to tire out the earth with constant agriculture. 
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The idea that everything has a spirit is still reflected today in the many descendants of indigenous 
people in the Americas.14  

 
Process of Africans 
 
The way Africans process phenomena in life are through what Dixon named “Intuology.” 

This is similar to the process used by indigenous Americans who view all phenomena in life as 
interrelated through human and spiritual networks. While the earth, plants, and animals are 
important dynamics in African culture, the value of member-to-member and member-to-ancestor 
connection is much stronger. African epistemology does not allow individuals to strive for 
mastery over nature, as the Europeans/Euro-Americans do. At the same time, the African 
axiology does not allow other things to take precedence over human and spiritual connections.  

 
Application of Analytical Framework 
 

“…transculturation better expresses the different process of transition from one culture 
to another because this does not consist merely in acquiring another culture, which is what the 
English word acculturation really implies, but [it] necessarily involves the loss or uprooting of a 
previous culture…” ~Fernando Ortiz 

 
This section delves into the above ideas through specific examples and counterexamples 

within the Puerto Rican cultural context. By relating Nichols’ Philosophical Aspects of Cultural 
Differences to common themes in the thinking of some Puerto Ricans as revealed in essays, 
fictional work, case studies, and documentaries, this investigation reveals the underlying 
axiology, epistemology, logic, and process that influenced ideas surrounding Puerto Rican 
identity. 

 
Studies that agree with the notion of homogeneity have suggested that Puerto Ricans (like 

many people of other Latin@15 countries) do not stress the importance of racial identification 
and, therefore conclude that racism is not an issue for them. This statement is only partially true: 
in the U.S., racial identification most often defines cultural identification, while in most other 
countries, it is reversed. When most Euro-Americans categorize or try to define other races and 
cultures, it is done through the dichotomous Euro-American logic (i.e., either a person is white, 
or a person is black). In her essay “Puerto Ricans: Between White and Black”, Clara E. 
Rodrίguez states, “This is not to say that Puerto Ricans feel no racial identification, but rather 
that cultural identification supersedes it” (82).  Beliefs like these parallel the notion of 
homogeneity and contribute to a distorted sense of nationality in among Puerto Ricans. 

 
While there is a strong sense of nationality among the islanders, this nationalism does not 

address the history of continued marginalization of black Puerto Ricans. With respect to this, 
Juan Flores describes in Divided Borders that in the 1960s, “it took the towering presence and 
symbolic passing of a black popular musician of the uncontested stature of [Raphael] Cortijo to 
                                                 
14Interview statements came from indigenous-descended peoples from the Leech Lake Reservation, MN.  It should 
be noted that while these statements are from North American indigenous people, there are strong parallels between 
indigenous Caribbean culture and indigenous North American cultures.  
15 The Spanish language has separate feminine and masculine endings. A new wave of feminism in various Latin 
American countries are pushing to use the @ symbol to represent both the ‘a’ (feminine) and the ‘o’ (masculine) to 
ensure that femininity and masculinity are included in the idea of a Latin@. 
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force the questions of African and working-class culture onto the agenda of every-day Puerto 
Rican life” (93). It took Cortijo plenty of advertising, an unbelievable number of concerts, and 
the persistent dedication of most of his life even to be considered as a contributor to Puerto 
Rican music.  

 
This is not an isolated case, as there are many examples of artists who have been 

repressed by mainstream culture. What they have in common is they are all black Puerto Ricans. 
By the time Cortijo completed the work that would never have been required of white artists; 
African culture was just being considered for the first time. It took until the 1960s to recognize 
that African culture had contributed to Puerto Rican music! While it may be true that cultural 
identification supersedes racial identification among Puerto Ricans, this idea may also explain 
why Puerto Ricans are not as individualistic as North Americans are today, in present terms. It 
does not account for the history of marginalization in the past.  

 
Considering these limitless distinctions in the axiology, epistemology, logic, and process 

of these three cultures, it is clear that the idea of cultural homogeneity in Puerto Rico needs to be 
questioned. This study investigated the roots of the notion of cultural homogeneity and found 
parallels in one cultural theory that explains homogeneity as such: culture A + culture B + 
culture C = culture D. This theory proposes that the culture of group A, mixed with the culture of 
groups B and C, will equal a “melting pot” utopia which is culture D.16  

 
But this theory in and of itself is deeply flawed because history has shown that culture A 

+ culture B + culture C = culture A. In other words, the three cultures do not mix equally to the 
make a melting pot, but cultures B and C are forced or coerced to assimilate into culture A. Once 
that assimilation was engrained within a nation, it is easy for the citizens to brag of a 
“homogenous culture” without even realizing or acknowledging that history has suppressed 
cultures B and C. This reiterates a previous point of this study: homogeneity is relevant to the 
sense of nationality today in Puerto Rico, and not to the historical marginalization of yesterday.  

 
As discussed earlier, the existence of multiple races, ethnic groups, and social classes has 

caused many Puerto Ricans (especially those of lighter skin color or of obvious Spanish 
heritage17) to believe that racism is minimal, or non-existent, in Puerto Rico. Many Puerto 
Ricans hold this idea until they travel to the United States, where racism is blatant. Intellectual 
writer and Puerto Rican native Elizabeth M. Aranda uses case studies in her book Emotional 
Bridges to Puerto Rico to describe problems that many Puerto Ricans (living on the island and in 
the mainland) experience. In one case study, Carmen (a Puerto Rican woman living in the U.S.) 
explains; “You can find a Puerto Rican to be white, trigueño (having light brown hair), black, 
and he’s Puerto Rican… In reality, it is unpredictable what color Puerto Ricans are going to be 
because of the rich mixture that we have, thank God…” (120).  

 
Carmen’s belief directly confirms the existence of the Puerto Rican notion of 

homogeneity on the island. But as intellectual Jorge Duany stated in his book which investigates 

                                                 
16 Lecture by Professor Laurence Ali Grant, The College of Saint Scholastica. 
17 Puerto Ricans of “obvious Spanish heritage” have prominent European physical features (e.g., a long nose, light 
skin, smaller build, green or blue eyes). They also do not speak the “improper” Spanish spoken by Puerto Ricans 
and do not mix with the “tainted” populations. Puerto Ricans who claim Spanish heritage speak the Castilian 
Spanish dialect to associate themselves with the “greatness” of Ferdinand and Isabella of Castile.  
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Puerto Rican identity, The Puerto Rican Nation on the Move, the previous statement reflects the 
opinion of many Puerto Ricans only because “…the dominant narrative portrays the Island as a 
racial paradise, where white, brown, and black people mix and mingle freely”(25). It is common 
beliefs, similar to that of Carmen mentioned previously, that continue to perpetuate the 
underlying issues of racism in Puerto Rico. 

 
Carmen’s statement may seem valid because she is Puerto Rican, but these beliefs can be 

dangerous for readers because it is easy to interpret an observation like this as fact without 
looking at its source. There is more to consider before taking statements like these as overarching 
truths. What many readers of Carmen’s statement do not see is that Carmen is a light-skinned, 
green-eyed woman with obvious Spanish/European heritage. Aranda notes that while Carmen’s 
ideals may not show obvious racist patterns, it is possible that the underlying belief that Puerto 
Rican diversity automatically brings equality is because she has a greater ability to progress 
through society than do her darker-skinned relatives.  As a European-looking Puerto Rican, it is 
easy for her to obtain luxuries in society that are not readily available to African-looking Puerto 
Ricans.  

 
This is not an isolated case. Many Puerto Ricans believe their diversity means no racism 

on the island. This prevalent notion is even believed by many African-descended Puerto Ricans 
until they come to the U.S. Antonio, a black Puerto Rican in another of Aranda’s case studies, is 
often mistaken for an African American. He states, “…it’s very interesting because…then you 
begin to identify racism in your own country too… You begin to see, ‘No, I’m familiar with 
this.’ And you see how it works. And you say, ‘…in Puerto Rico this happened too…over there 
[in Puerto Rico], they did this. Over there they also discriminated against people because of 
this’” (122-123).  

 
Often times darker-skinned Puerto Ricans do not recognize that racism has strong 

historical roots until they experience racism in the U.S. (Aranda). One speculation is that this 
may be because they are taught they live in a homogenous nation and therefore there is no 
discrimination. Because they are taught that racism does not exist in Puerto Rico, it is possible 
that darker-skinned Puerto Ricans become desensitized to underlying racist themes in Puerto 
Rico until they find themselves in a period of a monumental transition (such as a move to the 
U.S.) where their feelings of alienation are confirmed by racist patterns of white Americans.  

 
These revelations are not limited to just dark skinned Puerto Ricans.  According to 

Aranda, mulattos and others of mixed ancestry also begin to recognize similar dynamics between 
American racism and Puerto Rican racism. Marisol, for example, is described as a “light brown-
skinned mulatto woman” in one of Aranda’s case studies. Marisol explains, “I remember that in 
my own home my aunts would tell me not to get a lot of sun so that I would not get dark…” 
(122). Once Antonio and Marisol left the island and experienced racism in a foreign country, 
they realized that they had the same experiences at home. They did not recognize this before 
because they grew up believing, in essence, the “culture A + culture B + culture C = culture D” 
theory. This theory created a cultural illusion that distorted their ability to see or interpret racist 
undercurrents in Puerto Rico.  

 
Another contradiction to the “culture A + culture B + culture C = culture D” theory lies in 

Negrista (or ‘negro-themed’) poetry. In his article entitled, “The Imagined Republic of Puerto 



The College of St. Scholastica 69 McNair Scholarly Review  

Rican Populism in World-Context: The Poetics of Plantation Fantasies and the Petit-Coloniality 
of Criollo Blanchitude, 1914-48.” intellect Kelvin Santiago-Valles expounds on the racist 
overtones of Negrista poetry.  “Negro-Themed” poetry used to be one of the foremost literary 
expressions among what Puerto Ricans have named the “native” intellectuals in Puerto Rico 
(Santiago-Valles 59). Santiago-Valles shows that this rise of “intellectuals” occurred “…during 
the collapse of the British supremacy within the colonial capitalist world-system and the interwar 
period’s global hegemonic interregnum” (59).  

 
Santiago-Valles goes on to explain that, “The infantilization of Afro-diasporic 

populations was one of the main traits of this Negrista poetry of the criollo elites; the other was 
the need for the socio-cultural rebirth of ‘the nation’” (59). In the early stages of the development 
of Puerto Rican identity, these so-called “native intellectuals” (who were outnumbered on the 
island and, therefore, do not represent the diversity of the people) coupled the romantic fantasies 
found among the plantation slave owners with simultaneous degradation of nonwhites on the 
island. Slavery was converted into love stories, and family romances based on the dilution of the 
harsh reality of plantation life (Santiago-Valles 61).  

 
Negrista poetry sexually exploits women and men of color through the over-sexualization 

of black and mulatto Puerto Ricans (Santiago-Valles). To reiterate this atrocity of the over-
sexualization prevalent in Negrista poetry, Santiago-Valles explains that “…the picturesque 
bestialization of nonwhites within modernist patrician poetics often surfaced in a highly 
sexualized manner” (64). Santiago-Villas investigated this degrading genre of poetry written by 
white Puerto Rican criollo elites, and his study has shown that negro-themed poetry has lead to 
the continued marginalization of African-descended Puerto Ricans.  

 
By keeping nothing sacred, these “intellectual” writers continued to portray sexual 

relations among black Puerto Ricans as animal-like. Furthermore, violent sexual relations 
between a white Puerto Rican male and a black Puerto Rican female are only sexually gratifying 
to the white male. It is assumed and expressed that the black Puerto Rican woman loves to be 
ravaged because Negrista poets believed colored women to have innate, animalistic sexual urges 
that render them incapable of refusing sexual advances from anyone, especially white men. 

 
Santiago-Valles shows examples of this over-sexualization in the writings of criollo elites 

such as José P. H. Hernάndez, who wrote “Nigra sum, sed fermosa” during World War II. When 
reading this poem, it may seem as though Hernάndez is glorifying a black woman until it is 
realized that he is comparing her body to that of a wild, frenzied animal (62). By degrading the 
African population to mere animals, it helps to ease the psychological conscience of the whole 
island when sexual and racial violence is used against them. Santiago-Valles quotes Pales Matos 
who depicts whole black neighborhoods as “…croaking ebony frogs blur[ing] into the 
withdrawn, monkey-like dejection of dark, filthy, decaying bodyscapes and landscapes…” while 
portraying the blacks who live there as “primeval and full of drunken hate and lust” (62). It is 
obvious that Negrista poets such as José P. H. Hernάndez and Pales Matos used their authority as 
“intellectual” writers to engrain racist stereotypes within Puerto Ricans.  

 
Santiago-Valles demonstrates how poet, Evaristo Ribera Chevremont prefigures this 

pattern of degrading stereotypes in his poem entitled, “Nuevo cantar de cantares.” The poem, 
published between 1924 and 1931, focuses on the “feral [black-female] primitive: voiceless and 
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lying prone among satins and pelts, once again gloriously untamed, an insatiable beast” (62). In 
order to truly understand Negrista poetry, a reader must understand that the first rule is to make 
the subject incapable of being perceived as human. By portraying blacks as soulless creatures 
who either have animal-like voices, or no voice at all, criollo elites poetry succeeded in making 
black Puerto Ricans faceless, soulless, and without a normal human form.  

 
The result was, “’Poesίa negroide’ in Puerto Rico thus became a conflicting epistemic 

amalgamation that both ruptured and drew from the visual travesties of social Darwinism and 
eugenics…” (Santiago-Valles 63). The member-object worldview of Europeans/Euro-American 
axiology mixed with social Darwinism18 becomes so naturally potent that virtually no other race 
is immune to its devastating degradation of race and gender. By exploiting the “third (African) 
root” (both by race and by gender) in Puerto Rico, Negrista poets successfully perverted the 
development of an identity so that it marginalized the beastly, over-sexualized creatures that 
these poets portray as the black Puerto Rican.   

 
These “intellectual” poems are not an item of the ancient past because the majority of 

them were written in the 1890s-1940s (Santiago-Valles 63). During social turbulence in the 
maturation of Puerto Rican identity, Santiago-Valles states, “Negrista poetry replicated the very 
same ‘familiar’ landscapes of ‘local color’ and panoramas of strange ‘primitive exotica’ 
validating the preconceived perspectives, desires, and descriptive vocabulary of the petit-
coloniality of the criollo elite during the interwar social turbulence in Puerto Rico, in the rest of 
the Antilles, and in the rest of the world” (Santiago-Valles 63-64). This time of “turbulence” 
resulted in the justification of the oppression of black Puerto Ricans and the “third root.” 

 
Santiago-Valles shows this oppression of the “third root” in quoting another poem that 

explains, “within this [sensual] economy, the bound black body, permanently affixed in its place, 
engenders pleasure” insofar as these narrative forms “restaged the seizure and possession of the 
black body for the [white] other’s use and enjoyment” (66). By making the “seizure and 
possession of the black body” a normal part of the racial landscape, it is obvious that ethnic and 
sexual violence stem from such ideologies. Santiago-Valles went on to note that this type of 
epistemic violence probably hit an “all-time low” with another poem by Evaristo Ribera 
Chevremont in 1946, “La negra muele su grano.” The seventh stanza of his famous poem reads:  

 
It is savage bliss to her 
when the white man fills her 
when it is the white man who takes 
her ardent black mass. 

 
Because the black woman is the object, she is, therefore, acquirable for the “[white] 

others use and enjoyment” (Santiago-Villas 66), and it is this act of “taking” the object that is 
highly reflective of the European/Euro-American axiology (member-object). Remembering that 
the priority of Negrista poetry is to de-humanize or objectify the black population, this poem 
directly reflects the “acquisition of the object” mentality. This blatant sexual and racial violence 
does not consider the desire or the will of the woman.  

 

                                                 
18 This theory was used to promote the idea that the white European race was superior to others, and therefore, 
destined to rule over them. 
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The idea that Puerto Ricans do not see the color of a person, due to their belief in 
homogeneity on the island, is arguably absurd since some of these Negrista poets write about 
how a “…fictive mammy joyfully cradles and nurses the snow-white baby in her coal-black 
arms” (Santiago-Valles 68).  Again, this is not a relic of the ancient Puerto Rican past; this poem 
was written in 1947. Color has always been seen and dutifully noted in Negrista poetry 
regardless of what some contemporary writers have suggested. Because criollo poets doubled as 
“intellects” on the island, they are given credit by many Puerto Ricans for making great strides to 
develop Puerto Rican cultural identity. Reviewing Negrista poems demonstrates that the “culture 
D” utopia is not a reality for people of color in Puerto Rico. Classism, stereotyping, racism, 
sexism, rape, and pedophilia are littered in the work of the criollo elites. If Negrista poets are 
hailed as the “great founders of Puerto Rican identity,” how can anyone on the island rightly 
argue homogeneity?  

 
To help explain the lack of understanding about racist undercurrents, we look again to 

Aranda who explains that, “Island racism was so engrained in the culture that it was not typically 
identified as something that occurred among Puerto Ricans themselves, even if it did” (122). 
Many Puerto Ricans do not consider the possibility that racism exists in ways that cannot be 
easily detected. Aranda’s study demonstrated that Puerto Ricans who live on the island have 
different views of racism and its role than do Puerto Ricans who live in the U.S. 

 
When looking at Puerto Ricans’ self perception, Aranda explicates that it is important to 

recognize and consider two different statuses: (1) Puerto Ricans living on the island; and (2) 
Puerto Ricans living in the U.S. Similarly, a study by Nancy S. Landale and R.S. Oropesa proved 
there is a drastic difference between the manner in which Puerto Rican women on the island, and 
Puerto Rican women on the mainland, self identify. Landale and Oropesa noted, “The descriptive 
results…indicate that race is often viewed differently by Puerto Rican women in the U.S. and 
Puerto Rico” (245). There is a difference in the way the women view themselves because there is 
a difference in the way they are viewed by the people around them whether they fall under the 
US black-white dichotomy or under the racially looser terms in Puerto Rico.  

 
For example, Landale and Oropesa observed race as described on birth certificates of the 

individuals involved in the case studies, and then asked Puerto Rican women in the U.S. open 
ended questions about their race. The study concluded that “In the U.S., only 8% of [Puerto 
Rican] women defined as black on the birth certificate report their race as black on the open-
ended question” (243).  It is also noted that “…family income is positively related to taking on 
white identity (for Puerto Ricans anywhere with both parents from Puerto Rico)” (247). These 
issues arise from the need to climb the social ladder to success. This may explain why 
approximately “…88% of mainland Puerto Ricans and 94% of Puerto Rican islanders are 
identified as white [on the birth certificate]” (241). If racial homogeneity actually existed on the 
island, why are these women reluctant to claim African heritage?  

 
Furthermore, an essay by Cherrie Moraga (daughter of a dark Puerto Rican woman and 

white American father) entitled La Gϋera [The Fair-Skinned One] describes her mother’s 
experiences as a dark-skinned woman as juxtaposed to her own experiences as a light-skinned 
women living in the U.S.. She notes that, “…I knew that being light was something that was 
valued in my family. In fact, everything about my upbringing (at least what occurred on a 
conscious level) attempted to bleach me of what color I did have” (249). Cherrie also noted that 
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the effort put forth to “whiten” her and her siblings came not from her father, but from her 
mother (who is a woman of color). “…the more effectively we could pass [for white] in the 
white world, the better guaranteed our future” (249).  It is experiences like these that show the 
impact of the European/Euro-American way of thinking and how it is reflected directly in the 
cultures of Puerto Ricans on the island as well as in the U.S. 

 
Cherrie is one of many women of color who has a learned rejection of all things black. 

Her mother taught her no Spanish and insisted that all her children become anglicized (Moraga 
249). This was not necessarily an attempt on the mother’s behalf to disregard the African 
heritage as it was to make them “white.” But as previously stated by Ortiz, in order to absorb 
white culture, she had to withhold the teaching of Puerto Rican culture. In attempting to have her 
children pass as white in society, they had to reject Puerto Rican heritage. This goes back to the 
either/or dichotomy of Euro-Americans as opposed to the diunital logic of African (and, 
subsequently, all Latin@ countries affected by slavery and colonialism): either her children 
adopt white culture, or they adopt Puerto Rican culture. “…In a white-dominated world, there is 
no getting around racism and our own internalization of it. It’s always there, embodied in 
someone we least expect to rub up against” (Moraga 253). Although Cherrie is light-skinned, she 
still experiences racism when other Americans realize her ancestry is not Anglo-Saxon. 

 
Many children of Puerto Rican parents go through these experiences both on the island 

and on the mainland. In understanding the root of these issues, it becomes clear that racism is 
engrained in the culture of Puerto Rico as well as in the U.S. The slave trade to Puerto Rico 
brought people who have been systematically oppressed throughout history, Africans. Yet, 
African culture has some of the strongest echoes in Caribbean life today, even if people do not 
readily acknowledge the African contribution. As a minority who spoke out against the injustice 
in Puerto Rico (much like Louis Filipe Dessus a century before), Nueryorican19 intellect and poet 
Tato Laviera explains, “I went to Africa and all of it seemed Cuban/ I met a Cuban and all of him 
was African” (The Africa in Pedro Morejόn  247). The resonations of African roots are hard to 
ignore in contemporary cultures which share a colonial past. Not just in Cuba, as observed by 
Laviera, but in Puerto Rico as well.  

 
Conclusion 

 
The review of people and events presented in this investigation illuminates just a few of 

the “…chains which humiliated (African) races…” It began with the discussion that favors 
reexamining the notion of racial homogeneity. A reexamination is crucial to recognizing how 
these chains have perpetuated the marginalization of Puerto Ricans of African descent. The 
purpose of this study was not to define what it is to be Puerto Rican, but to bring a new 
perspective about Puerto Rican identity to light by challenging the perception of pure 
homogeneity among Puerto Ricans. If Puerto Ricans are to make more advances in defining who 
they are as a people, they might consider a way that objectively examines historical, linguistic, 
economic, and social input that these three cultures initially and continue to contribute to the 
island.  

 

                                                 
19 This term is a play on words that combines New York and Puerto Rican. 
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This study proposes one positive pathway: a complete consideration and review of the 
axiology, epistemology, logic, and process of Europeans/Euro-Americans, Africans, and those 
indigenous to the Americas. This will lead to a cultural understanding of how and why people 
representing different races view their world. A thorough application of these concepts created 
by Edwin Nichols and expounded by Vernon Dixon will clarify how the differences in cultural 
worldviews have caused a learned subconscious rejection of all things black, a glorification of all 
things white, and a denial of all things indigenous. The acknowledgement and celebration of 
different cultures on the island will allow Puerto Ricans to become aware that they are a 
heterogeneous people who have different historical and cultural foundations that need to be 
understood. This awareness, in turn, will provide Puerto Ricans with a way to more clearly 
define national itentity(ies) that accurately reflect their historical and cultural roots.  

 
This study exposes the history of government in Puerto Rico that instilled white 

ideologies at the expense of black culture. The closing of artistically important buildings and the 
discouragement of things of an artistic nature is an indicator of the imposition of a member-to-
object axiology of Europeans/Euro-Americans and how it repressed the musical expression of 
African member-to-member axiology. With regard to music, the extremely flexible African 
axiology means the African root in Puerto Rico is channeled through music. Because the African 
epistemology is one that is affective (knowing phenomena through symbolic imagery and 
rhythm), the suppression of African culture will mean that it will find alterative venues to 
channel its epistemology. There always will be resounding African foundations in Puerto Rican 
culture because of the adaptable member-to-member epistemology. A realization of this aspect 
of Puerto Rican culture is key to advancing an identity that does not marginalize other races. 

 
In addition, in order for discussion on Puerto Rican identity to move forward, this 

investigation proposes a re-thinking of what success really means. Is the best way to truly know 
one is successful only found through counting and measuring? Why not both counting and 
measuring and symbolic imagery and rhythm? This investigation proposes, in part, that it is 
possible to define success in different ways through assorted venues. Since Puerto Rico is a 
colony whose people are in constant migration back and forth from the island to the mainland, 
this study suggests that America, the colonizer, be responsible to initiate progressive changes in 
cultural understanding if Puerto Rico is to move forward. 

 
Moving forward may also mean a critical review of the wide acceptance of the 

European/Euro-American dichotomy logic that is linked to social Darwinism. This dichotomy, 
supported by social Darwinism, has lead to a limitation of cultural understanding. Many 
Americans seem to be uncomfortable around Puerto Ricans. This is because (in the 
European/Euro-American logic) a Puerto Rican needs to be either black or they need to be white. 
Darker skin color disqualifies individuals from having white privilege, but their Spanish 
language gives the perception that they are not African-American. It is not the either/or 
dichotomy alone that makes Europeans/Euro-Americans ignorant about other races. It is the 
marriage of social Darwinism to the European/Euro-American either/or dichotomy that has lead 
to the oppression of other cultures.  

 
Along with the divorce of social Darwinism from European/Euro-American dichotomy, a 

wave of revitalized thinking may come from a strong consideration of the African diunital 
(uniting of opposites) ideology in the area of developing identity in Puerto Rico. This ideology 
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may aid in explaining various cultural phenomena on the island. Puerto Ricans are not African, 
Spanish, or Taίno: and yet, they are African and Spanish and Taίno. This is a subtle but crucial 
difference between a dichotomous and diunital logic that may help cultural development and 
lead to an understanding of how racism has affected African-descended Puerto Ricans. 

 
As this investigation illustrates, there is much evidence about the effects of racism on 

black Puerto Ricans reflected in Negrista poetry, which proposed racial violence, rape, and 
stereotyping of blacks as a means to building a national identity. Negro-themed poetry 
demonstrates that someone had to pay the price yesterday in order for Puerto Rico to be 
“homogenous” today. While there may be a strong sense of nationality and camaraderie on the 
island in contemporary terms, it is at the expense of other cultures in historical terms. In The 
Puerto Rican Nation on the Move, Jorge Duany explains, “The nationalist discourse in Puerto 
Rico has traditionally omitted racial and ethnic minorities…from its nation-building project...” 
(24). These omissions “…run through political speeches, literary texts, historical chronicles, 
journalistic articles, paintings, films, and other cultural representations that constitute the textural 
corpus of nationalist thought” (24). By ignoring these issues or pretending they do not exist, 
many Puerto Ricans become far removed from the mistakes of their forefathers easily believing a 
“culture D utopia” façade. But the suppression of these issues may lead to more problems in the 
future for defining Puerto Rican identity.  

 
When drawing parallels between Puerto Rican identity and racism, the reality is whether 

Puerto Ricans believe racism is an issue or not is irrelevant, because racism will always create 
problems in the search for national identity [or identities]. Racism does not need people to 
believe it exists in order to function. The perpetuation of racism shows itself through the 
marginalization of black Puerto Ricans. This truth is evident in the reality that there is wide 
acceptance of the notion of homogeneity which, in essence, functions to negate the importance of 
other cultures.  

 
This systemic refusal to acknowledge the significance of other cultures in Puerto Rico 

resulted in the marginalization of black Puerto Ricans. This study discovered a strange paradox 
that occurs when the notion of homogeneity suggests there is no racism in Puerto Rico: it is this 
very belief that perpetuates systemic marginalization and racism towards black Puerto Ricans. 
Realizing this truth cannot be expected to happen overnight, but it is a truth that Puerto Ricans 
may need to consider if an identity (or identities) is going to be established. Not just as Puerto 
Ricans - but as truly united Puerto Ricans. 

  
“I am not african. Africa is in me, but I cannot return. 
I am not taίna. Taίno is in me, but there is no way back. 
I am not european. Europe lives in me, but I have no home there.  
 
I am new. History made me… 
I was born at the crossroads  
and I am whole.”  
              ~Aurora Levins Morales “Child of the Americas”  
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ABSTRACT 

 
Micronutrients are critical for normal mammalian brain development. Inadequate dietary levels 
of micronutrients such as iron (Fe) or iodine during pregnancy and/or infancy leads to severe, 
permanent impairments in brain function.  Interestingly, Fe and iodine deficiencies result in 
similar defects in late brain development including hypomyelination of axons, aberrant 
hippocampal structure and function, and altered energy metabolism. These similarities suggest 
that there may be a common underlying mechanism associated with these deficiencies that 
contributes to the developmental defects. The main physiological role of iodine is in the 
production of the thyroid hormones, thyroxine (T4) and 3, 3’, 5-triiodothyronine (T3). Thyroid 
hormone is critical to brain development throughout gestation and during early neonatal life. In 
many parts of the developing world goitrous, iodine deficient children also suffer from iron 
deficient anemia (IDA) (1). Several studies have shown that Fe administration improves the 
efficacy of iodine supplementation programs in these regions. Another recent study in pregnant 
Swiss women showed that maternal Fe deficiency is correlated with increased circulating TSH 
levels and decreased circulating T4 levels. Several studies in iron deficient weanling rats showed 
decreased circulating T4 and T3 levels. Importantly, the effects of Fe deficiencies on thyroidal 
status of developing mammals have not been assessed. Therefore, we hypothesized that iron 
deficiencies lead to reduced circulating and brain TH levels during development and that these 
reductions in brain TH levels contribute to the derangements in brain development observed in 
iron deficient animals. We found that some, but not all genes regulated by TH in the developing 
rodent brain are also regulated by Fe deficiency. Interestingly, expression of the T4 transporter 
organic anion transporting polypeptide 1c1 (Oatp1c1) was increased under both FeD and 
thyroid hormone deficiency suggesting that increased Oatp1c1-dependent TH transport may help 
the brain compensate for the reduced circulating TH levels observed in these conditions. 
 
Introduction 
 
 Humans need micronutrients such as iodine, vitamin A, and iron for the development of 
the brain and to maintain health from the beginning of life to death. Iodine has one primary 
function and that is for the synthesis of thyroid hormone. Thyroid hormone has a critical effect 
on the development of the brain and therefore is directly linked to the level of intelligence a 
person will have. Disorders linked to iodine deficiency, such as goiter and cretinism are also 
caused due to hypothyroidism, the lack of thyroid hormone (1). These iodine deficiency 
disorders positively correlate with the inadequate levels of thyroid hormone being produced. 
Therefore the consumption of iodine is critical for the production of thyroid hormone.  
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  Iodine is consumed mainly through iodized salts, which are supplemented into our food. 
The use of iodized salt in food was approved in the early 1920’s by the World Health Assembly 
to fight iodine deficiency (7). Other possible ways to administer iodine is through injections, 
which proved to be quite costly compared to iodized salts. Iodized oil is a third option to 
administer iodine but is not as widely accepted or utilized as iodized salt.  The use of iodized 
salts to combat iodine deficiency disorders went worldwide in the 1990’s, yet billions of people 
remain at risk for iodine deficiencies due to the economic nature of their governing country (8).  
 
 Many developing countries are unable to either produce iodized salts from iodine crystals 
within their factories or simply cannot afford to import materials needed to produce iodized salts. 
In some cases the iodine itself is lost through transport from one country to the next (7). The lack 
of funds and/or the lack of government control within these countries limit the amount of 
sufficient micronutrients needed to sustain a healthy living condition. Geographical location also 
has an impact on iodine sufficiency. Studies have shown that the highest risk for iodine 
deficiencies are in regions that primarily rely on plant-based diets grown by local farmers in 
these certain locations (7, 8).  These are places that lay along the path of ancient glacier 
formations (5, 8). The run off of the melting glaciers carried with it much of the iodine needed in 
our diet. Mountainous regions are another geographical location affected by iodine deficient soil. 
The high volume of present day glaciers that cap these mountains prevent iodine from entering 
the soil beneath, limiting the amount of iodine intake that humans can consume through crops. 
The lack of the iodine micronutrient has a harmful effect on the people considered at risk for 
developing hypothyroidism.   
 
 Iodine’s primary and only known function is for the production of thyroid hormone (7, 
8). Iodine is a constituent of thyroid hormone, because it is a part of molecular makeup of 
thyroxine (T4) and triiodothyronine (T3) (5, 8). Iodine is ingested through diet and absorbed in 
the gastrointestinal tract. Iodine is then circulated as plasma inorganic iodide, which travels to 
the thyroid gland for the production of T4. T4 is then de-iodinated and converted into T3, the 
active form of thyroid hormone (1, 8).  
 
 Thyroid hormone synthesis starts with the organification of iodine. First iodine is taken 
up through a sodium/iodide symporter (NIS) into the thyroid follicle cell from the basolaterial 
side. The iodide is then transported across the cell and passes through the apical cell with the use 
of the protein Pendrin. The enzyme thyroid peroxidase (TPO) converts the iodide into iodine 
through an oxidation process, which enables iodine to attach onto a tyrosine that runs along the 
backbone of the protein thryoglobulin. This results in either a mono-iodinated tyrosine (MIT) or 
di-iodinated tyrosine (DIT) being formed on the protein thyroglobulin. This iodothyroglubin 
makes up the most vital component in the colloid material (4). The second step of the thyroid 
synthesis reaction is the coupling reaction. This is where iodotyrosine molecules are coupled 
together. If one of the di-iodotyrosine molecules couples together with a mono-iodotyrosine they 
form tri-iodothyronine (T3).  If two of the di-iodotyrosine molecules couple together they create 
thyroxine (T4) which is the considered the major coupling reaction. T3 is believed to be the 
active form of thyroid hormone, which is subsequently produced by the deiodination of T4, the 
removal of one iodine from the outer ring of T4. The thyroid gland then releases T3 and T4 into 
the bloodstream where they bind to thyroid hormone specific proteins and circulate (Fig.1) (2, 4).   
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 Thyroid hormone regulates brain development by altering gene transcription. Thyroid 
hormones regulate the transcription of thyroid hormone responsive genes and bind to the thyroid 
hormone receptor (TR). TR interacts with specific sequences of DNA designated as thyroid 
hormone response elements (TRE). TR binds to the TRE located in specific regions of T3 
responsive genes. T3 bound TR recruits RNA polymerase enzyme to the promoter site of the 
gene in order to produce mRNA. Messenger RNA is essential for the production of proteins that 
are needed in our bodies. Therefore thyroid hormone regulates the rate of specific gene 
transcription (1-4).  
 
 Studies in iron deficient adults and adolescent humans and adult and weanling rats show 
reduced circulating thyroid hormone. Iron deficiency decreases T3 and T4 circulation and also 
has a negative effect of the conversion of T4 into T3 (2). Iron deficiencies during neonatal 
development result in reduced serum and brain thyroid hormone levels. Iron deficiencies have 
similar effects of thyroid hormone deficiencies including hypomyelination of axons, abnormal 
hippocampal structure and function, and altered energy metabolism. These similarities suggest 
that thyroid hormone defieciencies may be the common underlying mechanism that contributes 
to the maldevelopment of the brain associated with iron deficiency (2). 
 
 The objective of my research project is to establish new gene targets of thyroid hormones 
during brain development and determine if whether these novel gene targets are altered in iron 
deficient brains.  
 
Methods & Material 

Brain mRNA analysis 

Total RNA was extracted from half brains using the Qiagen RNeasy Maxi kit (Qiagen; 
Valencia, CA) according to the manufacturer’s protocol. The optional on-column digestion of 
DNA with DNase was performed. RNA integrity and purity was established 
spectrophotometrically and by RNA gels. cDNA was synthesized from 2 g total RNA using 
SuperScript III First-Strand Synthesis SuperMix and random hexamers (Invitrogen; Carlsbad, 
CA) in a reaction volume of 40 L. For Oatp1c1, Neurod1, Slc1a2, Bteb, and Oatp1a5, 
quantitative real-time polymerase chain reaction (qRT-PCR) was performed using a Corbett 
RotorGene RG-3000 (Qiagen; Valencia, CA). PCR reactions were performed on cDNA 
equivalent to 80 ng of total RNA according to the manufacturer’s protocol except that a final 
volume of 10 l was used. Threshold cycle (CT) values were determined in the log-linear 
amplification phase using the qRT-PCR machine’s software. Relative mRNA levels were 
calculated relative to an internal standard cDNA sample.  A 4% NuSieve GTG agarose gel was 
used to conduct gel electrophoresis to confirm the correct PCR product size for each gene using a 
DNA ladder for comparison. A buffer (4g/100mL TAE) with loading dye was added to each 
10L of mRNA sample and loaded into wells, along with DNA ladder. The gel was run at a 
constant voltage of 115v (must be between 75 &125v) in the Power Pac HC Bio-Rad 
electrophresis machine. To make statistical comparisons between treatment groups for the 
mRNA analysis one-way analysis of variance (ANOVA) was used. 
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determine whether these novel gene targets are altered in iron deficient brains. To test this, total 
RNA was extracted from half brains of p12 pups, cDNA was synthesized, and RT-PCR was 
performed on several genes known to be TH-responsive in the developing brain, neurod1,bteb, 
and on additional novel gene targets, oatp1c1, slc1a2, oatp1a5. Previous findings have shown 
some of these genes to be TH-responsive (4,10-12). Through previous microarray analysis 
performed by members of the Anderson lab, new novel gene targets were hypothesized to be 
thyroid hormone regulated. However, expression of these genes in FeD and PTU brains not been 
directly compared. The mRNA expression of all but one gene was altered in p12 PTU brains 
(Fig.3). With the exception of Oatp1c1, no changes were statistically significant for FeD mRNA 
expression in these genes, though there were slight variations (Fig.3). 

 
Organic anion transporting polypeptide 1c1, Oatp1c1, mRNA expression is negatively 

regulated by thyroid hormone, specifically T4, throughout different regions of the brain (9,10). 
Within the Anderson lab Oatp1c1 has been measured and analyzed repeatedly to show it is TH-
responsive blood brain barrier transport protein that moves T4 across endothelial cells into the 
brain (10). In correlation with previous findings, PTU p12 whole brain levels resulted in a 26% 
increase in mRNA expression and a 22% increase in FeD pups compared to controls (Fig.3A).  

 
Novel gene targets known to be TH-responsive but not previously assessed in FeD during 

brain development were also examined. Neurogenic differentiation 1, Neurod1, mRNA 
expression levels are reduced between 35%-45% in the postnatal rat cerebellum and retina, 
which varied depending on the specific age (4-,8-, or 15 days postnatal) (11). In agreement to 
these previous studies, PTU treatment resulted in a 32% reduction in mRNA expression, FeD 
resulted in no mRNA expression change (Fig.3B). Basic transcription element-binding protein, 
Bteb, mRNA levels are down-regulated in hypothyroid cerebellum and cortex in the developing 
neonatal rat brain, primarily in neurons and astrocytes (12). As expected, PTU treatment resulted 
in a 55% reduction in mRNA expression. However, FeD did not change relative mRNA 
expression (Fig. 3C).  

 
Solute carrier family 1 member 2, Slc1a2, is a glutamate transporter in glial cells and 

neurons primarily in the hippocampus (13). Previous microarray analysis performed in the 
Anderson lab indicated that slc1a2 might also be thyroid hormone regulated. In confirmation of 
this previous speculation, PTU treatment resulted in a 38% reduction in mRNA expression. 
Interestingly, FeD resulted in a 27% increase of mRNA expression though not statically 
significant it does show a negatively regulated trend in the opposite direction of the PTU group 
(Fig.3D). Organic anion transporting polypeptide member 1a5, Oatp1a5, is a known TH 
transporter but has yet to be assessed to see if it thyroid hormone or iron regulated (15). Brain 
mRNA expression of oatp1a5 shows no change in either PTU or FeD groups when compared to 
control group, indicating oatp1a5 might not TH-regulated or Fe-regulated (Fig. 3E). 
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Another aspect of the data to consider is brain developmental processes do not occur 
uniformly throughout the brain (1-4, 9-13). Thyroid hormone responsivity of many TH-regulated 
genes is brain region specific at a given developmental time point. One of the functions of Bteb, 
a T3 regulated protein, is the outgrowth of neurites and formation of neonatal astrocytes located 
in the cerebral cortex (12, 14). There is positive correlation between bteb and the brain T3 
content (Fig.2C and Fig. 3C). This may suggest that bteb is dose-dependent and sensitive to 
reductions in brain T3 content by its cell-specific location in the cerebral cortex. This may also 
explain the correlation of neurod1 and slc1a2 with brain T3 content in PTU group (Fig.2C and 
Fig.3B, C). The effect of TH expression of a given gene may appear modest when compared to 
whole brain mRNA analysis. Therefore, the effects on TH-responsive genes such as bteb, 
neurod1, and slc1a2 mRNA expression in Fe-deficient whole brains may be more pronounced in 
specific brain sub-regions such as the cerebral cortex and should be focused on in future studies 
(Fig.2C and Fig.3B, C, D).  

 
Further speculation for the outcome of this data may be due to multiple insults on the 

thyroid axis such as two or more combinations of micronutrient (iodine, vitamin A, copper, 
selenium) deficiencies and the consumption of frequent dietary goitrogens, all of which may lead 
to altered mRNA expression in FeD groups. In keeping with this hypothesis, previous studies in 
the Anderson lab demonstrated that perinatal copper deficiency reduces neonatal brain Fe 
content and increases Fe serum and brain content (2). Finally, an unknown compensation 
mechanism may occur in FeD that normalizes the expression of these genes possibly resulting in 
the up-regulated mRNA expression of some of the genes that are FeD (Fig. 2 B, C, D). 

 
 In conclusion, the changes in Neurod1 and Bteb mRNA expression in a particular brain 

region may have been overwhelmed by a lack of iron-dependent or thyroid hormone-dependent 
regulation throughout the whole brain. Further analysis of these possible outcomes will need to 
be conducted to determine the exact mechanisms involving the regulation of these genes. I 
propose future assessments include a focused look at the specific regions of the brain known to 
be highly thyroid hormone regulated, along with the possibility of multiple insults to the thyroid 
axis during time of critical brain development.  
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ABSTRACT 

 
Fertilization is crucial for the continuation of life.  Unfortunately, the molecular interactions that 
allow sperm and egg to fuse and the function each protein served during this process are still 
unknown.  Caenorhabditis elegans (C. elegans) is an ideal organism for researching such 
proteins because of the simplicity of creating mutants and inserting transgenes into their DNA.   
A screen was used to find sperm proteins essential for fertilization.  SPE-42 is such a protein and 
when mutated, it can cause sterility in C. elegans. Although the sperm look and act no different 
than those of wild type nematodes, they fail to fertilize oocytes.  It is obvious that SPE-42 is 
essential for fertilization but which domains within the protein are vital for function is yet 
unknown.  The current study focuses on amino acids within the DC-STAMP domain.  Specific 
amino acids have been changed due to their conservation among homologs.  The DC-STAMP 
domain possibly mediates membrane fusion, so it is important to find out which amino acids may 
be involved.  It was found that Proline 540 of the DC-STAMP region may be of some importance 
to the function of SPE-42.   
 
Introduction 
 

Infertility affects a large percentage of married couples in the United States.  While 
infertility treatments remain a costly process, little is known about the molecular interactions that 
allow fertilization to take place.  The results of the experiments in this study may help to shed 
some light on the reasons for male infertility.   

 
Nematodes were chosen for the experiment because they are one of the most abundant 

animals living on Earth.  Many nematodes pose a challenge to farmers due to their parasitic 
lifestyle which can cause crop damage.  Nematodes also can cause intestinal infections in 
humans as well as infections of livestock.  By studying the fertility of nematodes, new types of 
nematicides can be developed, as well as new methods of curing infections in animals.   

 
Literature Review 

Caenorhabditis elegans (C.elegans) are microscopic nematodes that are completely 
transparent.  Their primary mode for reproduction is the self-fertilization of hermaphrodites since 
they make both sperm and eggs (Fig. 1A).  Hermaphrodites make spermatids during the L4 last 
larval stage, and they become spermatozoa when they are pushed into the spermathecae when the 
worms become adults.  As the hermaphrodite becomes an adult, the gonads switch to oocyte 
production.   An oocyte is fertilized as it is pushed through one of the two spermathecae (Kroft 
2005).  This process also forces many spermatozoa into the uterus so they must try to race back 
inside the spermathecae to have a chance at fertilizing an oocyte.  Males can fertilize a 
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hermaphrodite as well.  Males have a single-lobed gonad and produce only sperm (Fig. 1B).  
Male sperm out-compete hermaphrodite sperm because they are bigger and because males 
transfer a large quantity of sperm into the hermaphrodites during copulation (LaMunyon, 1998)  

  
 Sex determination in C. elegans occurs through a comparison of the X chromosome to 
autosome ratio.  Hermaphrodites have two X chromosomes (X:A=1.0), while a male has only 
one X chromosome (X:A=0.5).    

Fig. 1   C. elegans anatomy. The hermaphrodite (A) has 
a bi-lobed gonad and pushes oocytes through the spermathecae 
where they are fertilized by sperm. (B) The male gonad has a 
single lobe.  The sperm are stored in the vas deferens until they 
are transferred to the hermaphrodite. 
 
 
 
 
 
 

 
Transgenic rescue 
 

Transgenic mutants were made by changing predetermined amino acids and injecting the 
single-copy transgene insertion, along with the pPD118.20 (myo-3::GFP; 1997 Fire Lab Vector 
Kit) injection marker into the gonads of young adult C. elegans.  These transgenes were made 
using a Frøkjær-Jensen method which utilizes the Mos1 gene which carries the code to make the 
enzyme Mos1 transposase.  A Mos1 gene deletes itself from one chromosome and inserts itself 
into the other chromosome.  Mos1 transposase was injected into a plasmid to make the proper 
transgene needed for the mutation. 

   
Spe-42 phenotype 
 

The gene of focus, spe-42, (spermatogenesis defective) is predicted to encode a 6-pass 
sperm transmembrane protein (Kroft 2005).  Hermaphrodites with a mutation in the spe-42 gene 
(Fig. 2) produce morphologically normal spermatozoa that fail to fertilize oocytes.  Instead of 
laying fertilized eggs the hermaphrodite will lay oocytes on the plate.  Also, spe-42 males look 
no different than wild type males.  Sperm transfer to hermaphrodites, sperm migration to the 
spermathecae, and competition with hermaphrodites sperm are not affected in any way, yet they 
fail to fertilize oocytes (Kroft 2005).    

 
Hypothesis:  These data leads to the hypothesis that the function of spe-42 is somehow 

related to sperm-egg interactions at the site of fertilization.   
 

  The SPE-42 protein is predicted to be a 6 pass transmembrane protein that consists of a 
large extracellular loop, a DC-STAMP domain, and a C-terminal cytoplasmic domain containing 
a predicted RING finger domain.   
 
 SPE-42 is a candidate fusion protein because of the DC-STAMP (dendric cell-specific 
transmembrane protein) region it contains.  This domain is present in proteins involved in other 
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cell-fusion events.  Preosteoclasts require DC-STAMP in order to fuse and become osteoclasts as 
well as macrophages in order to form body giant cells. (Yagi, 2005)  DC-STAMP knockout mice 
were generated and it was found that no multinuclear osteoclasts were created because 
mononuclear osteocytes were unable to fuse (Yagi, 2005).  
 
 Drosophila melanogaster, one of the homologs to SPE-42, has a membrane protein called 
sneaky (snky) that is believed to be a sperm plasma membrane protein.  Mutations to snky 
resulted in male sterility believed due to the failure of plasma membrane breakdown (Wilson 
2006) which is needed for fertilization.  The possibility that SPE-42 is indeed a fusion protein is 
supported by the function of snky.   
 
Project goals 
 
Materials and methods 
 
 Four him-8(e1489) IV; mIs10V males per xyEx (spe-42 transgene) hermaphrodite were 
mated to acquire him-8(e1489) /+ IV; mIs10 /+V; xyEx (spe-42 transgene) which were mated to 
spe-42(tm2421)V  hermaphrodites to produce spe-42(tm2421)/ mIs10 V; xyEx (spe-42 transgene) 
hermaphrodites.  The hermaphrodites were allowed to self-fertilize to obtain spe-42(tm2421) V; 
xyEx(spe-42 transgene).  Progeny counts were preformed on these hermaphrodites to determine 
the viability of their mutation.   
 
 Hermaphrodite self-progeny counts were done at 25oC by placing single worms on their 
own growth plates and transferring them to new plates every day until the worms either died or 
stopped laying eggs.   
 
The domain of focus for mutation is the DC-STAMP region which is depicted in Figure 3.  
Seven conserved amino acids and one group of three within the DC-STAMP domain of SPE-42 
were altered by site directed mutagenesis to produce a change to the conserved amino acids.  
Plasmids with a mutation of one amino acid have been constructed and were injected into worms 
along with injection marker pPD118.20 (myo-3::GFP, 2007 Fire Lab Vector Kit) causing the 
body wall muscles to glow green.  This allowed for a positive identification of mutant worms.                             

                                                                                     
Fig. 2   Topology prediction for Spe-42.   
It consists of a large 241 amino acid extracellular  
loop between transmembrane exons III and IV. 

 
The amino acids altered within SPE-42 where chosen 
on the basis of predicted relative importance to 
structure or function and conservation throughout 
different homologs.  Transgenes containing the altered 
amino acids were introduced into the background of C. 
elegans.  The relative importance of each amino acid 
change was based on the ability of each transgene to 
rescue the self-sterile phenotype of SPE-42.  Three 

independently-derived transgenic lines were made and tested in C. elegans background.  Each 
transgene was crossed into the spe-42(tn1231) mutant background to analyze the ability of the 
mutation to rescue the self-sterility defect of spe-42.  A minimum of six spe-42(tn1231) mutant 
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worms carrying one of the transgenes were initially evaluated.  If the worms showed a severe 
reduction in fertility (<10-15 per hermaphrodite) then no further analysis was needed.   
     

Fig. 3  DC-STAMP region of SPE-42.  Amino acids marked in red  
have been mutated and progeny counts are underway to determine the  
viability.  Changes made to amino acids are listed along side.   
 
Expected outcomes for DC-STAMP region 
 
The importance of the altered amino acids was determined 
by the ability of worms with the mutation to reproduce when 
compared to wild type nematodes.  If there were a significant 
decrease in progeny counts for worms with the mutation, 
based upon wild type counts, then it was determined that the 
amino acid altered for that mutant was somehow important 
for the function of the DC-STAMP region, as well as for the                          
function of SPE-42. 
 
 
 
 

Results 
 
          Figure 4 tabulates the results of mutant counts completed compared to wild type.  Spe-
42(tn1231) makes worms sterile and by adding a wild type copy to the transgene, the worms are 
fertile again.  

   Fig. 4.  xyEx mutations 
listed to the left are in 
the spe-42(tn1231) 
mutant background.  *n 
is the number of 
hermaphrodites progeny 
was counted from.   
 

 
Fig. 5.  Mutations made to pTK 69(1-3) 
 
Figure 5 tabulates the counts completed on pTK69.  The 
amino acid changed in the DC-STAMP region for pTK69 was 
a Proline 540 changed into a Glycine.  The progeny counted 

for pTK69 was much lower than that of wild type, so this amino acid may be important for SPE-
42 function.   
 
Conclusion 
 
          The number of progeny produced by pTK69 mutants decreased significantly indicating the 
amino acid changed, Proline, was of some importance.  These results provide great insight into 
the importance of Proline 540, as well as the importance of the DC-STAMP domain in the 
function of SPE-42.   It is hoped that in the near future more amino acids important for the 
function of SPE-42 will be identified.   

Type/mutation  Progeny n* 
Wild type (Bristol N2) 175±5 10 

xyEx175 114±17 11 
xyEx177 112±18 11 

Spe-42(tn1231) 0 24 

Transgene  progeny  n 

xyEx206  44±10  10 

xyEx203  32±15  12 

xyEx264  63±24  12 
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ABSTRACT 
 
The 3/2th power law of self-thinning based upon the principle that plants are limited by light, and 
states that they will self thin at the rate of -3/2 when ln biomass is plotted against ln density. 
Controversial for narrowly describing density-dependent mortality as light limited, the self-
thinning law is repeatedly tested in an effort to prove or disprove it. This goal of this experiment 
was to test if wild rice, Zizania palustris, follows the 3/2th power law, and whether nutrient 
limitations play a role in self-thinning. Wild rice was grown in 27 tanks with 17 of the tanks 
receiving the shoot litter from the previous year of growth to provide nutrients. In the other ten 
tanks the shoot litter was not replaced. As the experiment revealed, the tanks in which the litter 
was replaced followed the 3/2th power law, while in the tanks without the litter thinned 
themselves at a rate other than -3/2 suggesting that nutrient limitation also plays a role in self- 
thinning. Based on the research conducted, Z. palustris will follow the 3/2th power law when 
nutrients are not limited. 
 
In nature, a plant's biomass increases with declines in the population’s density. This is caused by 
density-dependent mortality, or self-thinning, where competition for resources decreases the 
density of the population resulting in fewer, but larger individuals which can obtain the resources 
that are not being consumed through the rest of their life cycle. Through the research of Kira et 
al. (1953, 1956), Hozumi et al. (1956), Shinozaki et al. (1961), and Yoda et al. (1963), a formula 
was produced that showed this relationship of plant biomass and the population density known as 

where ω is biomass, C is a constant, and the 3/2 th power law of self-thinning, , 
ρ is density. 
 
The 3/2th power law of self-thinning, also referred to as Yoda’s Law, is controversial in ecology 
due to its theoretically broad application and its simplicity as it is based upon the assumption that 
plants are competing for, and limited by light, not other nutrients. This project will determine if 
wild rice (Zizania palustris) follows the 3/2th power law of self-thinning 
 
In 1953, Japanese scientists Kira, Ogawa, and Sakazaki began a series of papers exploring the 
interactions between plants (Kira et al. 1953). They recognized the lack of research in the field of 
plant ecology, and what they viewed as many flaws in previously done experiments such as 
Clements, Weaver, and Hanson’s Plant Competition: an Analysis of Community Function 
(1929). This study, along with most related studies of the time were plagues with poor statistical 
analysis, and the examination of the plants at only the population level, making the resulting 
information inadequate to the majority of ecologists. To correct this lack of information they 
researched and developed the 3/2 power law. The basic assumption of the theory is as an  



 

The College of St. Scholastica  92 McNair Scholarly Review  

individual plant grows, its height increases proportionally to its supporting photosynthetic area, 
or its leaf area. As plant grows in height, it is able to produce more leaves, increasing 
photosynthetic surface, assuming the plant does not shade itself. The volume the plant occupies, 
known as its biomass, is therefore limited by the distance to the plants surrounding it. As the 
leaves of one plant grow closer to the plant next to it, they begin to shade each other, and so 
begin the competition for light. When a plant becomes shaded, it will grow in height in order to 
put more of its leaves above the leaves of its neighbor to increase the amount of light it is 
receiving. As the plants race to grow above their neighbors, those that are not able to grow fast 
enough become shaded until there is not enough light captured to support life.  It wilts and dies. 
As the plant dies, the density of the population declines, opening up the space occupied by its 
former leaf area to its neighbors. Therefore, there is an inverse relationship between the density 
of a plant community and the biomass of individual plants. 

 
Density, measured as the number of plants/ given area, is inversely related to the distance 
between plants. A plant in a population is able to grow to half the distance between the plants 
next to it before it begins touching leaves with them. A plant is then allowed to spread its leaves 
a total of a distance, d. The leaf area of a given plant would then be equal to d2, and density is 
therefore equal to plant/area or 1/d2. Plants also grow in height, which means that their biomass 
is distributed through a volume of approximately d3. The plants occupied volume, biomass, is 
proportional to its available leaf area, or density. 
 

 
 

When Kira et al. (1953, 1956), Hozumi et al. (1956), Shinozaki et al. (1961), and Yoda et al. 
(1963) plotted the natural log (ln) biomass against the ln density of plants in their experiments, 
the resulting slope was -1.5 or   -3/2. This intuitively supported their theory that light was the 
limiting factor (Kira et al. (1953, 1956), Hozumi et al. (1956), Shinozaki et al. (1961), and Yoda 
et al. (1963).  
 
However, this theory has its limitations of application. The population must be at the same stage 
of development, sown at a density that allows the developing biomass to approach the thinning 
line, and the stands must have uniform nutrient distribution. Also, the theory is based upon 
natural selection due to self-thinning, such as genetic variation that affects light absorption, while 
external factors that cause thinning, i.e. disease, parasitic infestation, and nutrient limitations 
would cause the rule to be overridden. For example, in his paper The Self Thinning Rule (1984), 
Dr. Westoby writes that in cases of extreme nutrient limitations the slope of self-thinning would 
be flattened from -1.5 to -1. 

 
In a related experiment on size variability in relation to density-dependent mortality, Zizania 
aquatica in Chesapeake Bay was found to follow the 3/2th thinning law (Weiner and Whigham, 
1988). Weiner and Whigham sampled sections of naturally occurring wild rice stands in the Jug 
Bay Wetlands Sanctuary in the Chesapeake Bay throughout the growing season. Working under 
the assumption that stands of wild rice grow in nutrient rich areas, nutrient and water limitations 
were not considered factors and the plants were assumed to be limited by light only. 
In this evaluation of the self-thinning rule, the selected wild rice species, Z. palustris, will be 
nutrient limited. Through research by Walker, Pastor, and Dewey (2010), Z. palustris undergoes 
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a population oscillation of four years caused by the amount of litter produced the previous year, 
and the immobilization of nitrogen by microbes. Following a productive year where large 
amounts of litter is produced, large amounts of N is removed from the environment by microbes 
in order to meet their correct C: N ratio necessary to break down the litter. This creates a 
competition for N between the wild rice and the microbes. The microbes have a greater cell 
surface area that gives them the advantage in N uptake. This large uptake of N by the microbes, 
referred to as N immobilization, causes a decline in the population and biomass of the wild rice 
by making N less available. As the amount of litter is diminished, it causes a loss of easily 
reducible C for the microbes. This causes the C: N ratio to descend below the level required to 
sustain the large microbe population. As the microbe population declines, they release N, termed 
N mineralization, causing an increase in production in the wild rice. By using this naturally 
occurring population cycle, we can not only determine whether Z. palustris follows Yoda’s law, 
but also in what instances regarding nutrient limitation. 

 
Materials and Methods 
 
 Z. palustris was grown in 27 378L polyethylene stock tanks (Rubbermaid #4242, 132cm x 79cm 
x 63cm) fitted with PVC drain pipes leading underground to 20L polyethylene overflow buckets. 
The tanks contained 10cm of clean washed sand covered by 10cm of sediment from natural wild 
rice beds to imitate natural rooting depth of wild rice. The water level was set at 23cm above the 
surface of the sediment by the drain pipe. The wild rice was allowed to grow unregulated within 
the tanks with the density of the tanks being determined by counting the number of plants in each 
tank every two weeks. Six plants were selected from each tank to represent the population and 
their heights measured every two weeks. Biomass was estimated from these heights using a 
formula determined by Lee Sims (unpublished research, University of Minnesota Duluth, 2009). 
 

 

 
 
Estimating biomass through this equation, instead of removing individual plants from the 
population, allows avoiding unnatural alterations to tank densities. Flags place next to the roots 
marked the six selected plants. The flags marked the plants until they were large enough to 
support a cable tie painted one of six colors, with one cable tie of each color per tank. Each color 
cable tie was placed in the same general location in each tank to eliminate differences in growth 
due to position in the tank. Data was collected in the field by hand, and then transferred to a 
Microsoft Excel file. Research was conducted at the University of Minnesota, Duluth campus’ 
ecology research facility. 
 
Results 
 
It was found that except in a few tanks, the wild rice in our experiment did not follow the -3/2 
slope proposed by Yoda. However, a correlation was found when the slopes of the 2010 growing 
season were compared to the biomass of the 2009 season (r = .3883, p = .01), see figure 1. This 
correlation suggests that shoot litter from the previous year is partially controlling the rate of 
self-thinning. 
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being the amount needed to decompose the root and shoot litter. The plants will then get the 
remaining amount of N. In the tanks with shoot and root litter, the microbes decomposing the 
litter are taking up and immobilizing their X amount of the total N. In the spring going into the 
early summer the shoot litter is decomposed and releases its N, adding to the total amount of N 
in the tank while the root litter is continuing to immobilize it. This large release of N exceeds the 
amount required by the microbes and allows the plants to get the much needed N. The plants can 
then grow in a higher density, and to also grow larger which leads to a higher rate of self-
thinning. In the tanks without shoot litter, the plants are constantly competing with the microbes 
decomposing the root litter that slowly releases its N in smaller amounts causing nutrient stress, 
causing less self-thinning. These findings concur with what Westoby found in his study, 
(Westoby, 1984). 
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ABSTRACT 
 

ARPKD is a common infantile nephropathy occurring in ~1:20,000 live births and 
characterized by enlarged kidneys and congenital hepatic fibrosis. Severity of ARPKD varies 
greatly from neonatal death to survival into adulthood and is caused by mutations in the gene 
PKHD1 (~470kb; 67 exons) located at 6p12. Approximately 40% of mutations are truncating 
and 60% missense, which are associated with neonatal survival. PKHD1 encodes the protein 
fibrocystin (474kD; 4,074 aa). For this project, 24 patients with an ARPKD-like phenotype were 
screened using Sanger sequencing. PKHD1’s 66 coding exons were amplified using PCR and 
fully sequenced. Analysis of the resulting chromatograms identified the following variants: 50 
intronic, 26 missense, 18 synonymous, and 1 truncating. One typical intronic mutation was 
predicted to affect splicing. Missense variants were difficult to assign as pathogenic or 
polymorphic because many neutral changes are found in PKHD1/fibrocystin. Hence, manual 
scoring and the ARPKD database were used to predict the likely pathogenicity of detected 
changes. Evaluation showed 11 missense mutations to be highly likely pathogenic, 12 to be likely 
pathogenic, 11 to be indeterminate and 7 to be likely neutral. Overall, 12 patients were found to 
have 2 likely pathogenic mutations and 1 mutation was confirmed in another 7 patients. For 
families with just one detected mutation, the second mutation may have been missed or 
misassigned. For the 5 patients where no mutations were found, ARPKD is likely a misdiagnosis. 
Overall, these studies have helped characterize this group of patients and provided information 
on the most useful scoring programs. 
 
Introduction 
 
 Autosomal recessive polycystic kidney disease (ARPKD) is a common infantile 
nephropathy that occurs in ~1 in every 20,000 live births1 and is characterized by enlarged, 
fusiform kidneys and congenital hepatic fibrosis. Due to the severely enlarged kidneys pressing 
against the lungs, ~30-50 per cent of those affected die as a result of respiratory failure during 
the neonatal period1. The majority of those who survive develop hypertension and 20-45 per cent 
progress to end stage renal failure within 15 years2. ARPKD is caused by mutations in the 
PKHD1 gene which is located on chromosome 6. PKHD1 spans at least 470 kb and the largest 
open reading frame contains 67 exons with 66 of them coding for a protein. The protein encoded 
is fibrocystin, a 4,074 amino acid, 447 kDa protein. Fibrocystin is thought to have a single 
transmembrane domain as well as multiple TIG domains3.  
 



 

The College of St. Scholastica  99 McNair Scholarly Review  

 ARPKD is an autosomal recessive disease. Because of this, a child must receive at least 
one pathogenic mutation from each parent in order to develop ARPKD. Genetic mutations fall 
into two main categories, missense and truncating. Missense mutations in the nucleic acid 
sequence cause the amino acid sequence of the protein to change. Many times, this will only 
change a single amino acid but even that one change can have very negative effects on protein 
function. Truncating mutations cause amino acid synthesis to be stopped resulting in a shortened 
protein. Depending on where the truncation occurs a shortened protein may have reduced or 
absent function. In the case of PKHD1, approximately 60 per cent of mutations are predicted to 
be missense while the other 40 per cent are predicted to be truncating4. Table 1 summarizes the 
breakdown of missense and truncating mutations known for PKHD1. This data was obtained 
from RWTH Aachen University’s online ARPKD database. Figure 1 shows how mutations in 
PKHD1 are spread throughout the entire gene. 

  

 
  

This study required the selection of 24 patient DNA samples. Most of these patients had 
symptoms of a nephropathy believed to be ARPKD. Five of the patients, however, were 
considered abnormal cases and were not entirely typical of ARPKD. Sixteen of the patient 
samples had been previously tested with denaturing high-performance liquid chromatography 
(DHPLC) and one mutation was found in each sample. Another patient (R1892) was tested 
exclusively for the common ARPKD mutation T36M: the patient was found to have the 
mutation. The remaining 7 patients had never been screened by the Harris laboratory. 

 

Table 1 
A summary of the different mutations so far 
known to play a part in the development of 
ARPKD. 

 

Figure 1 
A diagram depicting where many known 
mutations are located on the PKHD1 gene. 
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Materials and Methods 
 

This project was divided into several distinct parts. First, PKHD1’s 66 coding exons were 
amplified for each of the 24 patient samples. The resulting chromatograms were screened with 
Mutation Surveyor to find any variants. Previously screened patients were screened for unknown 
mutations as well as screened to confirm mutations found using DHPLC. Next, the variants were 
scored to determine likely pathogenicity and those scores were used to evaluate several mutation 
prediction programs. Finally, western blotting was used to determine if patients with a truncating 
mutation form stable fibrocystin.   

 

 
 
Polymerase Chain Reaction (PCR) 
 
 The primers for this portion of the project were previously designed for each of the 66 
coding exons. Exons 32, 58, 61 and 67 were broken into multiple sections, each with a forward 
and reverse primer, due to their large size. This gave a total of 74 amplicons per patient sample. 
Primers were also broken down into 3 different annealing temperatures: 2 at 52.5°C, 59 at 56°C 
and 13 at 62.5°C. Each amplicon was amplified with the appropriate protocol and the results 
were tested using a 2% agarose gel: if a band was seen, the amplication was successful. All 
successful amplicons were then sent to another facility to be sequenced and an electronic 
chromatogram was sent back for analysis. 
 
Mutational Analysis 
 
 A program called Mutation Surveyor was used to analyze the chromatograms produced 
by the sequencing facility. Each amplicon entered into Mutation Surveyor was compared to a 
non-ARPKD chromatogram and the program highlighted those areas of the gene that were 
possible variants. These areas were checked manually to authenticate the variation. Intronic 
variants farther than 20 base pairs (bp) away were not considered to be mutations as their 
distance made it unlikely for them to affect splicing. Also, synonymous changes that did not alter 
amino acid sequence were not considered to be likely pathogenic. 

Table 2 
A summary of the 24 patient samples that were 
chosen for this project including mutation 
found in previous screenings. 
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 Variants that caused a change in amino acid sequence had to be further evaluated because 
such variations are not always pathogenic. Even if there is an amino acid substitution, it could be 
for a chemically similar amino acid. Also, the change may be in a region of the gene that is not 
well conserved. In either case, the protein could still retain much or all of its function. Therefore, a 
scoring system was developed using manual scoring and the online ARPKD database. For manual 
scoring, information such as Grantham difference and variation, domain conservation, contextual 
information and segregation were taken into account. Based on this information, each variant was 
then given a score of likely neutral (LN), indeterminate (I), likely pathogenic (LP) or highly likely 
pathogenic (HLP). Each of these scores correlated with a number to make later comparisons 
simpler: LN=0, I=2, LP=3, HLP=4. The ARPKD database gave scores of LN, I, LP and HLP to 
which the same numbers were assigned. For each variant, the manual and database numbers were 
averaged and the same scale was used to get a final LN, I, LP, HLP determination. Because scores 
were recorded to the tenths place, a whole number was not always obtained. To account for this, 
scores were separated as follows: LN=0.0-1.4, I=1.5-2.4, LP=2.5-3.4, HLP=3.5-4.0. 
 
Mutation Prediction Programs 
 
 There are many programs online that can be used to help determine if a variant in a 
particular gene is likely pathogenic. Part of this project was to compare the data obtained from 
four of these programs (Polyphen, Polyphen2, AlignGDGV and SIFT) to the scores determined 
by manual/database scoring. Each of these bioinformatics tools used a multisequence alignment 
and an evaluation of the chemical difference between the wildtype and mutant amino acid to 
predict a variant’s pathogenicity. Developing a scoring system with the same scale as the 
manual/database scoring allowed for easy comparison so the most accurate program could be 
determined. 
 
Western Blotting 
 
 The final portion of this project was to look at fibrocystin, the protein encoded for by the 
PKHD1 gene. Patients OX2988 and OX2990 were chosen for western blotting because they each 
had one truncating and one missense mutation. OX2988 had T36M and 711del4 and OX2990 
had I2957T and 6764fs. The protein for blotting was extracted directly from frozen kidney 
samples. 
 
Results 
 
Mutational Analysis 
 
 After careful screening of each patient’s 74 amplicons, all mutations previously found 
were confirmed. In addition, a total of 98 variants were found that were not detected in previous 
screenings. The majority of these variants were automatically classified as not pathogenic. For 
example, 49 of the 50 intronic variants were too distant from the exon to cause a negative effect. 
In the patient sample OX2989, however, there was an intronic variant located 1 bp from the exon 
that was likely to affect splicing of the gene. Another 18 variants were synonymous and did not 
change the amino acid sequence. On the other hand, one variant was immediately determined to 
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be pathogenic because it created a nonsense codon that would cause a truncated protein. This 
mutation was R3107X in patient sample R1346. 
 
 The remaining 29 variants were missense. While these variants did change the amino acid 
sequence, there were not necessarily pathogenic. Because of this, each of the changes was 
manually scored and was also looked up in the ARPKD database to determine if it had been 
described and evaluated before. The mutations found in previous screenings were also included 
in this evaluation (bringing the total number of missense variants to 41) because they had not 
been previously scored for pathogenicity in this laboratory. After an overall score was created, 
the results were as follows: 7 were LN, 11 were I, 12 were LP and 11 were HLP.  
 

 
  

Because ARPKD is a recessively inherited disorder, it was expected that 2 mutations that 
were LP or HLP would be found in each patient sample. This was not entirely the case. Two 
mutations were detected in 12 patient samples which gave an overall detection rate of 50 per cent 
in all patients. One mutation was found in 29 per cent of all patients. However, because five of 
the patient samples were not likely cases of ARPKD, it was not surprising that 2 mutations were 
not found in these cases and likely ARPKD was misdiagnosed. If these patients are taken out of 
consideration, 2 mutations were found in 63 per cent and 1 mutation was found in 37 per cent of 
likely ARPKD patients. In those likely ARPKD patients where only 1 mutation was found, the 
second mutation could have been missed in screening. On the other hand, the manual/database 
scoring was not a perfect system for measuring pathogenicity. Because of this, some mutations 
may have been underscored as indeterminate or likely neutral. 

 
 There were some patients that were particularly interesting. For example, patient R1071 
had an unusual phenotype because the diagnosis of ARPKD did not happen until age 40 when 
most cases are diagnosed very early in life. This patient was previously screened and the HLP 
mutation R3240Q was found. The new screening was not only able to confirm the previous 
mutation but to also discover L15H (LP), a second mutation. Moreover, DNA from the patient’s 
mother (sample R1072) was also screened and segregation of L15H was confirmed. The reason 
this mutation was so interesting was because it is a non-conservative mutation located in the 

Table 3 
A summary of the missense variants with 
overall score and the pathogenicity 
determination. 
 (*) denotes variants found in previous 
screenings. 
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signal peptide region of fibrocystin. According to the SignalP server, this mutation drastically 
decreases the probability of the signal peptide being functional from 91.1% to 64.8%. Even 
though this inability of the signal peptide to function properly would seem to have a highly 
deleterious effect, the L15H mutation only scored as being LP with the manual/database scoring. 
 
 Another interesting patient was R1051. This patient was screened and found to have 3 
mutations: I2957T (HLP), S2861G (HLP) and T2869K (I). DNA samples for both parents were 
also available for testing. The father was found to have mutations I2957T and S2861G while the 
mother had T2869K. The mutation I2957T was found in a previous screening and was also 
known to be a relatively common HLP mutation in fibrocystin. Because of this, it seemed likely 
that this mutation would be partially responsible for ARPKD in this patient. However, HLP 
mutation S2861G also seemed to segregate from the father so it could also be the deleterious 
mutation from that parent. On the other hand, S2861G was shown not to segregate in a previous 
screening. Even more interesting is the fact that the only mutation so far found to segregate from 
the mother is T2869K. This mutation received a score as indeterminate but it has also been 
named as a common polymorphism by the ARPKD database. Because of this contradicting data, 
more analysis is required to understand the inheritance in this family. 
 
Mutation Prediction Programs 
 
 One of the main purposes of this study was to determine how accurate certain online 
mutation prediction programs were. At the beginning of the project, the programs to be tested 
included: Polyphen, Polyphen2, AlignGDGV, SIFT, Pmut, MutPred, PhDSNP, SNAP and 
Conseq. While obtaining data on the various mutations, however, it became apparent that several 
of these programs were not accurate enough to continue testing. For example, Pmut, MutPred, 
PhDSNP and SNAP were all removed due to unreliable or incomplete data. Some programs were 
obviously skewed toward mutation predictions and others toward neutral. Other programs did 
not return the data in sufficient time to include it in the study. Finally, Conseq was removed due 
to incomparable data. It was not possible to quantify the data given by Conseq into the same 0, 2, 
3, 4 scale that the other prediction programs were scored on. 
 
 After problematic programs were removed, the study was left with Polyphen, Polyphen2, 
AlignGDGV and SIFT. These programs all worked in a similar manner by using a multisequence 
alignment to determine how highly conserved an amino acid was at a given position. The 
chemical difference between the wildtype amino acid and the changed amino acid was also 
evaluated. Finally, that information was plugged into an algorithm in the program to determine 
an overall prediction for that variant.  
 
 Although each of the tools worked in a similar way, each gave slightly different output. 
Polyphen gave a result of benign, possibly damaging or probably damaging based on the score it 
computed with higher numbers more likely to be pathogenic. Polyphen2, a newer version of 
Polyphen, gave results in the same categories; however, the scores were reported as being 
between 0.000 and 0.999 with higher numbers more likely to be pathogenic. AlignGDGV 
reported its results in terms of classes C0, C15, C25, C35, C45, C55 and C65 with C0 being 
completely neutral and C65 being the most highly likely pathogenic. Finally, SIFT reported its 
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scores as values of 0.00 and up. This tool was different in that the lower the score, the more 
likely a mutation was to be pathogenic.  
 

 
 
After the data was obtained from all the tools for each of the missense variants, the scores 

were equilibrated to allow comparison between each of the tools. Equilibration allowed each 
variant to be given a score from 0-4 for each of the four bioinformatics tools. The four scores 
from the tools were then averaged together for each variant to obtain an overall score to compare 
the bioinformatics tools to the manual/database score. It was then possible to determine how 
accurate the tools were as a group for evaluating varaints. 

 

 
  

As table 5 indicates, the overall success of the bioinformatics tools was widely varied. 
Variants such as T36M, V1741M and R3842L were fairly consistent with the manual/database 
score. Even if the score did not match exactly, the determination of LN, I, LP or HLP was still 
the same. However, a significant proportion of variants received scores very dissimilar to what 
was determined with manual/database scoring. For example, E3529Q was calculated to have a 
score of LP (3.0) but the bioinformatics tools gave it an average value of LN (1.0). A total of 25 
variants were given a score by the bioinformatics tools that was different enough that the variant 
would be placed in a different pathogenicity category. 
  

After the scores from the four tools were averaged to compare them to the 
manual/database scores, each tool was also evaluated individually to determine which tool 
deviated least. To do this, a differential score was calculated for each tool. The closer a score was 
to 1.0, the better the tool was determined to be for mutatioinal analysis. This evaluation showed 
AlignGD/GV (1.05) to be the most reliable of the four tools. It was followed relatively closely by 

Table 4 
The rules used to equilibrate 
the output of the four 
bioinformatics tools for 
comparison. 

Table 5 
A comparison of manual/database scores 
and the average scores from the four 
bioinformatics tools. 
Orange denotes variants found in 
previous screenings. 
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Discussion 
 
 The first purpose of this project was to detect and classify mutations in 24 likely ARPKD 
patients. Tables 6-8 summarize the mutations that were found in each patient and what 
pathogenic classification they received. Overall the testing was found to be quite effective. In the 
future, any incomplete screening will first need to be finished. Then, patients where the ARPKD 
diagnosis is still questionable will need to be re-screened for any missed mutations and 
segregation will be performed where family DNA is available. Those patients strongly believed 
not to have ARPKD will have to be re-diagnosed. Finally, it was determined that 
manual/database scoring was more efficient and reliable, though more time consuming, than 
using online bioinformatics tools. Because new tools are continuously created and updated, 
studies like this one may need to be repeated in the future. 
 

 

 

Table 6 
Patients who were found to have 2 
mutations and most likely do have 
ARPKD. The red mutations are 
HLP, yellow are LP and green are I.

Table 7 
Patients who were found to have 1 
mutation. Cases are not typical but 
ARPKD is still a possibility. Red 
mutations are HLP, yellow are LP 
and green are I. (*) denotes an 
incomplete screening. 
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The goal of the western blotting phase of this project was merely to determine whether 
human fibrocystin could still be formed with a truncating and missense mutation combination. 
The westerns confirmed that the mutations tested could indeed form protein products; 
furthermore, it was also determined that the human and mouse fibrocystin products are similar 
on the blots. In the future, more testing of different mutation combinations will be tested. For 
example, cases of double truncations could be tested if samples were to be obtained. 
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Table 8 
Patients who were found to have no 
mutations on the PKHD1 gene in 
this screening. ARPKD is likely a 
misdiagnosis. 
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ABSTRACT 

 

An important aspect of biomaterials engineering is the ability to mimic the natural interactions 

between cells and their environment.  The extracellular environment is dynamic throughout 

development, aging, and pathological processes.  Most biomimetic materials have static 

properties, but a biomaterial has recently been developed to simulate this dynamic environment.  

This biomaterial, a DNA-crosslinked polyacrylamide hydrogel, necessitates further research to 

form a more complete characterization of mechanical properties and cellular interactions.  The 

expansion force generated by a controlled decrease in gel stiffness, via the removal of crosslinks 

upon DNA delivery, was determined using a calibrated wire deflection force test.  GFP 

fibroblasts were subjected to the hydrogel rigidity alterations.  The results compare projection 

area and polarity of GFP fibroblasts on dynamic DNA gels to their reaction on static DNA gels.  

This data adds to the understanding of these DNA hydrogels, which aids in the design of 

biomaterials with dynamically controllable stiffness.  The production of these biomaterials has 

implications in the interpretation of human pathology and the development of various clinical 

treatments. 

 

1. Introduction 

 

 The medical treatment of patients with 

organ or tissue damage remains to be an issue.  

The shortage of organ donors and limited 

treatment options has led to increased research 

in tissue engineering.  Tissue engineering 

involves the creation of materials that mimic 

mechanical and structural properties of the 

body for applications in the repair or 

replacement of human tissues.   

 The behavior of cells can be affected 

by intracellular and extracellular signaling, 

genetics, cellular interactions, and substrate 

interactions.  These factors must be considered 

when designing an artificial material for 

growing various cell types.  One of the most 

important aspects is the interaction between 

the cell and its extracellular matrix.  The 

extracellular environment of the cell has 

specific mechanical properties, allowing that 

cell type to function and proliferate [1].  These 

properties have been a source of recent studies, 

primarily dealing with stiffness, pore size, and 

surface properties [2]. 

 In the past, people have researched the 

use of natural and synthetic polymers for use 

in tissue and organ repair, drug delivery, and 

gene therapy [3,4,5].  Collagen, alginate, and 

chitosan are a few of the popular natural 

polymers that have been used in recent study 

[6].  There are many disadvantages of using 
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Human cells sense and react to changes 

in their extracellular environment.  The 

synthesis and degradation of a cells 

environment is dynamic through aging, 

external cues, and pathology [9].  This results 

in constant stiffness change in the cell's 

environment.  This is why it is necessary to 

engineer a hydrogel to reflect this dynamic 

environment. The answer to the static 

crosslinking problem lies in the engineering of 

dynamic DNA-crosslinked polyacrylamide 

hydrogels  (referred to as DNA gels). 

 DNA gels are formed with a 

polyacrylamide backbone and 5' Acrydite
TM

 

modified single strands of DNA as the 

crosslinker.  The Acrydite
TM

 modification 

allows the DNA to bind to the polyacrylamide.  

The DNA strands attached directly to the 

backbone are referred to as SA1 and SA2 [8-

12].  A third strand of DNA (L2) is added to 

connect SA1 and SA2, which completes the 

crosslink.  L2 is a single strand of DNA that 

has nucleotide sequences complementary to 

SA1 and SA2 according to Watson-Crick DNA 

base pairing.  The addition or removal of this 

L2 strand allows for the dynamic control of the 

hydrogel.  Higher concentrations of L2 will 

increase crosslinking, thus increasing the gel 

stiffness. 

 The L2 DNA also may have a 

“toehold” region.  This is an extra length of 

nucleotides that allows for the removal of 

DNA crosslinks.  When complementary DNA 

is added, it will base pair with the toehold 

region of L2.  This addition results in the 

removal of the crosslink.  The complementary 

DNA is referred to as R2 [8-12].  Adding R2 

allows the gel stiffness to be dynamically 

decreased (Fig. 2). 

 Past research has been done with 

dynamic DNA gels using rat neural cells 

[10,11] and fibroblasts from rats and mice [9].  

Research involving neural cells has 

characterized the expansion (stiff to soft) of 

DNA gels.  Studies with fibroblasts 

characterized the contraction (soft to stiff) of 

DNA gels.  The gaps in the state of the art 

include the characterization of contraction 

with neural cells and expansion with 

fibroblasts.  A more complete set of data 

(increasing and decreasing stiffness) can be 

obtained by performing these experiments in 

the opposite direction. 

 This experiment characterizes the 

expansion (stiff to soft) of DNA gels using 

GFP transgenic fibroblasts derived from rats.  

These fibroblasts are genetically modified to 

produce green fluorescent protein (GFP), 

which allows for easier microscopic 

observation.  These cells were chosen because 

the new data will correspond with data from a 

previous study [9].  This cell type is 

inexpensive, readily available, has been well 

characterized, and provides workability.  The 

change in substrate mechanical stiffness 

produces observable changes in fibroblast cell 

properties, such as shape and area.  Research 

has already been performed involving the 

contraction of DNA gels with fibroblasts [9].  

This project has two parts: assessment of 

mechanical properties and analysis of 

fibroblast morphology changes on the dynamic 

gel. 

Strand Base Pairs DNA sequence 5' to 3' 

SA1 14 CGT GGC ATA GGA CT 

SA2 14 GTT TCC CAA TCA GA 

L2 40 TCT GAT TGG GAA ACA GTC CTA TGC CAC GGT TAC CTT CAT C 

R2 40 GAT GAA GGT AAC CGT GGC ATA GGA CTG TTT CCC AAT CAG A 

Fig. 3. The DNA sequence design for a 14:14:40 DNA gel. 

The College of St. Scholastica                                     112                                                                McNair Scholarly Review 















reaction on DNA gels with decreasing stiffness 

are expected when compared to past research 

[9].  In this study, the DNA gel stiffness is 

decreased from 100% to 70% (expansion), and 

the cells increase projection area.  Thus, when 

cells experience expansion force, the cells 

expand. 

 

5. Conclusions 

 

 The delivery of a specific DNA 

sequence facilitates crosslink removal, thus 

dynamically reducing substrate stiffness and 

generating an expansion force.  DNA gels 

generated 500 nN/mm
2
 when gel crosslink 

concentration was decreased from 100% to 

70%.  The results provide evidence that 

cellular properties can be controlled through 

dynamic alterations in mechanical properties 

of the ECM without the use of controlling 

external, environmental conditions.  The 

delivery of random DNA does not alter 

cellular properties.  The delivery of 

complementary DNA changes substrate 

stiffness, thus changing cellular properties.  

GFP fibroblasts modify their morphology in 

response to the dynamic stiffness change.  

Spreading area and circularity of GFP 

fibroblasts increased during dynamic 

expansion of the underlying substrate (Fig. 

13). 

 The results show that external forces 

are exerting a change in the cell.  This 

demonstration of the ability to manipulate cells 

without other environmental cues contributes 

to the advancement of tissue engineering.  

Ultimately, a bio-scaffold with controlled 

mechanical stiffness could be designed to 

mimic physiological conditions.  This has 

clinical, in vivo implications in artificial tissue 

construction and the engineering of desired 

cellular morphology and function. 
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ABSTRACT 
 

This paper presents historical research to determine how the Theta Xi Chapter of Sigma Theta 
Tau International (STTI) Nursing Honor Society in the School of Nursing at The College of St. 
Scholastica, Duluth, MN, has impacted students in their learning and development of 
professional knowledge.  Drawing from oral interviews and 111 questionnaires, it assesses the 
impact of the honor society on nursing students’ academic success and access to future 
opportunities.  According to the findings, the impact is limited. Among students, 95% have not 
heard about the organization, 3% recently heard about it for the first time, and only 2% were 
well informed about the Society. Future research will focus on planning how the organization 
might increase its impact and fulfill its stated mission. 
 

Introduction 
 

The College of St. Scholastica (Duluth, MN) Theta Xi Chapter of Sigma Theta Tau International 
Nursing Honor Society International will celebrate its 25th anniversary in 2011. This gave rise to 
my interest to study more about this chapter. The purpose of this study is to determine in what 
ways the presence of this honor society in the School of Nursing has influenced nursing students, 
faculty, and alumni who are now practicing nurses. In the review of the literature, this paper 
briefly explores: the early education of nurses in the United States, the social and political 
influences on nursing education and the founding of Sigma Theta Tau Honor Society of Nursing 
during the early 20th Century, the development of a nursing honor society at The College of St. 
Scholastica and the approval process by which the Theta Xi chapter joined Sigma Theta Tau in 
1986. The final section of the paper presents data from interviews with nursing students, faculty 
and alumni from the School of Nursing regarding how Sigma Theta Tau International, Theta Xi 
chapter, supports learning, acquisition of knowledge, and professional development as they make 
a commitment to making a difference in health care worldwide. 
 

Literature Review 
 

The Influence of Florence Nightingale and Early Forms of Organized Nursing  
 
The concept of nursing and the willingness to nurse others has existed since the origin of 
humanity.  According to Florence Nightingale, “nursing is as old as mankind, young as a new 
born babe and inexorably tied to religion as Christ is to the church” (Bullough, Bullough, & 
Stanton,  1990). Care of the sick, especially by women, is well documented throughout history. 



 

The College of St. Scholastica 122  McNair Scholarly Review  

According to Dolan (1978), from the time of the first mother until present, women have been 
known for protecting and caring for children, caring for elderly, and caring for sick family 
members. Nursing as an intuitive act has evolved with the desire to keep people healthy and 
provide comfort and assurance to the sick. It has never changed from the original motive of 
nurturing, caring and loving which has been a characteristic attributed to women. This attitude 
and commitment is reflected in nursing practice today.  
 
The founding of organized nursing is attributed to the Daughters of Charity of Saint Vincent de 
Paul, Servants of the Sick Poor by St. Vincent de Paul and Louise de Marillac in 1633. This 
organization moved from home to home to nurse the sick, injured and administered to the 
homeless in the street.  
 
The outbreak of the Crimean War however, introduced another dimension to nursing education 
and practice. It marked the beginning of Florence Nightingale’s nursing revolution. Sidney 
Herbert, British secretary of state during the Crimean War, invited Nightingale to assist in caring 
for the injured and dying British troops. On her arrival, she found the hospital ill-equipped, with 
poor sanitation, inadequate food, poor air flow and lacking basic hygienic needs (Judd, Sitzman, 
& Davis, 2010). Nightingale believed that it was imperative to fully attend to a patient’s 
environment in order to provide support for the body’s own healing power to resolve sickness 
(Judd, Sitzman, & Davis, 2010).  Nightingale and her colleagues did all they could to improve 
hospital conditions to save lives and to improve the health of the soldiers. Her passion and 
experience led to a reform of British nursing methods.  
 
After returning from the Crimean War, Nightingale was regarded as the pioneer of nursing in 
Great Britain, Europe and the United States (Lewenson, & Krohn Herrmann, 2008). She believed 
that nursing education should require more than trial and error. She believed that clarifying 
standards for professional and personal conduct, and standardizing methods of care would 
elevate nursing as a respectable degree. Consequently, Nightingale sought to replace the ill-
prepared, sadistic nurses of the period in Charles Dickens’ Martin Chuzzlewitt, with intelligent, 
kind and well-prepared nurses. To accomplish this, she organized nursing education in England. 
Her method was later identified as the Nightingale Method and was detailed in her publication, 
Notes on Nursing (Nightingale, 1992).  Nightingale as a philanthropist, visited many institutions 
and gathered data as she went.  Her system spread and was applied all over the world 
(Lewenson, & Krohn Herrmann, 2008). 
 
The Nightingale Method was brought to America and became a model for training nurses. This 
occurred through the interaction between Nightingale and Dr. Elizabeth Blackwell. Blackwell 
was the first American woman physician to set up a dispensary.  She established the New York 
Infirmary for Women and Children in 1853. Nightingale and Blackwell shared many interests 
and desires for the welfare of others, and worked together to train future nurses (Lewenson, & 
Krohn Herrmann, 2008).  
 
In 1873, Linda Richards graduated from the New England Hospital for Women and Children 
Training School for Nurses, and officially became the first trained nurse in the United States. In 
1879, Mary Eliza Mahoney graduated from the same school to become the first black 
professional nurse in the United States (Lewenson, & Krohn Herrmann, 2008). Training nurses 
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in the latter days of the 19th Century was based on an apprenticeship model where the beginning 
nurse learned by working side by side with a very experienced nurse. Doctors taught the 
scientific material considered important for nurses at that time.  By the end of the 19th Century, 
the Nightingale Method became widely used all over the world for training nurses, including in 
the United States. 
 
Early Education of Nurses in the United States 
 
The history of nursing education in the United States, which had its beginning in Europe, was 
influenced by the centuries old techniques of caring for the sick and injured.   Prior to the 
establishment of formal training schools for nurses, nursing education revolved around the image 
and the activities of mothers caring for the sick in their own homes. In the early 19th Century, as 
D’Antonio, Baer, Rinker, & Lynaugh (2007) observed, nursing of family and friends took place 
at home because most sickness, birthing, and dying centered at home (D’Antonio, et al. 2007). 
As time passed, the motive to care for the sick at home changed when knowledge, social order, 
viable occupational options changed (D’Antonio, et al. 2007).  The introduction of scientific 
knowledge the scientific method occurred at this time.  These events were the first steps in 
creating nursing standards. 
 
The first nursing training school in United States, according to Jackson, was opened in 1872 in 
Philadelphia at the women’s hospital and in Boston at the New England Hospital for Women and 
Children in Boston (Longe, 2006).  Curtis (1969) stated that early hospital based nursing schools 
were environments where young women studying nursing carried the major burden of taking 
care of the patients.   A study of schools by Goldmark (1923) recommended that nursing 
education take place in institutions of higher learning. Although the majority of nursing schools 
remained hospital based for at least the first half of the 20th Century in the United States, there 
were some exceptions. The University of Minnesota granted the first bachelor’s degree in 
nursing in the United States in 1909. In 1923, Yale University School of Nursing became the 
first autonomous school of nursing in the United States, with its own dean, faculty, budget and 
nursing degree meeting the requirements of the university. The curriculum was based on an 
educational plan rather than hospital service needs and required that prospective nursing 
graduates meet all educational standards of the university. 
 
In the early 1950s, Colombia University began to offer a master’s degree in nursing and became 
the first university in the United States to do so.  Nursing education has changed a great deal and 
continues to develop.  Many types of doctoral programs in nursing are currently available. 
 
The Social and Political Influences on Nursing Education in the Early 20th Century 
 
During the early 1800s, according to some common laws and some Biblical traditions, women 
were generally considered “inferior” to men. However, by the late 1800s, the turbulence of war, 
economic depression, and hardship associated with the westward migration, and workforce 
demands caused by the Industrial Revolution resulted in more opportunities for women to work 
in nontraditional occupations (Judd, Sitzman, & Davis, 2010). Nursing was considered one of the 
nontraditional jobs, but with little respect and regard. The influence of Nightingale changed this 
perception in the mid 1800s, making nursing more acceptable and laudable to the general public. 
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More so, Nightingale’s establishment of nursing training schools and the arrival of religious 
nursing orders in United States helped to create an image of women in nursing who were 
dedicated to service above personal needs and or desires (Judd, Sitzman, & Davis, 2010). 
 
Another major social issue that impacted nursing education during this period was gender issues. 
Women were not considered equal to men or accorded the same rights as their male counterparts. 
Women were even denied the right to vote. Lillian Wald, founder of visiting nursing for women 
and children on the Lower East Side of New York City, along with Lavinia Dock, launched 
major efforts to help achieve voting for women. In 1869, voting right for women were promoted 
with the organization of the National Women’s Suffrage Association and Lavinia Dock, a nurse, 
used the organization to promote and expand nurse’s right. 
 
The Emergence of the Honor Society 
 
The founding of Sigma Theta Tau National Honor Society of Nursing occurred in 1922.   It was 
founded by six nursing students at the Indiana University Training School for Nurses (currently 
known as the Indiana University School of Nursing) in Indianapolis.  The Honor Society for 
Nursing was the fruit of deliberate, thoughtful reflection on the immediate and future situation of 
nurses.  These six nursing students started an honor society that has grown into an international 
association of primarily collegiate members and chapters with a single purpose of encouraging 
and recognizing scholastic and leadership achievements on both the undergraduate and graduate 
levels (Council of Association of College of Honor Societies, 1980). 
 
In the early 1900s, there was much loss of life due to World War I and the influenza epidemic. 
These events took the lives of many, including nursing students, classmates, loved ones, 
neighbors, and friends. These factors were a source of great motivation to forming the 
organization. The six nursing students’ focus was to make a change and create a better world 
with improved health professionals and systems where people could receive better health care. 
For them, change was a necessity and things could not remain the same. They saw the formation 
of the honor society as a way to implement that change. 
 
The Development of a Nursing Honor Society at CSS 
 
As word spread about the good works of the nursing honor society, many colleges and 
universities sought ways to establish a chapter. The faculty at The College of St. Scholastica 
discussed this for a number of years and in 1982 decided to apply for chapter status and began 
the work involved. The process for becoming a chapter required that there be a functioning 
Honor Society present at the school, and that the local Honor Society meet the criteria for 
becoming chartered as a chapter of Sigma Theta Tau International. The Theta Xi Chapter of 
Sigma Theta Tau International came into existence on the campus on May 12, 1982, through the 
enthusiasm of Sr. Beverly Horn, the interim chairperson of the Department of Nursing from 
1982-1983 (Sigma Theta Tau International Honor Society of nursing,1997). Sister Horn was a 
member of the Psi chapter of Sigma Theta Tau, through another university at the time.  
 
The CSS Nursing Honor Society, like every chapter, was required to function for at least one 
year prior to applying for chapter status. The following were the steps the local Honor Society 
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completed as it prepared itself to make charter application. The following material was obtained 
from the historical document, History of the College of St. Scholastica Nursing Honor Society 
(The College of St. Scholastica, n.d.) 
 
1  In early 1982, guidelines were received from Sigma Theta Tau International and faculty began 

planning. A letter of support was received from the President of The College of St. Scholastica. 
Organizational meetings were held with faculty, senior nursing students, members of the local 
nursing community and nursing alumni. There was enthusiasm. 

2 A Steering Committee was formed to adopt the by-laws sent by Sigma Theta Tau with insertions to 
make them pertinent for the local Honor Society; officers were elected. 

3 Two sub-committees were formed:  an Eligibility Committee and an Induction Committee. 
4 During these formative years, an Advisor from the National Office was named and regular 

communication continued with her throughout the process.  
5 The Eligibility Committee developed criteria for selecting members. The Induction Committee 

planned the first induction of members on October 28, 1982.   Inductions to the local Honor Society 
were on:  April 14, 1983, April 15, 1984 and spring 1985.  

6 Regular programs were held throughout these years with outstanding speakers.  
7 The Finance Committee with the Treasurer developed sound financial procedures.  
8 By 1984, the local Honor Society was functioning very well. 
9 The application for installation as a Chapter of Sigma Theta Tau International was submitted in the 

fall of 1984. Records were submitted with the application documenting adherence to by-laws, all 
events, and included all financial reports. 

10 The International Office visited The College of St. Scholastica local Honor Society.  On March 21 & 
22, 1985, the site visitor recommended to the Executive Board of Sigma Theta Tau International that 
the St. Scholastica Nursing Honor Society submit their formal petition to the biennial house of 
delegates of Sigma Theta Tau International in fall1985.  

11 The petition was made by 2 members of the local Honor Society and approved by the House of 
Delegates.  

12 
 

May 9, 1986 Theta Xi Chapter of Sigma Theta Tau International was installed.  At that time, 158 
nurses became Charter Members of the Theta Xi chapter. 

 
Methodology 

 
The research design for this study is qualitative analysis. A six item questionnaire that asked for 
comments related to the participant’s knowledge of Sigma Theta Tau International and Theta Xi 
chapter was developed. The questionnaire focused on the mission of Sigma Theta Tau and how 
the International Honor Society has helped students in the nursing program and in their nursing 
practice.  
 
One hundred twenty questionnaires were distributed in two nursing classes of both juniors and 
seniors in the traditional undergraduate nursing program.  Students were of different ages, races, 
and gender.  The students were instructed to answer the questions independently. The first set of 
questionnaires was given to 50 senior nursing students. They were distributed and collected by 
the instructor. The second set of questionnaires was given to 45 more senior nursing students.  
They were distributed by the researcher after a brief explanation about the research. 
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Questionnaires were distributed to the 12 nursing faculty and the 2 School nursing staff via their 
school mailbox with explanations by the researcher.  Thirteen junior nursing students were also 
given the questionnaire informally in study areas. 
 

Results 
 

Fifty senior students filled out the first set of questionnaires, which was a 100% participation 
rate. Forty questionnaires were returned from the second set of questionnaires to seniors with a 
90% participation rate.  The majority of the students who responded were seniors. Thirteen 
junior nursing students returned the questionnaire for a 100% response rate. Six faculty members 
returned their questionnaires for a 50% response rate. Both staff members returned their 
questionnaires for a 100% response rate. The overall response rate was 92.5% with 111 
questionnaires completed. 
 
 After collecting the questionnaires from the participants, their responses were analyzed and 
results were summarized.  
 

Discussion 
 

After analyzing the responses from the questionnaire, it was evident that the impact of Sigma 
Theta International Nursing Honor Society and Theta Xi Chapter was viewed as limited.  Among 
students, 95% had not heard about the organization, 3% recently heard about it for the first time, 
and only 2% were well informed about the Society. Nursing faculty indicated that they are 
inactive members and may attend some programs. Staff indicated that they have some 
knowledge about the organization. Future research could focus on how the organization can 
increase its impact and fulfill its stated mission at The College of St. Scholastica.  
 

Limitations of the study 
 

The study was conducted with a convenience sample, and therefore, the results only apply to the 
group studied, not the entire population of the faculty, staff, or nursing students. Questionnaires 
were distributed in classes and students had limited time for their responses. Not all nursing 
faculty and very limited staff were participants in the study. 
 

Conclusion and Recommendations 
 

The research showed that the impact of the Theta Xi chapter of Sigma Theta Tau International is 
limited. The questionnaire results show that a very limited number of students are aware of the 
existence of Sigma Theta Tau in the School of Nursing. Among those who are aware of its 
existence, there is a lack of knowledge of the benefits of belonging to the Nursing Honor 
Society. Therefore, I recommend that Theta Xi Chapter of Sigma Theta Tau International and the 
School of Nursing increase their efforts to make the organization and its benefits known to all 
nursing students at an early date in their nursing education, so that many will benefit from their 
good work and from the support available for nursing students 
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ABSTRACT 

 
The purpose of this study is to determine the impact of interpersonal relationships on individual 
success. The participants are 58 Upward Bound students enrolled in a five-week summer 
program at the University of Minnesota-Twin Cities. The students range in age from 14-18 
years. This researcher conducted the study by collecting data using both a Likert scale survey 
and daily online reflection questions. After the responses were collected, this researcher 
completed  a statistical analysis using Excel to determine if the data showed a positive 
correlation between participants’ developing interpersonal relationships and having a successful 
summer experience. 
 
Introduction 
 
For what purpose do individuals develop relationships? Are relationships motivated by the idea 
of survival of the fittest, or are individuals truly attracted to people for other distinct reasons?  
Focusing specifically on high school students ages 14-18, this study will investigate the 
underlying motivation in developing relationships.  The participants are comprised of 
Minneapolis high school students aged 14-18 who are currently participating in the Upward 
Bound (UB) Summer Program at the University of Minnesota-Twin Cities (UM-TC) in 
Minneapolis, MN. Upward Bound is a program for low income, first generation and 
underrepresented high school students who are at risk of not enrolling in post-secondary 
education (TRiO Minnesota, “TRiO Upward Bound”, 2010). The UM-TC’s UB participants are 
currently enrolled in one of the three following Minneapolis high schools: South, Edison, or 
North. Minneapolis South is located on the south end of the city, Minneapolis North is located on 
the northern end of the city, and Edison is located in northeastern Minneapolis.   The students are 
a combination of returning and new participants. The researcher’s relationship to the participants 
in program was as a class instructor and as a residential assistant. 
 
The researcher’s participation with the UM-TC Summer UB Program was divided into two main 
parts: time spent with the program participants as a residential advisor and class instructor (July 
11 – July 23, 2010), and time spent with the program’s staff, both in preparation for and 
following the official Summer Program (June 28 - July 23, 2010). The entire program lasted five 
weeks with students having the option to live on campus during the final two weeks. Students 
who were unable to participate in the residential program spent approximately 8 hours on 
campus Monday-Friday. Those who did participate lived in freshmen dorms and were able to 
choose a roommate. The residential program was facilitated by nine on-duty staff members who 
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organized nightly activities, attended meals, coordinated snacks, and ensured that students were 
ready for class each morning and in bed on time at night.  
 
In the role of Residential Assistant, the researcher performed all of the aforementioned duties.  
Additionally, the researcher provided daily supervision for 1 of the 5 classes required of the 
participants (e.g., fifth period). In the role of Class Instructor, the researcher created weekly 
lesson plans for each class, developed handouts and worksheets that correlated to different 
topics, and facilitated class. The class topics included: academic and college admission 
readiness, career preparation, financial planning, and personal and social readiness. Although no 
specific syllabus was followed, the topics were selected from a Ramp-Up to Readiness guide 
which listed a variety suggested objectives (Ramp-Up to Readiness, 2009). During this period, 
the researcher administered a survey to, and collected daily reflections and class work from 
participants. Both before and after the program, the researcher attended meetings with the 
permanent staff, planned future activities for program participants; and completed additional 
tasks such as making copies, filing, and researching information.  
 
Literature Review 
 
This research, focusing on the purpose of relationships, specifically on those of high school 
students enrolled in The UM-TC’s UB program, can provide useful insight into social and 
developmental psychology.  It focuses on the development of adolescent relationships and on 
how majority and minority groups function. Although there is information on these subjects, this 
research is beneficial because it provides insight into the role that relationships play for a subset 
of adolescents in a unique and academic social setting. If the development of interpersonal 
relationships has a positive impact on academic success, it may be applied to closing the 
achievement gap: the observed disparity on educational measures between groups of students 
often defined by race and/or socioeconomic status. 
 
According to the Keene State College Upward Bound Program (2003), there are four exemplary 
program practices which should be completed to ensure success. These exemplary practices 
include a five-day staff meeting to evaluate each and every student in a way that will enable 
graduating students and counselors to identify a desirable post-secondary school.  The second 
practice is to include a counseling component. Keene State recommends that live-in staff be 
assigned to a few students and to serve in the capacity of a mentor. The third recommended 
practice is to have an established judicial system in place compiled of seven student participants 
and three staff members. The final exemplary program practice recommended is to include a 
component of physical activity during the morning.  Keene State suggests “Movement and 
More,” a 20-minute program that was developed to engage students in high energy activities 
such as dancing and other rhythmic movement in the morning to boost student interaction 
(Upward Bound, “Exemplary program practices,” 2003). 

 
To successfully evaluate programs on a limited budget, the National Research Council (2004) 
recommends the use of a Logic Model. A Logic Model provides a picture of what the program 
hopes to achieve and a chain of connections showing how the program intends to work.  The 
Logic Model includes: resources or inputs, program activities, program outputs, short- and long-
term outcomes, and the program’s impact.  A relevant example of the Logic Model is its use in 
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the Keene State College Upward Bound Math and Science Program. The Keene State program 
designated initial GPA’s and student social security numbers as inputs, science summer 
programs and tutoring under activities, and ACT scores and finical aid under shot- term 
outcomes. By organizing data in this fashion, they were able to keep information organized and 
separate for each student (Reinhart, “Program evaluation: A methodological primer for program 
admimistrators,” 2004), and able to enhance the efficiency of evaluating their program.  

 
Evaluations are important to UB because it is a grant funded program, and must demonstrate 
evidence of success.  According to the United States Department of Education (2004), previous 
evaluations have conveyed that UB increased the number of high school math credits earned by 
participants. Evaluations have also indicated that Upward Bound increased enrollment at four-
year institutions but did not affect enrollment at postsecondary institutions more generally when 
all types of postsecondary institutions were considered (U.S. Department of Education 2004, p. 
19). Arguably, the most notable goal of UB is to increase the likelihood of participants attending 
four-year colleges and universities relative to other postsecondary institutions.  Evaluations have 
indicated that Upward Bound may have larger effects if students remained in the program for 
longer periods of time. (U.S Department of Education “Report highlights: The impact of regular 
Upward Bound results from the third follow-up data collection” 2004).  It is important for UB to 
continue to evaluate and improve its activities to maintain aligned with its mission and to sustain 
funding.  
 
The Council for Opportunity in Education (2008) provides a great history of TRiO. TRiO began 
in the 1960s as part of the Economic Opportunity Act of 1964.  The critical decade for TRiO was 
in the1980s and can be characterized as a decade of building permanence. The TRiO programs 
have evolved to the point where they are strong, stable and dynamic. They could always use 
more money but in terms of the basic legislative structure, they are intact (“History of TRiO 
2008).  

 
Upward Bound is one of the 964 national TRiO programs, and one of  63 in Minnesota. In 1966, 
UM-TC was awarded a grant to begin its first TRiO program. According to the Minnesota TRiO 
Programs (2006), the TRiO program used in this study has served over 226 participants. There 
are nine different programs that TRiO facilitates: Upward Bound, Talent Search, Student Support 
Services, Veterans Upward Bound, Education Opportunity Centers, TRiO Training Grants, 
Ronald E. McNair Post Baccalaureate Achievement programs, Upward Bound Math and Science 
Centers, and Dissemination Partnerships. With locations all over the state of Minnesota, TRiO 
programs have provided necessary support in schools to those who need it (“20 Years in TRiO” 
2006). 

 
The overall goal of Upward Bound and TRiO as a whole is to provide students with an outlet to 
enter and excel in every aspect of higher education. According to the Upward Program (2007), 
Upward Bound is designed to help prepare disadvantaged high school students for college and to 
increase college attendance rates.  The program consists of traditional academic instruction, 
support by program staff, and an instructional summer program (Upward Bound p.1, 2007). A 
recent evaluation of the program found that Upward Bound participants were more likely to earn 
more post-secondary credits, receive higher levels of financial aid, and to be more engaged in 
college activities than students who were not involved with the program.  There was no 
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significant effect on college attendance rates or high school graduation rates for the experimental 
group as a whole, but certain subgroups experienced these gains. (Upward Bound, “Upward 
Bound” p.1, 2007) UB as a whole is a great program for both pre and post secondary students 
(TRiO Minnesota, 2010). 

 
According to the Council for Opportunity in Education (COE), students enrolled in today's TRiO 
Programs mirror our nation's multi-cultural and multiethnic society: 37 % of TRiO students are 
White, 35% are African-American, 19% are Hispanic, 4% are Native American and 4% are 
Asian-American. Twenty-two thousand TRiO students are disabled (2008). 

 
Upward Bound’s overall goal is for its participants to attend a program of higher education. The 
majority of students in UB come from low income and first generation families, thus, many of 
them are eligible for the Pell Grant. However, according to Engle (2008), the number of Pell 
Grant recipients has dropped from 65% to 45%. This has resulted in more students attending two 
year colleges in lieu of four year schools (Engle et al, “moving beyond access”, 2008).  

 
In consideration of TRiO and its programs, the question addressed by this research is valid. 
According to Syed, (2010), adolescents and young adults from diverse ethnic, racial, and cultural 
backgrounds weave together their multiple identities to lead healthy, productive, and purposeful 
lives. Syed, along with others, collects data from developmental trajectories including the course 
of behavior over time, precursors, and sequelae of ethnic identity processes and narratives of 
ethnicity-related experiences. His theory and research on ethnic identity may be useful to 
understand the educational experiences of under-represented ethnic minority students (high 
school through graduate school), particularly those interested in majors/careers in science, 
technology, engineering, and math (STEM) (Syed, 2010, 2009, and 2007).  

 
Methods 
 
Participants   
 
The participants are 58 Upward Bound students enrolled in a five week program at the 
University of Minnesota-Twin Cities. The students range from ages 14- 18 years.  
 
Materials   
 
The researcher was employed with the Upward Bound Program at the University of Minnesota 
from June 21 to July 23, 2010. The researcher used a computer to access and to complete an 
analysis of the data. The researcher also used the programs SPSS, Excel, and Word to compile 
and review research in an organized format.  To collect data, the researcher used a combination 
of naturalistic observation, information compiled from Likert- style surveys, and daily reflection 
questions of the UB participants.  The participants attended summer classes and lived in a 
college dorm setting during observation.  The researcher used this data to determine the impact 
of interpersonal-relationships on program success. The independent variable was the 
development of interpersonal relationships.  The dependent variable was program success. 
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Procedure   
 
All of the participants that were observed and that completed surveys are proficient in both 
written and spoken English. English proficiency and interpretation of participants’ reflective 
questions was completed online. The researcher used a categorical system to interpret blog data 
and post Likert-style survey questions by separating the information into different categories and 
assigning a negative or positive identity to each response.  
 
Results 
 
The hypothesis tested was whether the development of interpersonal relationships’ affected 
individual success in the program. In order to test this hypothesis, a comparison of the averages 
between each independent variable was made. When comparing the averages of all the different 
students and their relationships, the researcher found that there was a significant positive 
correlation. The researcher can conclude that the hypothesis was correct. With the finding that on 
average, 60% of students who completed daily reflection questions and the Likert- style survey 
linked their success in the UB program to their relationships, it can be concluded that 
interpersonal relationships have a positive impact on individual success. 
 
 Discussion/ Conclusion  
 
One limitation of this study is that we lack insight into past events in the student’s lives. While 
knowing that these students are first generation or underrepresented with regards to higher 
education, some students could have been exposed to the successes of other family members 
which may cause them to have views different from their peers.  This could influence the results 
of the study.  Another area which may have influenced the results is the idea of how one 
performs in a group. It has been found that people perform better in groups, which may have 
curved the findings of this research.  Further, participants may have altered their behavior by 
knowing that they were under observation. Behaviors may not have been natural. However, this 
is something beyond control with no practical antidote.  A final limitation of the study may be 
that because the Likert- style survey was administered on the final day of the program, students 
were tired and not fully engaged in completing it.  Future studies would benefit from 
administering the survey during the final week, but not on the final day of the program. 
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ABSTRACT 

 
In a study of 87 participants, measures of Right-Wing Authoritarianism (RWA), Openness 

to Experience (OE), and Quest (Q) were strongly associated with measures of religious 
intolerance.  The participants consisted of 2 groups: Christian church members and members of 
a secular organization.  Church members’ attitudes toward atheists were gauged as well as 
secularists’ attitudes toward Christian fundamentalists.  Analyses suggested that RWA, OE, and 
Q were predictors of negative attitudes toward atheists in the church member group but not in 
negative attitudes toward Christian fundamentalists in the secular group.  A “list experiment” 
suggested that secular members were less likely to vote a Christian fundamentalist into office 
than church members were to elect an atheist into office.  The correlations of RWA, OE, and Q 
with attitudes toward atheism in this study show that the measures can add to the understanding 
of religiosity and religious intolerance. 
 

Recently in a newspaper headline, Pope Benedict XVI used the first papal state visit to 
Britain addressing "atheist extremism" and "aggressive secularism,” and the damage that "the 
exclusion of God, religion and virtue from public life" had caused in the last century. The Pope 
further explained his point by stating that respect for truth, justice, and the mighty force for good 
stem solely from faith in the Christian God.  This example shows a disagreement between the 
Catholic Church and atheism in terms of the source of morality.  As the Pope relates God and 
religion to virtue, he makes the assumption that atheists do not have the capacity to be moral and 
virtuous human beings.  Although this example pertains to the Catholic Church, religious 
intolerance is not specific to one denomination. 

 
For a modern and multicultural society like the United States, it is difficult, if not 

impossible, to be inclusive of all religious beliefs while maintaining a healthy level of respect 
between religious and non-religious people.  Religious intolerance, as with any form of 
intolerance, damages a society’s people.  The United States has arguably made significant strides 
to bring equality to women, blacks, and gays; but atheists continue to feel invisible, 
marginalized, and stigmatized by a society whose majority has a belief in God (Goodman & 
Mueller, 2009).  This study focuses on individual differences in personality and religiosity to 
find indicators of the intolerance in Christians and members of a secular group. 

 
Individual Differences in Religious Orientation 
 
 Religious intolerance has often been correlated with religiosity.  Modern research in the 
psychology of religion most often uses one or more measures of religious orientation in order to 



 

The College of St. Scholastica 135  McNair Scholarly Review  

determine one’s level of religiosity.  One’s level of religiosity can be gauged in many different 
ways.  In an attempt to distinguish a mature approach to religion from an immature approach, 
Allport and Ross developed the intrinsic and extrinsic religious orientation measures. Consistent 
with Allport’s conceptualization of mature religion, it was found that religion as a means, or 
extrinsic orientation, was positively correlated with prejudice.  Conversely, intrinsic orientation, 
or religion as an end, characterized the unprejudiced and was compatible with Allport’s 
conceptualization of mature religion.  Batson furthered the measurement of religious orientation 
by adding the Quest dimension (1991). The quest dimension of religious orientation involves a 
questioning, open, flexible approach to religious issues, and has repeatedly been correlated with 
a tolerant, non-prejudiced view of the world (Spilka et al., 2005).  In previous research, religion 
as quest correlated negatively with racial prejudice (Batson, 1978).   
 
Right-Wing Authoritarianism 
 
 Altemeyer and Hunsberger found that people who scored high on the RWA scale tended 
also to score high on Religious Fundamentalism, as well as to be prejudiced in a variety of ways 
(Spilka et al., 2005).  Recently, researchers have taken a renewed interest in the connection 
between authoritarianism and prejudice (Altemeyer, 1988, 1998), finding evidence that right-
wing authoritarians, who strongly favor traditional values, are inclined to act aggressively toward 
out-groups, particularly gay men and lesbians, black people, and women (Whitley, 1999; 
Altemeyer, 1998).  It is a primary focus of this research to see if right-wing authoritarian church 
members are more inclined to have negative attitudes toward atheists. 
 
Openness to Experience 
 
 The personality dimension called openness to experience may add to our understanding 
of religious intolerance in individuals.  Openness to experience is one facet of the Big Five 
personality traits which are used to describe human personality.  Recent studies suggest that 
individuals who scored relatively high on openness to experience exhibited less prejudice 
according to self-report measures of explicit racial attitudes (Flynn, 2005) and was associated 
with less self-reported homophobia (Cullen et al., 2002).  A recent meta-analysis found that 
prejudice was predicted by openness to experience and agreeableness within the Big Five 
personality facets (Sibley & Duckitt, 2008).  Openness has shown a better predictor of RWA and 
the Social Dominance Orientation than has agreeableness (Sibley et al., 2010), which suggests 
more value to the current work regarding religious intolerance between groups.     
 
Atheists and Minority Politics  
 

A Newsweek poll suggested that sixty-two percent of respondents said they would not 
vote for a political candidate who admitted to being an atheist; only 29 percent said they would 
(Glazer, 2007).  This adheres to a definition of discrimination: treatment or consideration of, or 
making a distinction in favor of or against, a person or thing based on the group, class, or 
category to which that person or thing belongs rather than on individual merit.  As seen in the 
modern United States, minority political candidates are more likely to be elected into 
office than they were even 50 years ago.  Race, sex, and sexual orientation do not seem 
to play as large a factor as they once did.  The candidate’s religious views, however, play 
a most significant role in a voter’s decision. 
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Hypotheses 
 

Since Quest, RWA, and Openness have each suggested reliability in predicting prejudice 
and discrimination toward various groups, the measures should have predictive value in the 
current work of intolerance toward atheists.  Low quest, low openness to experience, and RWA 
should predict greater intolerance of atheists.  Because these scales have shown adequate 
predictors of intolerance, we hypothesize that these scores will predict a lesser likelihood of 
voting for an atheist and will predict attitudes that label atheists as evil and immoral.  These 
scores should also predict an unwillingness share a social life with an atheist. 
 
 Congruent with the above hypotheses, church goers might show significant anger toward 
an atheist being elected into office.  As a second study, a survey experiment will be used to 
assess secular group members’ anger toward a Christian fundamentalist being elected into office.  
Secular members also might feel angered by a Christian fundamentalist in office based on the 
above reasoning. 
 

Method   
 Study 1 

 
Participants 
 
 Participants were 52 (34 women and 18 men) attendees of various congregations in a 
northern Midwest community who voluntarily completed the surveys.  Participants were found 
by mailing local churches and asking for their participation in a study.  Pastors of these local 
churches were each sent an invitation along with a consent form (Appendix).  Willing leaders of 
the churches were then asked to invite their members to take surveys voluntarily.  Each pastor 
was directed to state a phrase similar to, “A student at St. Scholastica is doing a research project 
and is asking for our help. There is a questionnaire available in the atrium.  If you would like to 
complete this to help the student with his project, please feel free to pick a survey up.  You can 
return completed survey to the office.”  Thus, the voluntary participants filled out and returned 
the surveys at the church after the service. 
 
Materials and Procedures 
 
 The participants were measured on three different scales: openness to experience, right-
wing authoritarianism, and the quest scale.  The participants also indicated sex, race/ethnicity, 
age, and religious affiliation.  The openness to experience, quest, and RWA scales were first in 
order, followed by the list experiment and the attitudes toward atheism statements (Appendix). 
  

Openness to experience.  Participants completed a series of questions that associate to 
the openness to experience subsection of the NEO PI-R personality scale.  The openness to 
experience subscale, sometimes termed intellect or imagination, assessed the participants’ 
general openness to thorough reasoning and abstract ideas.  Examples of statements taken from 
the public domain to assess openness to experience are: “I have a vivid imagination” and “I 
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spend time reflecting on things.”  The responses were measured on a 1-5, Likert style response, 
ranging from strongly disagree to strongly agree. 

 
 Right-wing authoritarianism.  The right-wing authoritarianism scale was used as an 
assessment of the participants’ level of religiosity.  The re-conceptualization of right-wing 
authoritarianism, as proposed by Altemeyer (1981, 1988, and 1996) has confirmed that RWA 
may help us to understand the relatively high levels of prejudice found among religious persons 
(Spilka et al., 2005).  RWA is broken into three attitudinal and behavioral clusters: Authoritarian 
submission, authoritarian aggression, and conventionalism (Altemeyer, 1981).  Work by 
Altemeyer has confirmed that RWA may help us to understand the relatively high levels of 
prejudice found among religious persons.  The RWA scale taken by the participants was a 15-
item shortened version proposed by Zakrisson, which has been updated from the original RWA 
scale.  An example of a statement on the Zakrisson’s RWA scale is “Our country needs a 
powerful leader, in order to destroy the radical and immoral currents prevailing in society today.”  
Participants answered on a 1-5, Likert style response, ranging from “strongly disagree” to 
“agree”. 
 
 Quest scale.  Participants completed Batson’s 12-item revised Q scaled to measure the 
quest facet of religious orientation.  The quest orientation involves a questioning, open, flexible 
approach to religious issues, and it is theoretically associated with a tolerant, non-prejudiced 
view of the world (Spilka et al., 2005).  This was also assessed on a 1-5, Likert style response, 
ranging from strongly disagree to agree. 
 
 List experiment.  Participants were given the list experiment to assess political attitudes 
toward atheists.  The list experiment was an unobtrusive method where the control group was 
given a list of three, non-sensitive statements.  The experimental group was given the same three 
statements along with a fourth statement titled “an atheist being elected into office” (Appendix).  
The participants in each group were directed to indicate how many, but not specifically which, of 
the statements made them angry.  Presumably, the mean number of statements causing anger 
should be the same in both groups.  Any difference was attributed to the additional statement 
(Kuklinski et al., 1997; Streb et al., 2008). 
 
 Coin-flip method.  A seven-item questionnaire was completed by the participants that 
measured three facets of intolerance toward atheists: political intolerance, discriminating 
intolerance, and moral intolerance.  The survey consisted of statements meant to objectify the 
participants’ attitudes toward atheists (Appendix).  These questions were assessed in an 
agree/disagree format in conformity with the coin-flip method.  In the coin-flip method, which is 
designed to make participants more comfortable in answering personally intrusive questions, 
participants were directed to flip a coin before answering each question.  If the coin landed 
‘heads,’ the participant was directed to answer the statement honestly.  If the coin landed ‘tails,’ 
however, the participant was directed to simply answer that he or she agreed to the intolerance.  
Thus, half of the responses of the overall population for each statement should answer the less 
socially desirable answer via probability.  Any ‘agree’ answers over 50% are attributed to 
truthful answers of people whose coin landed ‘heads.’ 
 

 



 

The College of St. Scholastica 138  McNair Scholarly Review  

Study 2 
 
Participants 
 

Participants were 35 (9 women and 26 men) from a local secular organization.  
Participants were asked to participate in the survey at one of the monthly secular organization’s 
meetings.  Willing participants were given the informed consent document.   

  
Materials and Procedure 
 
 The materials and procedure were identical to that of STUDY 1 with adjustments only in 
the list experiment and coin-flip statements.  In the list experiment, the fourth anger statement in 
the experimental group, “an atheist being elected into office” was changed to “A Christian 
fundamentalist being elected into office.”  In the coin-flip method, the word ‘atheist’ was 
changed to ‘Christian fundamentalist’ in each question.  The method of re-wording the 
statements in STUDY 2 allowed obtaining the same measure from the ‘Christian’ sample as the 
‘secular’ sample by using the exact statements, only directed to the other group. 
 

Results 
 

Scales’ Consistency 
 

There was a significant correlation between Quest scores and Openness scores, r = +.441, 
n = 76, p < .01, two-tailed. There was a significant inverse correlation between Openness scores 
and RWA scores, r = -.478, n = 62, p < .01, two-tailed.  There was a significant inverse 
correlation between Quest scores and RWA scores, r = -.606, n = 59, p < .01, two-tailed. 

 
Self-report Scales between Religious and Non-religious Participants 
 

Freethinkers (M = 4.22) had significantly higher Openness scores than Christians (M = 
3.70), t(84) = -3.697, p < .01, r2 = .14.  Christians (M = 2.67) had significantly higher RWA 
scores than Freethinkers (M = 1.73), t(60) = 5.067, p < .01, r2 =.299. 
 
Denomination and Self-report Scales 
 

An analysis of variance showed that the effect of denomination was significant on 
Openness scores, F(12,63) = 2.194, p = .023.  An analysis of variance showed that the effect of 
denomination was significant on Quest scores, F(11,55) = 3.627, p = .001.  An analysis of 
variance showed that the effect of denomination was significant on RWA scores, F(10,43) = 
10.953, p = .000. 
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Attitudes toward the ‘Religious Other’ 
 
Church Members 
 
In the attitudes towards atheists section of the survey, RWA, OE, and Q were correlated with 
negative attitudes toward atheists. 
Q and negative attitudes – r = -.480, n = 51, p < .01, two-tailed. 
OE and negative attitudes – r = -.397, n = 46, p < .01, two-tailed. 
RWA and negative attitudes – r = +.423, n = 38, p < .01, two-tailed. 
 
Secular Group Members 
 
In the attitudes toward Christian fundamentalists section of the survey, RWA, OE, and Q were 
not significantly correlated with negative attitudes toward Christian fundamentalists. 
 

List experiment 
The secular experimental group (M = 2.38) had significantly higher anger scores than the secular 
control group (M = 1.50), t(27) = -2.563, p < .05, r2 = .196.  However, in the church group, the 
experimental group (M = 1.85) did not have significantly higher anger scores than the control 
group (M = 2.29), t(39) = -1.82, p > .05 (non-sig). 
  

Discussion 
 

The data showed significant correlations between the three scales.  Participants with low 
scores on the Openness scale also tended to have low scores on the Quest dimension, with higher 
scores on the Right-Wing Authoritarianism scale.  Conversely, participants who had lower scores 
on the RWA measure tended to score higher on Openness and Quest.  These findings show 
strong relationships between the scales, while lending support to the idea that a person holding 
Right-Wing Authoritarian values is less likely to be open to new experiences and is less likely to 
have a questioning approach to religion.   

 
 The second set of analyses compared the average scores on each of the three measures 
between the secular group and the Christian group.  The secular group members tended to be 
more open to experience than Christians.  Christians tended to score higher than freethinkers on 
the RWA scale, which is also congruent with our hypothesis.  One interesting finding is that the 
secular and Christian groups did not have significantly different scores on the 12-item quest 
scale.  One might infer that this shows that secularists and Christians have a similar approach to 
exploring religion regardless of their religious or non-religious affiliation with a group.  Another 
interpretation is that the Quest scale does not adequately measure the non-religious population.  
The statements on the Q-scale similar to, “God wasn’t important to me until I began to ask 
questions about the meaning of my own life” may have been difficult for non-religious 
participants to answer because God may never have been important.  Therefore the statement 
would not apply to that participant.  “For me, doubting is an important part of what it means to 
be religious” also might not apply to a person who is not religious.  The findings suggest the 
need for development of an orientation scale more inclusive of the non-religious than is the Q-
scale. 
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  The results for our study that compared Christians’ attitudes toward atheists and 
seculars’ attitudes toward Christian fundamentalists may be misleading.  We chose the wording 
as such because of the reasoning that the terms atheist and religious fundamentalist held opposite 
meanings, one claiming that there is not God, and one claiming that God is the center of life.  We 
thought it reasonable to assume that the exact opposite of an atheist would be a fundamental 
religious person.  Upon further reflection, the terms “fundamental Christian” and “atheist” may 
not be opposites of the same spectrum, and may have skewed the results.  Again, this may have 
been simplified if the questions pertained to god belief.  For example, “Would you vote for a 
presidential candidate who does not believe in God?”  Another option would be to use the term 
“Christian” rather than “fundamentalist Christian” to appear less threatening to the secular group 
from whom we sampled. 
 
 In the list experiment the secular group showed significant anger toward a Christian 
fundamentalist being elected into office, while the church member group did not show 
significant anger toward an atheist being elected into office.  This is counter-intuitive to the 
existing literature and our hypotheses.  It is possible that the list experiment’s wording skewed 
the results.  To be clear, the results can only be generalized to the church members’ attitudes 
toward an atheist elected into office and the secular group members’ attitudes toward a Christian 
fundamentalist being elected into office.  It would be most interesting to duplicate this list 
experiment and simply find secular group members’ attitudes toward Christians as opposed to 
Christian fundamentalists. 
 
 One of the most difficult problems when studying the atheist population is that people 
disclosing themselves as atheists are difficult to locate.  Participants from the local secular group 
we sampled disclosed their personal belief as agnostic, atheist, secular humanist, freethinker, 
etc., and sometimes even circled a combination of those choices.  It would have been very 
beneficial to have a simple question in the background information section of the surveys that 
simply asked, “Do you believe in God?” with yes/no as possible answers.  In this way, a standard 
could be set for the idea behind atheism with little confusion in research. 
 

The current study contained methodological errors.  The coin-flip method to gauge 
attitudes toward atheists has not been validated, as this is the first time it has been used in an 
intolerance study.  The coin-flip method might have confused participants.  Also, a significant 
amount of data must be questioned as some participants stated they did not do the coin-flip 
method as directed, but simply circled their true opinions on each statement about atheists.  
There were multiple participants who circled “disagree” for every statement on the list, which is 
highly unlikely due to randomness.  Participants may not have felt comfortable circling that they 
are intolerant of atheists due to social desirability effects; this may have affected the results.  The 
coin-flip method is used more often to gain an understanding of a collective group, rather than 
individual results. 

 
Most existing literature regarding attitudes toward atheists is devoted to how likely an 

atheist is to be elected into office, which is only a minor facet of the intolerance.  Intolerance is 
displayed in many ways.  It would be interesting if further research could answer both the type of 
intolerance existing (political, personal, group), and why the intolerance exists.  What is it about 
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an atheist that threatens a believer?  Certainly, a disagreement about beliefs doesn’t necessitate 
prejudice or outright discrimination. 

 
 The current study suggested that atheists were just as intolerant of Christian 
fundamentalists as Christians were of atheists.  Since other research suggested that the 
suppression of the atheist minority causes them to feel inferior and angry (Goodman & Mueller, 
2009), we wonder if the intolerance toward Christians is some variation of retaliation toward the 
majority.  Though this is a vague assumption, future research might locate the more harmful 
types of prejudice or actual discrimination atheists face that causes them to be angered. 
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APPENDICES 
 

SURVEY 
 
Please fill in the appropriate circle for each of the following questions. 
 
What is your gender?   

o Male 

o Female 
 
What is your age?  

o 18-29 

o 30-39 

o 40-49 

o 50-59 

o 60-69 

o 70-79 

o 80-89 

o 90+ 
 
 

What is your race/ethnicity?  

o African American 

o Asian American 

o Caucasian 

o Eastern Indian 

o Hispanic American 

o Native American 

o Other (please specify __________) 

o Choose not to respond 

 
What denomination do you belong to?   

o Christian Baptist 

o Christian Methodist 

o Christian Lutheran 

o Christian Catholic 

o Other Religion (please specify __________) 

o Atheist 

o Agnostic 

o Humanist 

o Freethinker 

o Other 

o Choose not to respond 
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Please rate the following statements by filling in the corresponding number. 
 
 

1. I have a rich vocabulary.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

2. I have a vivid imagination.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

3. I have excellent ideas.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

4. I am quick to understand things.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

5. I use difficult words.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

6. I spend time reflecting on things.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

7. I am full of ideas.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

8. I have difficulty understanding abstract ideas.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

9. I am not interested in abstract ideas.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

10. I do not have a good imagination.  
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 

 



 

The College of St. Scholastica 145  McNair Scholarly Review  

Indicate how much you agree or disagree with the following statements by circling the 
corresponding number that is closest to your view. 
 

1. I was not very interested in religion until I began to ask questions about the meaning and 
purpose of my life. 

 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

2. I have been driven to ask religious questions out of a growing awareness of the tensions 
in my world and in my relation to the world. 

 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

3. My life experiences have led me to rethink my religious convicitions. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 

 
4. God wasn’t very important to me until I began to ask questions about the meaning of my 

own life. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

5. It might be said that I value my religious doubts and uncertainties. 
  Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

6. For me, doubting is an important part of what it means to be religious. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

7. I find religious doubts upsetting. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

8. Questions are far more central to my religious experience than are answers. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

9. As I grow and change, I expect my religion also to grow and change. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

10. I am constantly questioning my religious beliefs. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

11. I do not expect my religious convictions to change in the next few years. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

12. There are many religious issues on which my views are still changing. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
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Indicate how much you agree or disagree with the following statements by circling the 
corresponding number that is closest to your view. 

 
 

1. Our country needs a powerful leader, in order to destroy the radical and immoral currents 
prevailing in society today. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
2. Our country needs free thinkers, who will have the courage to stand up against traditional 
ways, even if this upsets many people. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
3. The ‘‘old-fashioned ways’’ and ‘‘old-fashioned values’’ still show the best way to live. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
4. Our society would be better off if we showed tolerance and understanding for untraditional 
values and opinions. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
5. God’s laws about abortion, pornography and marriage must be strictly followed before it is too 
late, violations must be punished. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
6. The society needs to show openness towards people thinking differently, rather than a strong 
leader, the world is not particularly evil or dangerous. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
7. It would be best if newspapers were censored so that people would not be able to get hold of 
destructive and disgusting material. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
8. Many good people challenge the state, criticize the church and ignore ‘‘the normal way of 
living’’. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
9. Our forefathers ought to be honored more for the way they have built our society. At the same 
time, we ought to put an end to those forces destroying it. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
10. People ought to put less attention to the Bible and religion, instead they ought to develop 
their own moral standards. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
11. There are many radical, immoral people trying to ruin things; the society ought to stop them. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
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12. It is better to accept bad literature than to censor it. 
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 

 
13. Facts show that we have to be harder against crime and sexual immorality, in order to uphold 
law and order. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
14. The situation in the society of today would be improved if troublemakers were treated with 
reason and humanity. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
15. If the society so wants, it is the duty of every true citizen to help eliminate the evil that 
poisons our country from within. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
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How many of the following situations make you angry or upset?  Please do not specify which 
situations upset you; instead, write only how many upset you (0, 1, 2, or 3) in the space provided. 
 
 
(a)  "the federal government increasing the tax on gasoline;"  
(b)  "professional athletes getting million-dollar salaries;" 
(c)  "large corporations polluting the environment” 
 
 
How many of the above situations make you upset or angry:  ________ 
 
 
 
 
 
 
Directions:  For each of the following 7 questions, take a two-sided coin and flip it once.  Make a 
mental note whether the coin lands on heads or tails. If the coin lands on heads, you must answer 
that particular question honestly, the way you truly feel about the statement.  If the coin lands on 
tails, however, circle “agree,” even if your actual opinion is “disagree.”  The coin should be 
flipped once for each question.  In doing the coin flip method, you can be more comfortable in 
answering questions, since no one will be able to tell if your “agree” answer was your true 
opinion or just due to the coin coming up that way by chance.   
 
AGREE / DISAGREE I would never vote for a fundamentalist Christian president. 
AGREE / DISAGREE Biblical Literalists are evil. 
AGREE / DISAGREE If I had or already have children, I would not want my 

son/daughter to marry a fundamentalist Christian. 
AGREE / DISAGREE Fundamentalist Christians should not be considered citizens of the 

US. 
AGREE / DISAGREE I would not spend time talking to a biblical literalist about their 

beliefs. 
AGREE / DISAGREE Christian fundamentalists do not have the capability to reason 

morally. 
AGREE / DISAGREE Christian fundamentalists cannot be good role model 
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SURVEY 
 
Please fill in the appropriate circle for each of the following questions. 
 
What is your gender?   

o Male 

o Female 
 
What is your age?  

o 18-29 

o 30-39 

o 40-49 

o 50-59 

o 60-69 

o 70-79 

o 80-89 

o 90+ 
 

What is your race/ethnicity?  

o African American 

o Asian American 

o Caucasian 

o Eastern Indian 

o Hispanic American 

o Native American 

o Other (please specify __________) 

o Choose not to respond 
 

What denomination do you belong to?   

o Baptist 

o Methodist 

o Lutheran 

o Catholic 

o Other (please specify __________) 

o Choose not to respond 
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Please rate the following statements by filling in the corresponding number. 
 
 

11. I have a rich vocabulary.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

12. I have a vivid imagination.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

13. I have excellent ideas.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

14. I am quick to understand things.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

15. I use difficult words.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

16. I spend time reflecting on things.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

17. I am full of ideas.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

18. I have difficulty understanding abstract ideas.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

19. I am not interested in abstract ideas.  
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

20. I do not have a good imagination.  
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
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Indicate how much you agree or disagree with the following statements by circling the 
corresponding number that is closest to your view. 
 

13. I was not very interested in religion until I began to ask questions about the meaning and 
purpose of my life. 

 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

14. I have been driven to ask religious questions out of a growing awareness of the tensions 
in my world and in my relation to the world. 

 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

15. My life experiences have led me to rethink my religious convicitions. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 

 
16. God wasn’t very important to me until I began to ask questions about the meaning of my 

own life. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

17. It might be said that I value my religious doubts and uncertainties. 
  Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

18. For me, doubting is an important part of what it means to be religious. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

19. I find religious doubts upsetting. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

20. Questions are far more central to my religious experience than are answers. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

21. As I grow and change, I expect my religion also to grow and change. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

22. I am constantly questioning my religious beliefs. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

23. I do not expect my religious convictions to change in the next few years. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 

24. There are many religious issues on which my views are still changing. 
 Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
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Indicate how much you agree or disagree with the following statements by circling the 
corresponding number that is closest to your view. 

 
 

1. Our country needs a powerful leader, in order to destroy the radical and immoral currents 
prevailing in society today. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
2. Our country needs free thinkers, who will have the courage to stand up against traditional 
ways, even if this upsets many people. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
3. The ‘‘old-fashioned ways’’ and ‘‘old-fashioned values’’ still show the best way to live. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
4. Our society would be better off if we showed tolerance and understanding for untraditional 
values and opinions. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
5. God’s laws about abortion, pornography and marriage must be strictly followed before it is too 
late, violations must be punished. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
6. The society needs to show openness towards people thinking differently, rather than a strong 
leader, the world is not particularly evil or dangerous. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
7. It would be best if newspapers were censored so that people would not be able to get hold of 
destructive and disgusting material. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
8. Many good people challenge the state, criticize the church and ignore ‘‘the normal way of 
living’’. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
9. Our forefathers ought to be honored more for the way they have built our society. At the same 
time, we ought to put an end to those forces destroying it. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
10. People ought to put less attention to the Bible and religion, instead they ought to develop 
their own moral standards. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
11. There are many radical, immoral people trying to ruin things; the society ought to stop them. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
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12. It is better to accept bad literature than to censor it. 
Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 

 
13. Facts show that we have to be harder against crime and sexual immorality, in order to uphold 
law and order. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
14. The situation in the society of today would be improved if troublemakers were treated with 
reason and humanity. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
 
15. If the society so wants, it is the duty of every true citizen to help eliminate the evil that 
poisons our country from within. 

Strongly Disagree    (1)   (2)   (3)   (4)   (5)     Strongly Agree 
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How many of the following situations make you angry or upset?  Please do not specify which 
situations upset you; instead, write only how many upset you (0, 1, 2, 3, or 4)  in the space 
provided. 
 
 
(a)  "the federal government increasing the tax on gasoline;"  
(b)  "professional athletes getting million-dollar salaries;" 
(c)  "large corporations polluting the environment” 
(d)  “an atheist being elected into office” 
 
 
How many of the above situations make you upset or angry:  ________ 
 
 
 
 
 
 
Directions:  For each of the following 7 questions, take a two-sided coin and flip it once.  Make a 
mental note whether the coin lands on heads or tails. If the coin lands on heads, you must answer 
that particular question honestly, the way you truly feel about the statement.  If the coin lands on 
tails, however, circle “agree,” even if your actual opinion is “disagree.”  The coin should be 
flipped once for each question.  In doing the coin flip method, you can be more comfortable in 
answering questions, since no one will be able to tell if your “agree” answer was your true 
opinion or just due to the coin coming up that way by chance.   
 
AGREE / DISAGREE I would never vote for an atheist president. 
AGREE / DISAGREE Atheists are evil. 
AGREE / DISAGREE If I had or already have children, I would not want my 

son/daughter to marry an atheist. 
AGREE / DISAGREE Atheists should not be considered citizens of the US. 
AGREE / DISAGREE I would not spend time talking to an atheist about their beliefs. 
AGREE / DISAGREE Atheists do not have the capability to reason morally. 
AGREE / DISAGREE Atheists cannot be good role models 
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ABSTRACT 
 

This research explored the relationship between incoming first-year college women and 
their mothers. Orbach (2008) observed that today’s adolescent females have expansive life plans 
and personal strengths that previous generations of women lacked.  But some have insecurities 
of self stemming from their relationships with their mothers that may prevent them from 
achieving their dreams.  The purpose of the present study was to look at the strengths and 
insecurities of young women and how these may be related to their relationships with their 
mothers.   Forty-four females between 18 and 20 years old, starting college in 2010, completed 
an online survey.  Findings indicated participants’ self-esteem ranged from low to high.  
Participants who scored as more androgynous had higher self-esteem scores.  Low self-esteem 
was related to mothers’ possessive, jealous, and separation anxiety behaviors toward daughters.  
Daughters most satisfied with relationships with their mothers perceived higher levels of 
cohesive, close-caregiving behaviors and lower levels of intrusive behaviors from their mothers. 
 
Introduction and Literature Review 
 

This study is largely based on an article by Orbach (2008), therapist and theorist,  who 
contends that today’s adolescent females have expansive dreams about their future lives (e.g. 
family life, careers) and have some personal strengths earlier cohorts of women lacked. Yet, the 
young women have deficits of self, stemming from their relationship with their mothers that 
contribute to feelings of inferiority that may prevent them from pursuing their dreams. Orbach 
proposed that young women today have breeched the barriers that feminists of their mother’s 
generations were facing via three social dynamics: a) “managing difference,” or being able to 
maintain differentiation from their peers while still being able to empathize through compassion 
and not a need to match experiences; b) “challenging a viewpoint without being seen as deserting 
or abandoning,” explained by Orbach as the ability to blatantly state to a friend when there is an 
issue in their relationship, instead of ignoring the problem or allowing the friendship to become 
strained; and c) “relating out of compassion rather than identification,” very much like item a., 
building their friendships and relationships off of compassion and not sameness (p. 222-223). 
Orbach explains that the young women have assertive and decisive qualities while still managing 
their compassionate ‘feminine’ sides when their friends are in need. According to Suhrer-
Roussel (1991), these qualities combined create the category of being ‘androgynous,’ or having 
both traditional male and traditional female sex-traits (Bem, 1981) which is desirable for well-
roundedness.  
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 One of the hinges to Orbach’s observations is that despite the confidence in their future 
and friendships due to this different “self,” these young women have struggling self-images of 
them internally. Orbach describes the insecurities as manifesting themselves through destructive 
behaviors such as binge drinking, sexual behavior that stems from needing to be accepted, and 
body-hating attitudes and behavior. While their beliefs about their external environment are 
optimistic and empowered, their insecure beliefs of their internal self create an inferiorized sense 
of self. This leads these young women to possibly care less about their internal selves and not set 
appropriate boundaries for their bodies and engaging in the destructive behaviors that Orbach 
observes. When explaining the struggles of daughters then and daughters now, Orbach keenly 
observes deep rooted insecurities about their bodies and expectations for themselves for their 
future. In this way, today’s young women are similar to those of past generations.  
 

Through her practice, Orbach sees adolescent women who are struggling with their self-
images which she relates to their mothers’ behaviors and attitudes towards them. Historically, 
enmeshment type behaviors, such as the dissolution of the parent-child boundary, between the 
mother and daughter created unhealthy and damaging relationships. When the feminist-
movement era cohort became mothers, they tried vigorously to break the cycle of enmeshment 
and be different mothers than their own. Now, when their daughters are seeking closeness, the 
mothers are having difficulties finding a forgiving middle ground between inviting enmeshment 
like their own mothers and rebuffing their daughters’ needs for nurture.  

 
 Orbach has both critics and supporters. McRobbie (2008), with a doctorate in 
communication and no clinical background, argues against Orbach, claiming that brushing off 
traditional femininity is dangerous for the society, explaining that without mothers teaching their 
daughters the role of traditional women (that is, household duties and care giving roles) this new 
empowered practice might disrupt the entire social order, including the roles of males and 
masculinity. McRobbie also offers her opinion to debunk the idea that more sexual and 
relationship freedom among young women is empowering and uses her own experience as a teen 
to disprove the idea that the concept of body-hate was also in existence during her own 
adolescence (p. 243). Her conclusion is that Orbach does not have enough sociological analysis 
to tackle the territory and admits she is not as optimistic about the future of these women as is 
Orbach.  
 

Hadley (2008), a clinician offering her response, agrees with much of what Orbach 
observed. She agrees that there are many factors that have changed the way young women are 
today compared to their mother’s generation, but she indicates that she feels that the reasons are 
more along the lines of increased social responsibility, like getting a job as a teen, caring for 
siblings, and spending time alone while their parents were at work, instead of a blossoming 
world of positive opportunities for fulfillment, as Orbach seems to suggest (p. 234). Her 
resounding theme throughout her response points out that while there are new thoughts of 
femininity in the Millennial generation, the complexities and aggression that is found in the 
structure of their social scenes overwhelms the idea that young women are preoccupied with 
finding satisfaction in their new, opportunistic world.  
 

Orbach (2008), McRobbie (2008), and Hadley (2008) offer interesting commentary about 
today’s young women, but their ideas have not been tested through research.  They suggest 
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several ideas worthy of further study.  While all three agree that the daughters were optimistic 
about their opportunities, it is difficult to say whether or not there is a sense of “self” that has 
emerged differently due to being more feminist or more traditional.  This invited the idea about 
whether or not a more feminist mother might have an influence on the self-image of the 
daughter, as well as allowing the opportunity for closeness or provoke intrusive behaviors in the 
relationship. 
 

The majority of the research done about the mother-daughter dyad includes 
developmental disabilities, dementia, addiction, or has been narrowed down to a particular 
ethnicity.  Some of the previous studies done examine young women and their relationships with 
their mothers by looking at factors such as attachment (Kilmann, 2009; Palladino & Blustein, 
1994), or any sort of life transitions (e.g. marriage, pregnancy) (Fischer, 1981).  Other 
researchers have looked at the connection between the daughter’s self-esteem and their 
relationship with their mother. In this research, the Rosenberg Self-Esteem Scale is used.  

 
Self-esteem in the context of adolescent is not a new one. Bachman and O’Malley (1986) 

looked at self-esteem using the Rosenberg Self-Esteem Scale between first-year high-school 
male students and their current academic ability and again two years later to see if there were any 
correlation between grades and self-esteem. They found no significant correlation between those 
particular factors. Kling et.al. (1999) took a different approach, also using the Rosenberg Self-
Esteem as one of their measures, to look at the differences in gender and age and found that the 
most effected age for vulnerability due to self-esteem was in late adolescence, just immediately 
prior to the age of the first-year college females who were surveyed in this study. Kling also 
found that when measured, males indicated higher self-esteem than did females, which is 
discussed as potentially being unconsciously engraved into societal norms and having possible 
detriments to the development of adolescent girls. Using the hypothesis that young women of 
today’s society have optimistic thoughts about their future, it is important to address what kind of 
impact self-esteem might have on their sense of self and the consequent bearing a high or low 
sense of self would have on their beliefs of future success and possibilities.  

 
Orbach suggested that mothers are the role models for how young women will shape their 

sense of self, through self-esteem and role concepts. Sholomskas and Axelrod (1986) found that 
in the mother’s direct roles that she, herself had assumed throughout the daughter’s youth did not 
directly influence the choices of the daughter. Instead the messages the daughter perceived from 
her mother influenced her role decisions in the future. Furthermore, they found that there was 
more satisfaction in the relationship when the relationship was perceived as “loving and 
accepting,” as opposed to hostility and high psychological control. These findings directly mirror 
what is hypothesized in the current study, except instead of children the daughters responding are 
young adults.  

 
 Gross and McCallum (2000) studied the mother-daughter relationship, using self-esteem, 
academic competence, and synchrony as their additional factors. Synchrony was defined as the 
quality and quantity of communication, support, and harmony within the dyad. Results found 
that self-esteem and academic competence yielded the best synchrony, though in their discussion 
they explored the possibility of reversing that and using higher levels of synchrony to predict 
higher-self esteem and academic competence. However, the measure they used for their study 
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was developed particularly for the study, the Mother-Daughter Synchrony Scale, and as of their 
publication the scale had not yet been tested for reliability.  
 
 The purpose of this research is to get a sense of the daughter’s perceptions of her “self” 
and its correlation with the mother-daughter relationship. It is predicted that as a group, the 
daughters will be optimistic about their future possibilities; high self-esteem will positively 
correlate with high scores for closeness/caregiving in their relationships with their 
mothers(Werner & Green, 1996) and negatively correlate with high scores for intrusiveness (as 
measured by the CIFA); if the daughter perceives the mother as more traditional around the 
household, then the daughter will score higher on the traditionally feminine scale on the Bem 
(1981), if the household was more egalitarian, then the daughter will score higher on the 
androgynous scale; and high scores of closeness/caregiving will positively correlate with high 
satisfaction and equity, high scores of intrusiveness will negatively correlate with low 
satisfaction and equity. 
 
Method 
 
Participants 
 

Participants of this study were 44 unmarried females starting college in fall 2010 between 
the ages of 18 and 20 years (M = 18.2, SD = .48).  Ninety-two percent were Caucasian, 4.17% 
Native American, and 4.17% Asian American. Participants were recruited from a small private 
college in the upper Midwest using a blast email to their home email addresses. 
 
Materials 
 

Questions were asked in the form of a self-report survey that was administered online. 
Open ended questions about their predicted future selves and their relationships with their 
mothers accompanied several measures that examined self esteem, the daughters’ perceptions of 
the mother-daughter relationship, and daughters’ perceptions regarding equity, satisfaction, 
influences from the household. 
 

Self esteem.  Self esteem was defined as the score on the Rosenberg Self-Esteem Scale 
(Rosenberg, 1965). It is a widely used; ten item survey that asks the participant about their 
believed self-worth and self-satisfaction. Daughters rated their own selves on a Likert scale from 
“Strongly Agree” to “Strongly Disagree.” 

 
Daughter’s perception of the mother-daughter relationship.  The California Inventory 

for Family Assessment (Werner & Green, 1996) is a one-hundred-and-eighty-two item survey 
that was used to assess the closeness/caregiving and intrusiveness of the mother-daughter 
relationship as perceived by the daughter.  In this study, daughters responded to the version that 
assesses the daughter’s perceptions of the mother and their relationship.  

 
Sex role.  The Bem Sex Role Inventory (Bem, 1981) has two forms, the short version and 

the original version. The original is a sixty item assessment and the short is a thirty item 
assessment. In this study, daughters were asked to complete the short form. Each item is a 
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quality about which the daughter rated herself (i.e. sly or malicious) that is then scored on a 
seven level Likert scale ranging from “Never or almost never true” to “Always or almost always 
true.” These scores were looked at as a measure of traditional sex roles and androgyny. 

 
Satisfaction.  Daughters responded to a question about perceived satisfaction with their 

relationship with their mothers. The satisfaction measure is a five-level Likert that asks “Please 
rate your satisfaction with your relationship with your mother/daughter as it is today” and ratings 
range from “Very Satisfied” to “Very Unsatisfied.”  

 
Global measure of equity.  Equity was measured through the Hatfield’s Global Measure 

of Equity (Aumberg, Hatfield, & Frey, 2007), which assesses the daughter’s perception of equity 
in her relationship with her mother. This measure was found by Aumberg, Hatfield, and Frey to 
have satisfactory ratings of both validity and reliability (2007). The daughters were asked 
“Considering what you put into and get out of your relationship with your mother compared to 
what your mother puts into and gets out of it, how would you say your relationship 'stacks up'?” 
and were given a list of seven responses from which to choose. Responses included: 

 
1.  I am getting a much better deal than my mother/daughter.  
2.  I am getting a somewhat better deal.  
3.  I am getting a slightly better deal.  
4.  We are both getting an equal deal.  
5.  My mother/daughter is getting a slightly better deal.  
6.  My mother/daughter is getting a somewhat better deal.  
7.  My mother/daughter is getting a much better deal than I am.  

 
 Household influences.  In addition to these measures, daughters were asked to reflect 
upon the household in which they grew up, or spent the most time, and respond to their 
perceived ideas of how household duties were divided between the mother and/or her partner, or 
the single-parent in the household. The daughters were then asked to imagine their own 
households in the future and indicate who would carry out the tasks (i.e. cooking, vehicle 
maintenance, financial responsibilities), them and/or their partners.  This measure was designed 
by the researchers. 
 
Procedure  
 

Participants were recruited from the admissions list of incoming 2010-2011 first-year 
women at a small, private college in the upper Midwest. A survey was constructed through the 
survey-creation website QuestionPro.com. A link to the survey was sent by the Admission’s 
department to the participant’s home e-mail address, with a message explaining the purpose of 
the survey. A reminder e-mail was sent out to the entire potential participant pool two weeks 
after the initial e-mail was sent. The responses gathered were anonymous, though daughters did 
have the chance to enter their e-mail or phone number for the chance to win a $25 gift certificate. 
If the participants were interested and willing to be contacted in the future about ongoing 
mother-daughter research, there was space provided to put in minimal contact information, first 
initial, middle initial and last name. 
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After all the surveys were gathered, the quantitative data was entered into SPSS. 
Qualitative data from the open-ended questions were gathered and analyzed through content 
analyses.  

 
Results 
 

The researchers developed eight hypotheses for this study.  The first hypothesis stated 
that as a group, the daughters will be optimistic about their future opportunities but their self-
esteem will range from high to low.  All 44 respondents expressed optimism about their lives 10 
years in the future.  Self-esteem scores ranged from 13 to 27, (M = 20.6, SD =3.1).  
 

Hypothesis two stated that the daughter’s self esteem scores will positively correlate with 
factors indicating cohesive, close-caregiving relationships with their mothers. None of the 
correlations between self-esteem and factors indicating cohesive, close-caregiving were 
statistically significant (See Table 1).   

 
The third hypothesis stated that the daughter’s self esteem scores will negatively correlate 

with factors indicating intrusiveness in their relationships with their mothers.  Self-esteem was 
found to have a statistically significant negative correlation with factors indicating intrusiveness 
(Separation Anxiety and Possessiveness-Jealousy) (See Table 1). 

 
Hypothesis four stated that if the daughter perceives the mother as engaging in traditional 

household tasks, then the daughter will score higher on the traditionally feminine scale; if the 
distribution of tasks in the household where the daughter spent the most time growing up is 
perceived as more egalitarian, the daughter will score higher on the androgynous scale.  The 
correlation between scores for the mother engaging in traditional household tasks and the 
daughters' scores on the traditionally feminine scale was not significant, r(42) = -.135, p > .05, 
nor was the correlation between scores indicating an egalitarian distribution of tasks and 
daughters' androgyny scores, r(42) = -.070, p > .05.  

 
The fifth hypothesis stated that the daughters' self-esteem will positively correlate with 

their androgyny scores. A statistically significant correlation was found between self-esteem and 
androgyny, r(42) = .411, p < .01.   

 
Hypothesis six stated that the daughters with more cohesive, close-caregiving 

relationships with their mothers will report higher levels of satisfaction and perceived equity in 
their relationships with their mothers than daughters with less cohesive, close-caregiving 
relationships.  Statistically significant correlations were found between satisfaction and factors 
indicating cohesive, close-caregiving relationships, but correlations between these factors and 
equity were not statistically significant (see Table 1). 

 
The seventh hypothesis stated that the daughters with higher levels of intrusiveness in 

their relationships with their mothers will report lower levels of satisfaction and perceived equity 
in their relationships with their mothers than daughters with lower levels of intrusiveness in their 
relationships. There were statistically significant negative correlations between satisfaction and 
one factor indicating intrusiveness (Possessiveness-Jealousy).  There were statistically significant 
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negative correlations between equity and factors indicating intrusiveness (Separation Anxiety 
and Possessiveness-Jealousy) (See Table 1).   

 
The eighth hypothesis stated that the daughter’s perceptions of the division of household 

tasks in the household in which she spent the most time growing up will positively correlate with 
the division of household tasks in her future household.  A statistically significant correlation 
was found between these variables, r(42) = .321, p < .05.  

 

 
 
Discussion 
 

This study was designed largely from the ideas and themes that were discussed in 
Orbach’s observations from her practice and personal life (Orbach, 2008). By examining the 
daughter’s perceptions of her relationships with her mother, one sees how that relationship 
reflects upon the daughter’s self-image. The link between the mother-daughter relationship and 
the daughter’s self-image not only explains Orbach’s concern about the ongoing struggles of 
intrusiveness and the difficulties of finding the healthy relationship needed to assist daughters in 
building the internal confidence they need to respect their own selves, but also to achieve the 
goals the daughters have set for themselves to become the optimistic future women they have 
envisioned. 

 
Optimism about the future.  In response to the open-ended question regarding where 

they saw themselves in the future, each daughter responded positively, as predicted.  Every 
participant answered with at least part of her answer stating she would be in a successful career, 
while a majority also included having a family as part of her future. Several daughters also 
specifically included statements they would have happiness in their futures.  

 
Self-esteem and self-image.  Participants’ self-esteem ranged from low to high.  

Moreover, participants who scored as more androgynous had higher self-esteem scores. Thus, it 
appears that at least a portion of the participants have the skill set Orbach (2008) contends young 
women need to achieve their dreams for the future and avoid destructive behaviors.   

  



 

The College of St. Scholastica 162  McNair Scholarly Review  

Findings support Orbach’s (2008) concerns that there are aspects of the daughter and 
mother relationship that interfere with a daughter’s development of a healthy sense of self.  

   
Self-esteem and the mother-daughter relationship. There was no correlation between 

daughters’ self-esteem and high levels of cohesive, closeness/caregiving behaviors. However, 
high levels of self esteem were significantly correlated with the absence of separation anxiety as 
well as possessive and jealous behaviors.  This appears to show that mothers do not have to be 
perfect; they just have to avoid the qualities that would foster an unhealthy relationship.  

 
Mothers as role models.   Orbach (2008) suggested young women learn their gender 

roles by watching their mothers. This was supported in the positive correlation between the 
division of household tasks in which participants grew up and their perceptions of their own 
future households.  Daughters plan to establish households similar to the ones in which they 
grew up.  That there was not a relationship between daughters’ perceptions of division of 
household tasks in the homes in which they grew up as traditional or egalitarian and their 
traditionally feminine or androgynous characteristics suggests that observing household tasks 
does not influence a young woman’s personality characteristics.  

  
One limitation of this study was the time of year when the survey was sent; the daughters 

might have been busy in August with the necessary preparations for getting ready for college. 
Another limitation was using an online survey, as some daughters might not have had access to 
their e-mails and thus would not have had a chance to respond before the allotted time was over. 
For future research, sending out the research with more time in the summer and more time 
between the initial e-mail and the reminder e-mail might bring in more participants because they 
are not limited by their time.  

 
Conclusion 
 

Many people can benefit from the findings of this study. Daughters and mothers alike can 
learn from the data and learn what kind of things might weaken or strengthen their relationship. 
Mothers especially can see how the extremes of enmeshment and lack of nurture can affect the 
daughter’s self image, which is crucial to how she develops the confidence and self-respect 
needed to fulfill her dreams and goals.  
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