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FROM THE CO-EDITOR-IN-CHIEFS:

Florida Atlantic University is a distinguished institution which encourages its students to get involved in research 
across all academic fields. Through this opportunity undergraduate students are able to apply their creative minds 
and pursue innovative ideas. We are proud to present a handful of inspiring projects in this edition of the Florida 
Atlantic Undergraduate Research Journal (FAURJ) and we thank all students who submitted their work. We com-
mend your involvement in research and wish you all the best in your careers.

We would also like to recognize the numerous volunteer faculty, graduate, and undergraduate reviewers who 
helped make this journal possible. We sincerely thank you for your service and support. We would also like to 
thank Florida Atlantic University’s Office of Undergraduate Research and Inquiry, Florida Atlantic University Li-
brary and the Council of Student Organizations, a program of Florida Atlantic University’s Student Government, 
as well as student government for their support. 

The FAURJ is brought to you by the Council for Scholarship and Inquiry (C.S.I.), a registered student organization 
at Florida Atlantic University. The FAURJ is an interdisciplinary, peer-reviewed journal that is published annually. 
FAURJ is published online as well as in print and its mission is to showcase high quality undergraduate research 
in all fields, supply undergraduates with an idea of the standard of research, and promote inquiry-based activities 
at Florida Atlantic University. 

C.S.I. promotes undergraduate involvement and leadership in inquiry and scholarship. The purpose of the orga-
nization is to promote and foster a culture of research at Florida Atlantic University and to provide students with 
opportunities to become immersed in this culture. Focused at the undergraduate level, but encompassing graduate 
students, opportunities sponsored by C.S.I. include the establishment and maintenance of this journal, workshops 
that entail the process of research, peer mentoring, and peer advising. C.S.I. aims to help students gain access to 
Florida Atlantic Universities great existing resources as well as create new ones.

We hope you enjoy the FAURJ!

Sincerely, 

Arafat Bari & Nikolle Lambrinos 



Edgard Barbosa
BFA Graphic Design

Understanding what research means is the first step to 
become a better researcher. As fundamental as it may be,  
researchers cannot move forward if they don’t understand 
what they are doing. In my research to develop an visual 
representation of what research is, it was clear that the cover 
should symbolize that first step of understanding. 

My research led me to many definitions. Merriam-Webster 
dictionary defines it as “ studious inquiry or examination; 
especially :  investigation or experimentation aimed at the 
discovery and interpretation of facts, revision of accepted 
theories or laws in the light of new facts, or practical 
application of such new or revised theories or laws”. Most 
definitions were like this one, which research is defined as a 
highly abstract, intellectual process of questioning that seeks 
evidence in the world of its validity.

I found inspiration not only on the definition of research, but 
also in its practice: the limitless search for answers, the 
arduous repetition and experimenting, and the impossibility 
for finality of an answer. However, one of the most fascinating 
things I found was that researchers organize their thoughts 
and finds visually, through thinking maps. These maps are 
pinned on walls, or drawn down, and connections are made , 
through lines, on how everything connects or doesn’t 
connect. These aids of thought resemble neurons. In that 
sense, researchers are drawing connections that are literally 
happening in their brains.

Once all these ideas were gathered, I sought to create an 
abstract concise image that portraits the facts of what 
research is, and how research is conducted. 
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Building Marketing Strategies for the Palm Beach Chapter of the
Leukemia & Lymphoma Society Using Geographic Information Systems Technology

Anhar Sarsour, Eric Llufrio and Donald J. Leone
Geomatics Engineering Program, Department of Civil, Environmental and Geomatics Engineering

College of Engineering & Computer Science, Florida Atlantic University, Boca Raton, Florida 33431, USA

Abstract.    The Leukemia & Lymphoma Society (LLS) is the world’s largest voluntary health agency 
dedicated to curing blood cancer. The Palm Beach Chapter requested our assistance in organizing its 
membership data to help in advertising efforts. We concentrated on the LLS program - Team in Training 
(TNT) - the world’s largest endurance sports training program and the number one fundraising arm of 
LLS. Since TNT relies on participants to raise funds for their cause, our goal in this project was to assist 
LLS in enhancing the effectiveness of their advertising efforts using Geographic Information System 
(GIS) technology.  GIS is a helpful mapping tool that stores, manages, and analyzes geospatial data.
   LLS Excel spreadsheet membership data was linked to a second set of geospatial data in a GIS ob-
tained from the Florida Geographic Data Library (FGDL) for the study area encompassing parts of Palm 
Beach, Martin, and St. Lucie counties. The two sets of data were linked using the common parameter of 
zip code numbers. The software, ArcGIS, was used to create fifteen GIS maps showing the geographical 
distribution of such parameters as the number of participants, percentage of participants to the total 
number of participants, median age, and mean income for each zip code. Color coding shows areas (zip 
codes) where there are higher concentrations of participants, leads, etc., as well as the characteristics of 
these areas. Selected analyses of the maps showed that simple marketing strategies could be constructed. 

Introduction
1.1 Formation of the Leukemia and Lymphoma Society 

   This project is the result of an idea proposed by a 
Geomatics Engineering Program Advisory Coun-
cil member Bryan Merritt [12]. The goal was to as-
sist a non-profit charity in organizing member data 
and optimizing advertising efforts by producing 
maps showing key data distribution. The study area 
is centered on Palm Beach County and includes sur-
rounding counties. The charity we worked with is 
the Palm Beach Area Chapter of the Leukemia and 
Lymphoma Society, a charity organization that was 
established by a family that suffered the loss of their 
son, Robert de Villier, to leukemia in 1944 [10]. In 
1949, Robert’s parents started a fundraising organiza-
tion in his name.  The organization later changed its 
name to the Leukemia and Lymphoma Society. The 
Palm Beach chapter serves the Palm Beach, Martin, 

St. Lucie, Indian River, Okeechobee, Glades, Hendry, and 
Highlands counties. The Leukemia & Lymphoma Soci-
ety’s mission is to “cure leukemia, lymphoma, Hodgkin’s 
disease and myeloma, and improve the quality of life of 
patients and their families” [11].  Funds raised by LLS are 
used for research programs relating to patient-commu-
nity care, public health education, professional education 
and fundraising. In 2011, LLS funded over $70 million in 
blood cancer research to help patients with acute myeloid 
leukemia, non-Hodgkin’s lymphoma, acute lymphoblas-
tic leukemia and myeloma. Some ways to help LLS are: 
individual donation, end of year giving (giving gifts on 
holidays), volunteering, sponsoring events and partici-
pating in sporting events. 
Our project concentrated on the “Team in Training” 
(TNT) program, the world’s largest endurance sports 
training program, and the number one fundraising arm 
of the LLS [11]. TNT was established in 1988, by Bruce 
Cleland of Rye, NY, who formed a team to raise funds and 
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train to run the New York City Marathon in honor of his 
daughter Georgia, who is a leukemia survivor. With the 
efforts of Cleland and the Hudson Valley Chapter, Team 
in Training was established and has grown into the 
world’s largest endurance sports training program. All 
funds raised by the TNT program are used for helping 
patients with leukemia and other blood cancers. Partic-
ipants must raise a certain minimum dollar amount for 
each event. This amount includes training and expenses 
for travel and boarding. 
1.2  Use of Geospatial Tools 
   Since TNT depends on participants to raise funds for 
their cause, an improved marketing strategy could help 
boost the number of participants, thereby increasing the 
amount of funds raised. A Geographic Information Sys-
tem (GIS) is a very helpful marketing tool that stores, 
manages, analyzes and displays geospatial data. 
   Management decisions are highly dependent on the 
vision and mission of an organization. However, there 
are techniques that can assist in the decision making 
process like segmentation, a statistical classification 
technique that divides a market into different groups, 
and targeting, that require the use of GIS technology. In 
order for a company to survive, it must make its market 
transparent and know which customer to target in ad-
vertisements and campaigns [8]. The geo-demograph-
ical segmentation technique was successfully tested by 
many researchers and was proven to produce positive 
results. Demographics, social, economic and behavioral 
activities of a region, are all important factors that need 
to be considered before advertising for a specific activ-
ity or business [1]. Although some studies [9,7,2] used 
different combinations of the important factors listed 
above, our study was unique in using the combination 
of age distribution, sporting propensity (since this was 
a TNT function), and mean household income (since 
TNT performers paid for some of their training) as pa-
rameters in a GIS analysis.
   A starting point for a business would be to understand 
and know the demographics and needs of the customer. 
Factors such as gender, race and income are linked to 
the product and service demand. A business marketer 
must sell the items to customers that need and will ben-

efit from the product. 
   Geo-demographical segmentation divides a market 
into different groups according to factors such as age, 
income and sex, which are usually associated with cer-
tain geographical variable such as zip codes. Since a 
picture can more effectively convey data patterns and 
trends, a GIS is a system able to perform the process-
es necessary to carry out, and display results from, a 
geo-demographical segmentation study. A GIS helps 
marketers to convert lists of data (e.g. zip codes) into 
information that can assist in the decision-making 
process by effectively targeting mailing areas, and iden-
tifying customer patterns and trends.
   In this project a GIS was created with functions that 
included the following results: 

Maps that depict the location of all the leads   
and participants (where the top leads and par-
ticipants are spatially located). Leads are iden-
tified as individuals who have indicated an 
interest in taking part in TNT, while partic-
ipants (also referred to as Participants-Com-
pleters) are the leads who actually completed 
the event.
Maps that illustrate participant and leads in-
come and population distributions by zip 
code.
Maps showing the distribution of participants 
in specific TNT events such as cycling, triath-
lon, etc.

   The maps enable a greater understanding of potential 
customers’ characteristics. In order to be able to have 
a successful marketing strategy, an organization must 
have its data well organized. LLS gathered all the in-
formation provided in the Excel spreadsheets through 
online applications. Interested people who called were 
directed to go to the Web site where they could input 
their data online. All the data was then inserted into 
spreadsheets. With the help of project initiator Bryan 
Merritt, we were provided with all the required data 
spreadsheets from Elizabeth Hughes, Deputy Execu-
tive Director of the Palm Beach Chapter.  However, the 
data supplied was not in a format compatible for au-
tomated inclusion into a GIS dataset, obtained to pro-

2
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duce thematic maps. This required much manipulation 
of the data in the spreadsheets, followed by manually 
inserting certain critical data, such as the number of 
participants/completers per zip code, into the GIS da-
tabase.  The process we used is documented in the next 
(Methods) section.

Methods
   With the data and an idea of what the final product 
should accomplish, the process of building maps began.  
Several methods for displaying the data on a map were 
discussed. It was decided that working with the data 
at a street address level would be difficult. A zip code 
boundary map of the project area was obtained from 
the Florida Geographic Data Library (FGDL) [5] web-
site and was used as the base map, using zip codes as the 
primary mapping entity. Trying to place all the data on 
one map proved to be difficult since there would not be 
sufficient room for all the labels in each zip code area. 
Therefore, the decision was made to create multiple 
category-specific maps. The categories of interest used 
were: zip code, post office name, population, percent of 

total area population, household mean income, medi-
an age, participants-completers, leads, participants to 
population ratio, and leads to population ratio. Also, 
five TNT sport participant specific maps were created: 
Running, Walking, Run/Walk, Cycling, and Triathlon.
   Each zip code associated with the FGLC base map, 
along with population for the year 2000, area, and 
some other data, were already available in the attri-
bute table attached to the shape file from FGDL. Every 
shape file processed by the ArcMap software has an at-
tribute table, much like a spreadsheet, which contains 
information about each map feature (See Table 1 – At-
tribute Table). A map feature is a polygon shape rep-
resenting the area of each zip code. In this case, each 
zip code feature has a feature ID field (column) with 
a unique numbered identifier for each feature, a name 
field which contains the 5 digit zip code of each feature, 
an area field, a population field, and a post office name 
field.

Table 1 - Attribution Table

3
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   One of the category specific maps involved the display 
of the population for each zip code. However, the pop-
ulation data from the base map was for the year 2000.  
State population numbers from 2000 and 2011 [5] were 
used to calculate the State’s population growth from 
2000 to 2011.  The State population growth number 
was then used to adjust the 2000 zip code populations 
to 2011 values.The adjusted population value for each 
zip code was entered into a new field (column) in the 
attribute table. Then a category specific map depicting 
population distribution of the target area was created, 
which showed the values plotted for each zip code area 

with each area color coded light gray to dark gray from 
lowest value to highest, respectively. A typical map is 
shown in Figure 1 - LLS Leads by Zip Code, presenting 
the number of leads for each zip code.
   One of the strong parameters for evaluating the par-
ticipation numbers, along with population, is the aver-
age (mean) household income and median age for each 
zip code. The average household income data for each 
zip code in the study was for 2000, so the income had 
to be projected to 2010. This was done by incorporating 
data from the Table H-8 Median Household Income by 
State[13]. Using the ratio of 2000 to 2010 mean house-

4

Figure 1 - LLS Leads by Zip Code
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hold income numbers for Florida, data for each zip code 
was projected from 2000 to 2010. In a similar process, 
Median Age data [14] for  2010 was generated for each 
study area zip code. The mean household income and 
median age demographic data was then entered into the 
map attribute table as separate columns.
   After creating the population, average household in-
come, and median age maps, the actual TNT Partici-
pants-Completers and Leads data from the Leukemia 
and Lymphoma Society files (Excel spreadsheets) were 
manually imported into the ArcMap program. Format-
ting of the Participants-Completers and Leads spread-
sheets was required before importing the data. First the 
Excel ‘Text to Columns’ tool was used to truncate the zip 
code in the spreadsheets to five digits. This allowed the 
zip codes to be sorted, and match the fields in the Arc-
Map attribute table. The entries with zip codes which are 
not part of the project area were removed. The entries 
were checked for duplicates so that each participant or 
lead would only be counted once. After the spreadsheets 
were prepared, the number of entries (e.g. participants 

or leads) for each zip code was counted using the Ex-
cel ‘COUNTIF’ function (Excel’s COUNTIF function 
is used to count up the number of cells in a selected 
range that meet specified criteria). These counts were 
then entered into the ArcMap attribute tables for each 
corresponding map (See Table 2 – Category Specific 
Map Titles).
   The process for entering sport-specific data was ac-
complished in a similar fashion. Duplicates were per-
mitted since a participant could participate in more 
than one event type. With the zip codes truncated and 
entries from outside of the project area removed, the 
entries were now sorted by sport. All entries for each 
sport were moved to their own spreadsheet and sorted 
by zip code. Again the number of entries for each zip 
code was counted using the ‘COUNTIF’ function. This 
data was transferred to the attribute tables in ArcMap 
and maps were created for each sporting event. These 
maps were used by the software to create the category 
specific maps which were exported to PDF. (See Table 
2 – Category Specific Map Titles).

   Another way of portraying the data was investigated.  
The method involved a KML file that could be used in 
Google Earth. This resulted in a place mark being gen-
erated to indicate the location of each participant-com-
pleter, and lead listed on the Leukemia and 
Lymphoma Society excel spreadsheets (see Figure 2 
– LLS Data on Google Earth). A place mark was po-
sitioned at the street address of each entry. The place 
marks were organized into different layers, e.g. partic-
ipants-completers, which could be individually shown 

or hidden with a checkbox. A different color was se-
lected for each layer’s place marks.
   Participant-completers were colored green, and leads 
were colored yellow but are shown in Figure 2 – LLS 
data on Google Earth as white symbols. Clicking on 
each place mark would show additional information 
about that entry from the spreadsheet including name, 
sport, and events they had participated in or were in-
terested in. An attempt was made to complete just the 
entries within a single zip code and though it looked 

5

1. Zip Codes 9. 2010 Household Mean Income by Zip Code
2. Post Offices 10. Running by Zip Code

3. Participants - Completers by Zip Code 11. Run/Walk by Zip Code
4. Participants Index by Zip code 12. Cycling by Zip Code

5. Leads by Zip Code 13. Walking by Zip Code
6. Leads Index by Zip Code 14. Triathlon by Zip Code

7. 2011 Population by Zip Code 15. Median Age by Zip Code
8. 2011 Per Cent Total Population

Table 2 - Category Specific Map Titles
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impressive, it became apparent that this would take too 
long to complete by hand. A computer script to auto-
matically create the place marks within the KML file was 
also attempted, but did not work properly. To add diffi-
culty to this issue, some of the address data was miss-

ing, P.O. boxes did not show up correctly, and business 
addresses did not accurately show the location of the 
lead or participant [3]. As more issues were discovered, 
the task was abandoned in favor of the zip code based 
analysis.

Figure 2 - LLS Data on Google Earth

Results
   As mentioned above, the goal of this project is to as-
sist the Leukemia & Lymphoma Society of Palm Beach 
in organizing member data and optimizing advertising 
efforts. Our endeavor lead to the creation of fifteen 11 
by 17 inch category-specific maps (see Table 2) using 
the ArcMap Geographic Information Systems software 
package. This size map was chosen so that all map de-
tails could be clearly seen. The maps are listed in Table 
2 – Category Specific Map Titles. A typical map showing 
the numbers of Participants - Completers is shown in 
Figure 3 – LLS Participants-Completers by Zip Code.
Interpretation of Results - Single Map Analysis:

   Looking at the Participants- Completers Map, Figure 
3 - LLS Participants-Completers by Zip Code, we can 
see the areas of high participation and low participation. 
One marketing strategy might be to focus marketing ef-
forts to try to increase participants in the low yield areas 

(light gray). The other individual maps can be used in 
a similar manner.
Four Parameter Analyses:

   As an exercise to show how these maps can be used, 
we assumed a correlation between the large number of 
leads, and the proposed important parameters of large 
population, high mean income and low median age. 
Several individual zip codes were analyzed using pop-
ulation (A), leads (B), and mean household income (C) 
maps and noting the median age. A high correlation 
was observed between the large number of leads, high 
population, and low median age in the three examples 
shown below. Mean household income did not seem to 
correlate with high numbers of leads.

6
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Figure 3 - LLS Participants - Completers by Zip Code
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A. Population B. Leads C. Mean Household Income

Figure 4  - Royal Palm Beach , zip code 33411, has the highest number of leads in the target area as 
well as the highest population. Though household income is average, the median age in this zip code 
is 39.8 years.

A. Population B. Leads C. Mean Household Income

Figure 5 - St. Lucie West, zip code 34953, also has a high population and high number of leads with a 
lower mean household income. This zip code also has a lower median age of 35.2 years.

A. Population B. Leads C. Mean Household Income

Figure 6 - Hobe Sound, zip code 33455, has average population and low participants. However, the median 
age is 56.6 years, so this area might not yield a satisfactory response to advertisement.

8
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A. Population B. Participants - Completers

We have noted several observations when comparing 
the leads analysis trend to the participants-completers 
population. Using the result from the leads analysis for a 
few particular zip codes, we looked at maps the popula-

tion map (A),  number of participants-completer’s map 
(B), and median age, and noticed that an increase in ad-
vertising in the following areas could be considered:

Figure 7 - Loxahatchee, zip code 33470 has an average population but low participants. 
The median age for Loxahatchee is 39.5 years. This area might be a good candidate for 
advertising.

A. Population B. Participants - Completers

Figure 8 - Boca Raton, zip code 33428, has a high population but low participants. The 
median age for this Boca Raton zip code is 41.1. This area might be a good candidate for 
advertising.

9

A. Population B. Participants - Completers

Figure 9 - Hobe Sound, zip code 33455 has average population and low participants. 
However, the median age is 56.6 years, so this area might not yield a satisfactory response 
to advertisement.
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Conclusions/Recommendations
   In this project we successfully completed the list of de-
liverables for LLS using GIS procedures. The following 
goals were achieved:

Maps that show the location of all the leads and 
participants (where the top leads and participants 
are spatially located).
Maps that depict participant and leads mean in-
come, population distributions, and median age by 
zip code.
Maps that illustrate the distribution of participants 
in specific TNT events such as cycling, triathlon, 
etc.

   These maps were based on zip code areas which were 
the common parameter that allowed the linkage be-
tween the LLS Excel spreadsheets and the GIS map at-
tribute table. The maps will enable the LLS to discern 
the patterns that show where TNT advertising will be 
the most effective in promoting events to raise money.
   From a limited number of parametric studies of cho-
sen zip codes, we found a hypothetical correlation be-
tween high number of leads and low median age. This 
criterion could be used as a first method to establish ad-
vertising target areas.
   To produce a more in depth analysis, it is recommend-
ed that the study be extended to include:

A more rigorous statistical analysis to confirm our 
assumed correlation.
A four parameter study of all the zip codes in the 
study area.
Census demographic data such as age distribution 
and gender.

   Another method of producing maps, other than a GIS, 
was investigated.  Due to problems handling large sets 
of data, Google Earth failed provide a system whereby 
the data could be displayed and analyzed.
   Toward the end of this project, FAU acquired the Busi-
ness Analyst extension to the ArcGIS software. Any fu-
ture work on this project should consider using Busi-
ness Analyst to handle the incorporation of the census 
demographic data in an efficient manner. Business

Analyst may also allow multiple criteria (similar to the 
four parameter analysis) to be queried automatically.
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Comparative Country Performance on International Education Assessment
Diogo Braga and Sharmila Vishwasrao 

Department of Economics, College of Business, Florida Atlantic University, Boca Raton, Florida 33431, USA

Abstract.  The international community agrees that investing in education is vital for a country’s de-
velopment. An anomaly in the literature is that while education has a demonstrable positive impact 
on individual earnings, it has minimum economic impact on a country’s income in aggregate.  One of 
the reasons for this is that most studies account for increased enrollment while neglecting the impact 
of educational quality.  As universal school access becomes a reality, there is growing interest among 
countries in determining the factors that influence the quality of education. This study uses data from 
one international educational assessment program to study the impact of family background and the 
interaction between public funding and public school management on reading, writing, and science test 
scores. I show that family background, particularly mother’s education level, has a strong influence on 
performance. The study also suggests that school performance can be improved when public funding is 
allocated to privately managed schools. 

Introduction
   Every nation that aspires to be productive and pros-
perous realizes education is the foundation on which 
to build a great society. Nelson Mandela (2003) fa-
mously stated that, “Education is the most powerful 
weapon which you can use to change the world.” The 
2011 UNESCO Education Counts Report has shown 
how access to education creates positive spillovers, 
affecting global development challenges such as erad-
icating poverty, promoting gender equality, reducing 
child mortality, improving maternal health, combat-
ing HIV, malaria and other preventable diseases, and 
encouraging environmental sustainability (UNESCO, 
2011).
   Achieving universal education access is a focus of 
the international development agenda. Many efforts, 
such as the “Education for All” initiative, express the 
international community’s commitment to provide 
basic education for all children, youth, and adults. 
During the past two decades, poorer countries have 
considerably improved school enrollment rates, pri-
mary school completion, and the proportion of stu-
dents starting grade 1 who reach grade 5, narrowing 
the schooling gap between richer and poorer coun-
tries.  Although these are all great achievements, em-

pirical evidence shows that these improvements in the 
quantity of schooling have not had a significant econom-
ic impact on poorer countries (Hanushek & Woessmann, 
2008). Hanushek & Woessmann (2008) also note that the 
positive correlation between education and economic 
growth is clearly observed when models include qualita-
tive elements such as cognitive skills measured by inter-
national assessment scores.
   Since empirical evidence suggests a strong positive cor-
relation between cognitive skills and desirable economic 
outcomes, understanding how to achieve this on an in-
dividual, school, and country level is essential to pro-
mote economic growth. Currently, cognitive skills mea-
surement relies on international assessment scores and 
surveys. In the mid-1960s, an international consortium 
was created to implement and compare students’ exam 
performance across nations. The study collected specific 
data on student background and study habits, as well as 
school attributes, such as if the school is private or public, 
and how it is funded. Currently, three major internation-
al testing programs conduct worldwide assessments of 
educational quality. The most comprehensive and rigor-
ous of these is the Programme for International Student 
Assessment (PISA), which has tested the reading, math-
ematics, and science skills of 15 year old children every 
three years since 2000. 
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   This study in particular uses PISA 2009 data from 65 
participating countries. Given countries’ growing inter-
est in improving school quality and student outcomes, 
using PISA data to perform educational analysis and 
comparisons on all levels is a powerful tool to under-
stand and promote policies that foster higher student 
performance. This paper makes a country-level analy-
sis investigating the impact a country’s GDP per capita, 
the school type (private or public), government fund-
ing, and parents’ background, has on a country’s perfor-
mance on PISA
Brief Litereture Review   
   The assumed public benefits of education for society 
has prompted governments to take a leading role in 
managing and funding schools. However, a large con-
stituency interested in improving school quality and 
student outcomes has challenged governments’ primary 
role in education (Brewer & Hentschke, 2009).  As pub-
lic schooling levels increase around the world without 
major economic impact, an increasing number of coun-
tries are wondering whether the public interest might 
be better served when private entities are involved in 
managing and funding schools (OECD, 2012). Recently 
a number of countries have welcomed involvement of 
private entities in funding and managing schools. The 
hope is that this approach not only broadens responsi-
bility for schools beyond governments, but also provides 
parents and students with more choices while spurring 
creativity and innovation. 
   Findings from studies investigating the impact of pub-
lic and private involvement on performance are mixed. 
Studies in Chile (Lara, Mizala and Repetto, 2009), Czech 
Republic (Filer and Munich, 2003), Sweden (Sandström 
and Bergström, 2005), the United Kingdom (Green, et 
al., 2011) and the United States (Peterson, et al., 2003) 
demonstrated through cross-sectional and longitudinal 
data that higher private school enrollment is correlat-
ed with better academic performance. Additionally, 
cross-country studies based on data from PISA 2000 
and PISA 2003 indicated that countries that allocate 
public funds to privately managed schools tend to have 
overall higher scores (West &Woessmann, 2010; Woess-
mann, 2006; Woessmann, 2009). On the other hand, 
other studies showed little or negative effect of private 

involvement on performance. Studies using USA data 
indicated that higher private school enrollment had no 
significant effect on performance (Geller, Sjoquist and 
Walker, 2006), and other studies showed a small nega-
tive effect for low-income district (Maranto, Milliman 
and Scott, 2000). The differences in results are related 
to methodological choices, and vary among countries.
  The literature indicates that another major determi-
nant of student performance is family background 
(Coleman et al, 1966). The relationship between fam-
ily background and performance is well understood 
to some extent, but some connections are not so clear 
(Levin & Belfield, 2002). In general, parents with high 
levels of education may spend more time with their 
children and may interact with their children in ways 
that promote better educational outcomes. Also, par-
ents with prestigious careers may become role models 
to their children, who in turn devote more efforts to be 
successful in school (Kohn, 1969). In addition, fam-
ilies from wealthier socioeconomic backgrounds can 
provide a proper study place for their children, such as 
a quiet place, computer, and other resources that can 
enhance and motivate learning. Community may also 
play a role in student performance, since the location 
of the school is related to the types of resources nearby, 
such as libraries and museums, which support learn-
ing outcomes. Students without these privileges might 
find it more difficult to perform well in school. 
   The PISA assessment includes an index of social, 
economic, and cultural status - a broader concept than 
family background. The index is calculated using par-
ents education and occupation, as well household pos-
sessions. The average socioeconomic index of students 
attending a school refers to the school’s socioeconomic 
background. When high performing schools within a 
country are accessible only to students from affluent 
backgrounds, leaving students from disadvantaged 
backgrounds to the least efficient schools, this segrega-
tion leads to high socioeconomic stratification between 
schools. When ‘classes’ of schools are created based on 
the socioeconomic backgrounds of the students the 
consequence is unequal educational opportunities 
and outcomes. Some countries have low levels of so-
cioeconomic stratification in their education systems, 
thereby maximizing equity and social cohesion, along 
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with a high performance on PISA. In most PISA par-
ticipating countries, students that attend private schools 
tend to have a higher average socioeconomic status than 
those who attend public school.
   Socioeconomic stratification between private and 
public schools is more pronounced in some countries 
than others. For example, in Sweden, Finland, Neth-
erlands, the Slovak Republic, Slovenia, Germany, Bel-
gium, Hungary, Luxembourg, and Ireland, over 80% 
of private schools are publicly funded, while in New 
Zealand, Panama, Brazil, Kazakhstan, and Peru, pub-
lic funding accounts for less than 10% of private school 
funding. Results show that socioeconomic stratification 
is not affected by the number of private schools. Howev-
er when private schools are publicly funded there is less 
social stratification between public and private managed 
schools.
   One approach to transferring public funds to private-
ly managed schools is through vouchers and tuition tax 
credits given to parents. Vouchers are classified into two 
types: universal, available to all students, and targeted 
vouchers provided to disadvantaged students.  Both in-
fluence socioeconomic stratification differently. PISA 
scores show that countries with low levels of socioeco-
nomic stratification are overall better performers, ulti-
mately creating policies that promote equity and social 
cohesion without sacrificing strong performance in the 
school system (OECD, 2012). Our study seeks to repli-
cate some of these findings with a particular focus on 
the effects of parental education and the interaction be-
tween public funding and public ownership of schools.
Data
   The data used for this study was retrieved from The 
Program for International Student Assessment (PISA) 
2009 database and the World Bank Education database. 
In 2009, a sample of 470,000 students from 65 countries 
completed the PISA assessment in mathematics, read-
ing, and sciences, representing a population of 26 mil-
lion 15-years olds. In order to provide valid estimates on 
student achievement and characteristics, the program 
enforces international guidelines on each participating 
country to select a diverse sample of students to repre-
sent the full population of 15-years old. Each country is 

required to select a minimum of 4,500 students from at 
least 150 schools, both privately and publicly managed. 
The guidelines also require that samples of 35 students 
be selected with equal probability within schools. More 
specifically, the age of students selected ranges from is 
15 years and 3 months to 16 years and 2 months at the 
beginning of the testing period, and they were in 7th 
grade or higher. The age criteria and exam questions 
enforce PISA’s emphasis on measuring functional skills 
that students have acquired as they approach the end of 
compulsory schooling (Fleischman, Hopstock, Pelczar 
& Shelley, 2010). 
   During the assessment, each student spends approxi-
mately two hours answering multiple-choice questions, 
constructing their own answers, and carrying out tasks 
in reading, mathematics and science. Students also an-
swer a survey about their background, learning hab-
its, attitudes towards reading, their involvement and 
motivation. PISA also reaches out to school principals 
to complete a questionnaire about demographic char-
acteristics, quality of learning environment, and more 
issues related to school operation (OECD, 2010-a).
PISA’s data collection methodology generates a wealth 
of micro-data which is very useful in drawing conclu-
sions on educational outcomes. Since our main goal 
was to observe the impact of parents’ educational back-
ground and the interaction between public funding 
and public management of schools on performance, 
we selected the variables described below in Table 1. 
The PISA data was merged with income data from the 
World Bank’s World Development Indicators. 
   PISA data shows countries with varying income levels 
and number of public schools. Interestingly, the mean 
number of mothers with upper secondary education 
is slightly higher than the number of fathers, although 
the variance is higher for mother’s education.  In Table 
2, we separate countries by income level into approxi-
mately equal two equal sized groups, one group with 
income greater than $25,000 in purchasing power par-
ity (PPP) dollars and the other with income less than 
PPP $25,000.  As one might expect, richer countries 
perform better on all three testing categories in PISA 
than poorer countries. Although there are great so-
cio-economic variations within countries, richer coun-
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tries in general have access to better educational resources and may be able to allocate resources more efficiently 
than a country with lower income per capita.
   In Table 2 countries are separated by income levels (less $25,000 PPP and income more than $25,000 PPP).  There 

are about the same number of countries in each income group.  As expected, high-income level countries perform 
better than low-income level countries in all three subjects.
   In a number of countries, public funding for schools is available regardless of whether a school is publicly or 
privately managed.  For example, the system of providing student vouchers would result in public funds going to 
private schools.  We are interested in whether this is an effective way to improve school quality and Table 5 shows 
the differences in test scores based on whether a government funds schools regardless of whether the school is a 
public or private school. Countries with a higher number of schools subsidized by government funding have 
higher average scores on all three PISA assessments.
Hypothesis and Methodology

Variable Obs Mean Std. Dev. Min Max

Reading Score 58 462.0659 47.28554 361.52 535.88

Math Score 58 462.796 54.34948 359.75 562.02

Science Score 58 468.4848 52.22789 369.35 554.08

Percent 
Public Schools

68 81.77118 22.22892 3.98 100

Percent 
Govt. Funding

63 84.54762 14.0527 43.9 99.8

Gov*Pub 57 64.08063 178.0856 -571.457 638.0826

% of Father’s with 
Upper Secondary 

Education

58 64.70552 18.31788 30.18 93.5

% of Mother’s with 
Upper Secondary 

Education

58 65.91034 20.42483 18.26 94.96

PPP Income per 
Capita

63 $25,393.69 $16,123.66 $2,866.24 $79,351.88

Table 1 - Descriptive Statistics

Table 2 - Mean Score by Income Level
Average Math Score Average Reading Score Average Science Score 

Income less than $25,000PPP 429.6996 433.9829 438.1546
Income more than $25,000PPP 495.945 491.0971 499.3943

Total 462.8223 462.54 468.7745
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   The model we estimate is based on the idea of an educational production function, where the output is the score 
on a test, as well as results from a number of educational inputs such as family background, educational spending 
and policy measures (which would impact the effectiveness with which these variables affect test scores). We use 
PISA scores on reading, mathematics and science as the dependent variables for this paper.  PISA ranks countries 
based on their mean score on each area; they do not provide a collective score of all subjects combined.  While we 
could have simply added the scores together, keeping the data in its raw form from the three subject areas allow us 
to analyze any possible differences between them.  

Govt. Funding Percent 
Public Schools

Mother’s 
Education

Father’s 
Education

Income < $25,000PPP 83.38182 87.767419 61.137097 61.334194
Income > $25,000PPP 86.51071 83.6732 71.611154 68.555385

Table 3 - Mean Values by Country Income Level

   In most countries, educational systems are composed of public and private schools. Public schools are managed 
and funded by the government, while private schools are managed by a non-governmental organization relying on 
public and/or private funding to operate. The PISA database allows researchers to analyze the impact of public and 
private school management and funding on student performance. In Table 4, the mean scores by public schooling 
indicate that countries with a greater number of public schools perform better. Once again, the dividing line of 
90% was chosen so that there were roughly equal numbers of countries in each group.

Average 
Math Score

Average 
Reading Score

Average 
Science Score 

Less than 90% Public 438.7486 445.8659 447.3909

Greater than 90% Public 481.7548 477.911 487.5307

Total 463.2031 464.0876 470.2155

Table 4 - Mean Scores by Public Schooling

Average Math Score Average Reading Score Average Science Score 

Less than 90% Govt. Funding 439.9671 448.3404 449.31

Greater than 90% Govt. 
Funding 

483.2286 474.2996 485.6743

Total 461.5979 461.32 467.4921

Table 5 - Mean Scores by Government Funding
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   The independent variables selected were the country’s 
per capita income (pcippp), percentage of the total fund-
ing for a typical school year that comes from the govern-
ment (%govtfunding), the percentage of public schools 
(%pubschools), the interaction between government 
funding and public schools (%pubschoolsx%govtfund-
ing), the percentage of fathers with upper secondary ed-
ucation or more (FEDU), and the percentage of mothers 
with upper secondary education or more (MEDU).
Economic theory favors private schools over public 
schools for many reasons. First, private schools in gen-
eral enjoy autonomy to define their own curriculum and 
greater flexibility to allocate resources - which may lead 
to more innovation. Second, competition leads to effi-

ciency among private schools that translates into more 
resources to attract better teachers, equipment and in-
frastructure. We test whether students attending pri-
vate schools will have better academic achievement. 
   However, better performance at private schools may 
simply reflect the selection of more affluent students 
who can afford private schools and have access to more 
resources at home. Thus, school type might lose sig-
nificance when family background is controlled for. 
Regardless of whether the school is private or public, 
parents with high levels of schooling are better capable 
to provide more resources for education at home, more 
likely to participate in children’s learning experience, 
and motivate children to be high achievers. 

Math Science Reading PCIPPP Govt. 
Funding 

Percent 
Public 

Schools 

Father’s 
Education

Mother’s 
Education

Math 1.00

Science 0.97* 1.00

Reading 0.95* 0.98* 1.00

PCIPPP 0.57* 0.53* 0.53* 1.00

Govt. 
Funding

0.52* 0.49* 0.43* 0.14 1.00

Percent Public 
Schools

0.18 0.16 0.14 -0.11 0.28* 1.00

Father’s 
Education

0.43* 0.43* 0.38* 0.21 0.57* 0.41* 1.00

Mother’s 
Education

0.50* 0.51* 0.46* 0.24 0.62* 0.37* 0.97* 1.00

 *significant at 5%

Table 6 - Correlation between Variables
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   Additionally, affluent families tend to live in affluent 
communities, which leads to better learning environ-
ments and associations in general, regardless of whether 
the school is publicly or privately-managed. In less afflu-
ent communities, public schools are more likely to have 
difficulty attracting quality educational resources, such 
as quality teacher and administrators, leaving the child 
at a disadvantage especially if the family has low edu-
cation levels. Hypothetically, students from ‘advantaged’ 
background families can afford private school or have 
access to a high quality public school, while disadvan-

taged background family cannot afford private school 
and are limited to a low quality public school. We pre-
dict that allocating public funds to privately managed 
schools will lead to better performance, since the un-
derlying assumption is that disadvantaged children will 
be able to enjoy a better education. 
   Although at first glance the data seems to favor pub-
lic schools, we hypothesize that countries that allocate 
public funds to privately managed schools are better 
performers on PISA. Thus, we include the interactive 
variable between percentage of public schools and per-

Variable Math Score Science Score Reading Score
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Percent 
Public 

Schools

0.4332
(0.3772)

0.3832
(0.3762)

0.2599
(0.3733)

0.2315
(0.3678)

0.2592
(0.3438)

0.2411
(0.3451)

Percent Govt. 
Funding

1.6941***
(0.4668)

0.8703
(0.5191)

1.7312***
(0.462)

0.8785
(0.5075)

1.3424***
(0.4254)

0.6277
(0.4762)

Gov*Pub -0.0645*
(0.0322)

-0.0887*** 
(0.0326)

-0.0567*
(0.0319)

-0.0802***
(0.0319)

-0.0564*
(0.0294)

-0.0757***
(0.0299)

Father’s 
Education

-1.577
(1.1181)

-1.8264
(1.093)

-1.5786
(1.0255)

Mother’s 
Education

2.3002**
(1.0174)

2.5232***
(0.9946)

2.1499**
(0.9332)

per Capita 
Income PPP

0.0013**
(0.0004)

0.0012***
(0.0004)

0.001**
(0.0004)

0.0009**
(0.0004)

0.001***
(0.0003)

0.0008**
(0.0003)

Constant 249.3607***
(42.0554)

279.1216***
(40.6078)

275.1595***
(41.6205)

306.8161***
(39.6964)

304.8187***
(38.323)

331.5608***
(37.2463)

Number of 
Obs.

50 50 50 50 50 50

Adjusted R2 0.4583 0.5288 0.4076 0.4972 0.3634 0.439

Table 7 - Regression Results (Standard Errors in Parentheses)

***significant at 1% **significant at 5% *significant at 10%
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centage of government funding as a way to measure the 
impact of public funding on different types of schools.  
The coefficient on the interactive term measures wheth-
er an increase in government funding is likely to have 
a different impact on public schools vs. private school.  
For instance, a positive coefficient would suggest that an 
increase in government funding has a higher marginal 
impact on public schools while a negative coefficient 
suggests that additional public funding would be better 
allocated to privately managed schools.
Model 1: 
PISAscore =  β1 + β2(pcippp) + β3(%govtfunding) + β4(%pubschools) 

- β5(%pubschool∙%govtfunding) + e

Model 2: 
PISAscore =  β1 + β2(pcippp) + β3(%govtfunding) + β4(%pubschools) - 

β5(%pubschool∙%govtfunding) - β6(FEDU) + β7(MEDU) + e

Results for both models are shown in Table 7.  The esti-
mates are ordinary least squares, obtained using Stata.
Results
   Even though the model is constrained to 50 observa-
tions, the results turned out very close to what was ex-
pected.  Model 1 does not include parents’ education.  In 
both models, the country’s income level has a significant 
and positive impact on test scores.  As one might expect, 
countries with more resources can improve test scores.  
Equally, public schools do not have any clear advantage 
over private schools when it comes to educational qual-
ity.  The effects of public spending on schools are gener-
ally positive. 
   The regression results reported in Table 7 show that the 
proportion or percentage of public schools have a sig-
nificant effect on test scores in science, mathematics, or 
reading. Government funding of education has a posi-
tive impact, and based on the interactive term – which is 
negative and significant – increasing government spend-
ing for a given percentage of public schools has a nega-
tive effect on math, science, and reading scores. There 
are a few possible explanations as to why this might oc-
cur.  First, the level of government spending in public 
schools is quite high and the marginal effect of an extra 

dollar spent in the public schools may be lower sim-
ply because of diminishing returns.  Second, the mon-
ey may in fact be better managed in private schools, 
resulting in a bigger improvement in scores. Lastly, it 
is possible that public funding of private schools may 
reduce the social stratification of schools and reduce 
the effect of affluence, allowing poorer students access 
to better schools.
   When the parents’ educational background is includ-
ed in Model 2, we observe a significant and positive 
impact of mother’s education on student performance, 
but not of father’s education. The results suggest that 
mother’s background is more important than father’s 
background in predicting academic achievement, but 
this result may be a result of the lack of variation in 
father’s educational attainment. The results might also 
reflect the importance of mothers in the household in 
helping children with their assignments/homework. In 
developing countries, mothers play a more important 
role in with regards to training and nurturing children. 
Note that the two variables are highly correlated and 
this could just be a statistical problem.  
   The effects of public spending on education are stron-
ger when we include variables reflecting parental educa-
tion.  This is surprising since we do expect that families 
with higher levels of parental education are more likely 
to be affluent and live in areas with better schools as 
well as providing the resources for students to perform 
better.   The government spending variable is signifi-
cant when we add parental background.  This suggests 
that schools with higher government spending were 
probably associated with more affluent families. The 
interaction between government spending and public 
schools is still significant and negative.  This finding 
suggests that public money going to public schools has 
a slightly more negative impact on academic perfor-
mance than money going to private schools, even after 
controlling for family background.  We can speculate 
that public funding through programs such as voucher 
programs for children in poor families may mitigate 
some of the familial effects of lack of parental educa-
tion in such families.
Conclusion
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   If education is a fundamental element of a sustainable 
development strategy, it is important to ensure educa-
tional quality along with more access to education. This 
paper investigated factors that explain country per-
formance on the PISA assessment. Although encom-
passing all the elements that lead to academic success 
is a daunting task, by using PISA data this study was 
able to demonstrate some correlations between perfor-
mance and country income, family background, type 
of school, as well as funding methods. Not surprising-
ly, high-income countries perform better than low-in-
come countries. Countries with a higher percentage 
of public schools perform no better than countries 
with fewer public schools (and by default more pri-
vate schools) after controlling for family background.  
However, public funding to privately managed school 
may improve performance.  Also, mother’s education 
plays a very important role and suggests that early 
childhood education programs may help children of 
less educated mothers achieve academic success. 
   Countries are able to make better decisions con-
cerning education policy when utilizing cross-coun-
try student performance data as opposed to how long 
students have been in school. Currently international 
assessments provide unique data concerning both the 
various factors that influence achievement as well as 
the impact of skills on social and economic outcomes. 
Even our simple study suggests that parental back-
ground and public funding play an important role in 
ensuring educational quality.  While countries can 
strive to increase female educational attainment in or-
der to enhance educational quality for children, it is 
important to mitigate these parental effects for children 
of uneducated parents through school involvement 
and possibly early childhood education programs.   
   The role of public funding is more nuanced.  At first 
glance, higher scores seem to be associated with public 
schooling and public funding of all schools.  Howev-
er, using a slightly different methodology we find that 
additional public dollars spent on public schools do 
not have a positive effect.  In fact, public funds may be 
more effective when distributed to private schools.
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Abstract.  The international community agrees that investing in education is vital for a country’s de-
velopment. An anomaly in the literature is that while education has a demonstrable positive impact 
on individual earnings, it has minimum economic impact on a country’s income in aggregate.  One of 
the reasons for this is that most studies account for increased enrollment while neglecting the impact 
of educational quality.  As universal school access becomes a reality, there is growing interest among 
countries in determining the factors that influence the quality of education. This study uses data from 
one international educational assessment program to study the impact of family background and the 
interaction between public funding and public school management on reading, writing, and science test 
scores. I show that family background, particularly mother’s education level, has a strong influence on 
performance. The study also suggests that school performance can be improved when public funding is 
allocated to privately managed schools. 

Introduction
   Every nation that aspires to be productive and pros-
perous realizes education is the foundation on which 
to build a great society. Nelson Mandela (2003) fa-
mously stated that, “Education is the most powerful 
weapon which you can use to change the world.” The 
2011 UNESCO Education Counts Report has shown 
how access to education creates positive spillovers, 
affecting global development challenges such as erad-
icating poverty, promoting gender equality, reducing 
child mortality, improving maternal health, combat-
ing HIV, malaria and other preventable diseases, and 
encouraging environmental sustainability (UNESCO, 
2011).
   Achieving universal education access is a focus of 
the international development agenda. Many efforts, 
such as the “Education for All” initiative, express the 
international community’s commitment to provide 
basic education for all children, youth, and adults. 
During the past two decades, poorer countries have 
considerably improved school enrollment rates, pri-
mary school completion, and the proportion of stu-
dents starting grade 1 who reach grade 5, narrowing 
the schooling gap between richer and poorer coun-
tries.  Although these are all great achievements, em-

pirical evidence shows that these improvements in the 
quantity of schooling have not had a significant econom-
ic impact on poorer countries (Hanushek & Woessmann, 
2008). Hanushek & Woessmann (2008) also note that the 
positive correlation between education and economic 
growth is clearly observed when models include qualita-
tive elements such as cognitive skills measured by inter-
national assessment scores.
   Since empirical evidence suggests a strong positive cor-
relation between cognitive skills and desirable economic 
outcomes, understanding how to achieve this on an in-
dividual, school, and country level is essential to pro-
mote economic growth. Currently, cognitive skills mea-
surement relies on international assessment scores and 
surveys. In the mid-1960s, an international consortium 
was created to implement and compare students’ exam 
performance across nations. The study collected specific 
data on student background and study habits, as well as 
school attributes, such as if the school is private or public, 
and how it is funded. Currently, three major internation-
al testing programs conduct worldwide assessments of 
educational quality. The most comprehensive and rigor-
ous of these is the Programme for International Student 
Assessment (PISA), which has tested the reading, math-
ematics, and science skills of 15 year old children every 
three years since 2000. 
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   This study in particular uses PISA 2009 data from 65 
participating countries. Given countries’ growing inter-
est in improving school quality and student outcomes, 
using PISA data to perform educational analysis and 
comparisons on all levels is a powerful tool to under-
stand and promote policies that foster higher student 
performance. This paper makes a country-level analy-
sis investigating the impact a country’s GDP per capita, 
the school type (private or public), government fund-
ing, and parents’ background, has on a country’s perfor-
mance on PISA
Brief Litereture Review   
   The assumed public benefits of education for society 
has prompted governments to take a leading role in 
managing and funding schools. However, a large con-
stituency interested in improving school quality and 
student outcomes has challenged governments’ primary 
role in education (Brewer & Hentschke, 2009).  As pub-
lic schooling levels increase around the world without 
major economic impact, an increasing number of coun-
tries are wondering whether the public interest might 
be better served when private entities are involved in 
managing and funding schools (OECD, 2012). Recently 
a number of countries have welcomed involvement of 
private entities in funding and managing schools. The 
hope is that this approach not only broadens responsi-
bility for schools beyond governments, but also provides 
parents and students with more choices while spurring 
creativity and innovation. 
   Findings from studies investigating the impact of pub-
lic and private involvement on performance are mixed. 
Studies in Chile (Lara, Mizala and Repetto, 2009), Czech 
Republic (Filer and Munich, 2003), Sweden (Sandström 
and Bergström, 2005), the United Kingdom (Green, et 
al., 2011) and the United States (Peterson, et al., 2003) 
demonstrated through cross-sectional and longitudinal 
data that higher private school enrollment is correlat-
ed with better academic performance. Additionally, 
cross-country studies based on data from PISA 2000 
and PISA 2003 indicated that countries that allocate 
public funds to privately managed schools tend to have 
overall higher scores (West &Woessmann, 2010; Woess-
mann, 2006; Woessmann, 2009). On the other hand, 
other studies showed little or negative effect of private 

involvement on performance. Studies using USA data 
indicated that higher private school enrollment had no 
significant effect on performance (Geller, Sjoquist and 
Walker, 2006), and other studies showed a small nega-
tive effect for low-income district (Maranto, Milliman 
and Scott, 2000). The differences in results are related 
to methodological choices, and vary among countries.
  The literature indicates that another major determi-
nant of student performance is family background 
(Coleman et al, 1966). The relationship between fam-
ily background and performance is well understood 
to some extent, but some connections are not so clear 
(Levin & Belfield, 2002). In general, parents with high 
levels of education may spend more time with their 
children and may interact with their children in ways 
that promote better educational outcomes. Also, par-
ents with prestigious careers may become role models 
to their children, who in turn devote more efforts to be 
successful in school (Kohn, 1969). In addition, fam-
ilies from wealthier socioeconomic backgrounds can 
provide a proper study place for their children, such as 
a quiet place, computer, and other resources that can 
enhance and motivate learning. Community may also 
play a role in student performance, since the location 
of the school is related to the types of resources nearby, 
such as libraries and museums, which support learn-
ing outcomes. Students without these privileges might 
find it more difficult to perform well in school. 
   The PISA assessment includes an index of social, 
economic, and cultural status - a broader concept than 
family background. The index is calculated using par-
ents education and occupation, as well household pos-
sessions. The average socioeconomic index of students 
attending a school refers to the school’s socioeconomic 
background. When high performing schools within a 
country are accessible only to students from affluent 
backgrounds, leaving students from disadvantaged 
backgrounds to the least efficient schools, this segrega-
tion leads to high socioeconomic stratification between 
schools. When ‘classes’ of schools are created based on 
the socioeconomic backgrounds of the students the 
consequence is unequal educational opportunities 
and outcomes. Some countries have low levels of so-
cioeconomic stratification in their education systems, 
thereby maximizing equity and social cohesion, along 
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with a high performance on PISA. In most PISA par-
ticipating countries, students that attend private schools 
tend to have a higher average socioeconomic status than 
those who attend public school.
   Socioeconomic stratification between private and 
public schools is more pronounced in some countries 
than others. For example, in Sweden, Finland, Neth-
erlands, the Slovak Republic, Slovenia, Germany, Bel-
gium, Hungary, Luxembourg, and Ireland, over 80% 
of private schools are publicly funded, while in New 
Zealand, Panama, Brazil, Kazakhstan, and Peru, pub-
lic funding accounts for less than 10% of private school 
funding. Results show that socioeconomic stratification 
is not affected by the number of private schools. Howev-
er when private schools are publicly funded there is less 
social stratification between public and private managed 
schools.
   One approach to transferring public funds to private-
ly managed schools is through vouchers and tuition tax 
credits given to parents. Vouchers are classified into two 
types: universal, available to all students, and targeted 
vouchers provided to disadvantaged students.  Both in-
fluence socioeconomic stratification differently. PISA 
scores show that countries with low levels of socioeco-
nomic stratification are overall better performers, ulti-
mately creating policies that promote equity and social 
cohesion without sacrificing strong performance in the 
school system (OECD, 2012). Our study seeks to repli-
cate some of these findings with a particular focus on 
the effects of parental education and the interaction be-
tween public funding and public ownership of schools.
Data
   The data used for this study was retrieved from The 
Program for International Student Assessment (PISA) 
2009 database and the World Bank Education database. 
In 2009, a sample of 470,000 students from 65 countries 
completed the PISA assessment in mathematics, read-
ing, and sciences, representing a population of 26 mil-
lion 15-years olds. In order to provide valid estimates on 
student achievement and characteristics, the program 
enforces international guidelines on each participating 
country to select a diverse sample of students to repre-
sent the full population of 15-years old. Each country is 

required to select a minimum of 4,500 students from at 
least 150 schools, both privately and publicly managed. 
The guidelines also require that samples of 35 students 
be selected with equal probability within schools. More 
specifically, the age of students selected ranges from is 
15 years and 3 months to 16 years and 2 months at the 
beginning of the testing period, and they were in 7th 
grade or higher. The age criteria and exam questions 
enforce PISA’s emphasis on measuring functional skills 
that students have acquired as they approach the end of 
compulsory schooling (Fleischman, Hopstock, Pelczar 
& Shelley, 2010). 
   During the assessment, each student spends approxi-
mately two hours answering multiple-choice questions, 
constructing their own answers, and carrying out tasks 
in reading, mathematics and science. Students also an-
swer a survey about their background, learning hab-
its, attitudes towards reading, their involvement and 
motivation. PISA also reaches out to school principals 
to complete a questionnaire about demographic char-
acteristics, quality of learning environment, and more 
issues related to school operation (OECD, 2010-a).
PISA’s data collection methodology generates a wealth 
of micro-data which is very useful in drawing conclu-
sions on educational outcomes. Since our main goal 
was to observe the impact of parents’ educational back-
ground and the interaction between public funding 
and public management of schools on performance, 
we selected the variables described below in Table 1. 
The PISA data was merged with income data from the 
World Bank’s World Development Indicators. 
   PISA data shows countries with varying income levels 
and number of public schools. Interestingly, the mean 
number of mothers with upper secondary education 
is slightly higher than the number of fathers, although 
the variance is higher for mother’s education.  In Table 
2, we separate countries by income level into approxi-
mately equal two equal sized groups, one group with 
income greater than $25,000 in purchasing power par-
ity (PPP) dollars and the other with income less than 
PPP $25,000.  As one might expect, richer countries 
perform better on all three testing categories in PISA 
than poorer countries. Although there are great so-
cio-economic variations within countries, richer coun-
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tries in general have access to better educational resources and may be able to allocate resources more efficiently 
than a country with lower income per capita.
   In Table 2 countries are separated by income levels (less $25,000 PPP and income more than $25,000 PPP).  There 

are about the same number of countries in each income group.  As expected, high-income level countries perform 
better than low-income level countries in all three subjects.
   In a number of countries, public funding for schools is available regardless of whether a school is publicly or 
privately managed.  For example, the system of providing student vouchers would result in public funds going to 
private schools.  We are interested in whether this is an effective way to improve school quality and Table 5 shows 
the differences in test scores based on whether a government funds schools regardless of whether the school is a 
public or private school. Countries with a higher number of schools subsidized by government funding have 
higher average scores on all three PISA assessments.
Hypothesis and Methodology

Variable Obs Mean Std. Dev. Min Max

Reading Score 58 462.0659 47.28554 361.52 535.88

Math Score 58 462.796 54.34948 359.75 562.02

Science Score 58 468.4848 52.22789 369.35 554.08

Percent 
Public Schools

68 81.77118 22.22892 3.98 100

Percent 
Govt. Funding

63 84.54762 14.0527 43.9 99.8

Gov*Pub 57 64.08063 178.0856 -571.457 638.0826

% of Father’s with 
Upper Secondary 

Education

58 64.70552 18.31788 30.18 93.5

% of Mother’s with 
Upper Secondary 

Education

58 65.91034 20.42483 18.26 94.96

PPP Income per 
Capita

63 $25,393.69 $16,123.66 $2,866.24 $79,351.88

Table 1 - Descriptive Statistics

Table 2 - Mean Score by Income Level
Average Math Score Average Reading Score Average Science Score 

Income less than $25,000PPP 429.6996 433.9829 438.1546
Income more than $25,000PPP 495.945 491.0971 499.3943

Total 462.8223 462.54 468.7745
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   The model we estimate is based on the idea of an educational production function, where the output is the score 
on a test, as well as results from a number of educational inputs such as family background, educational spending 
and policy measures (which would impact the effectiveness with which these variables affect test scores). We use 
PISA scores on reading, mathematics and science as the dependent variables for this paper.  PISA ranks countries 
based on their mean score on each area; they do not provide a collective score of all subjects combined.  While we 
could have simply added the scores together, keeping the data in its raw form from the three subject areas allow us 
to analyze any possible differences between them.  

Govt. Funding Percent 
Public Schools

Mother’s 
Education

Father’s 
Education

Income < $25,000PPP 83.38182 87.767419 61.137097 61.334194
Income > $25,000PPP 86.51071 83.6732 71.611154 68.555385

Table 3 - Mean Values by Country Income Level

   In most countries, educational systems are composed of public and private schools. Public schools are managed 
and funded by the government, while private schools are managed by a non-governmental organization relying on 
public and/or private funding to operate. The PISA database allows researchers to analyze the impact of public and 
private school management and funding on student performance. In Table 4, the mean scores by public schooling 
indicate that countries with a greater number of public schools perform better. Once again, the dividing line of 
90% was chosen so that there were roughly equal numbers of countries in each group.

Average 
Math Score

Average 
Reading Score

Average 
Science Score 

Less than 90% Public 438.7486 445.8659 447.3909

Greater than 90% Public 481.7548 477.911 487.5307

Total 463.2031 464.0876 470.2155

Table 4 - Mean Scores by Public Schooling

Average Math Score Average Reading Score Average Science Score 

Less than 90% Govt. Funding 439.9671 448.3404 449.31

Greater than 90% Govt. 
Funding 

483.2286 474.2996 485.6743

Total 461.5979 461.32 467.4921

Table 5 - Mean Scores by Government Funding
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   The independent variables selected were the country’s 
per capita income (pcippp), percentage of the total fund-
ing for a typical school year that comes from the govern-
ment (%govtfunding), the percentage of public schools 
(%pubschools), the interaction between government 
funding and public schools (%pubschoolsx%govtfund-
ing), the percentage of fathers with upper secondary ed-
ucation or more (FEDU), and the percentage of mothers 
with upper secondary education or more (MEDU).
Economic theory favors private schools over public 
schools for many reasons. First, private schools in gen-
eral enjoy autonomy to define their own curriculum and 
greater flexibility to allocate resources - which may lead 
to more innovation. Second, competition leads to effi-

ciency among private schools that translates into more 
resources to attract better teachers, equipment and in-
frastructure. We test whether students attending pri-
vate schools will have better academic achievement. 
   However, better performance at private schools may 
simply reflect the selection of more affluent students 
who can afford private schools and have access to more 
resources at home. Thus, school type might lose sig-
nificance when family background is controlled for. 
Regardless of whether the school is private or public, 
parents with high levels of schooling are better capable 
to provide more resources for education at home, more 
likely to participate in children’s learning experience, 
and motivate children to be high achievers. 

Math Science Reading PCIPPP Govt. 
Funding 

Percent 
Public 

Schools 

Father’s 
Education

Mother’s 
Education

Math 1.00

Science 0.97* 1.00

Reading 0.95* 0.98* 1.00

PCIPPP 0.57* 0.53* 0.53* 1.00

Govt. 
Funding

0.52* 0.49* 0.43* 0.14 1.00

Percent Public 
Schools

0.18 0.16 0.14 -0.11 0.28* 1.00

Father’s 
Education

0.43* 0.43* 0.38* 0.21 0.57* 0.41* 1.00

Mother’s 
Education

0.50* 0.51* 0.46* 0.24 0.62* 0.37* 0.97* 1.00

 *significant at 5%

Table 6 - Correlation between Variables
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   Additionally, affluent families tend to live in affluent 
communities, which leads to better learning environ-
ments and associations in general, regardless of whether 
the school is publicly or privately-managed. In less afflu-
ent communities, public schools are more likely to have 
difficulty attracting quality educational resources, such 
as quality teacher and administrators, leaving the child 
at a disadvantage especially if the family has low edu-
cation levels. Hypothetically, students from ‘advantaged’ 
background families can afford private school or have 
access to a high quality public school, while disadvan-

taged background family cannot afford private school 
and are limited to a low quality public school. We pre-
dict that allocating public funds to privately managed 
schools will lead to better performance, since the un-
derlying assumption is that disadvantaged children will 
be able to enjoy a better education. 
   Although at first glance the data seems to favor pub-
lic schools, we hypothesize that countries that allocate 
public funds to privately managed schools are better 
performers on PISA. Thus, we include the interactive 
variable between percentage of public schools and per-

Variable Math Score Science Score Reading Score
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Percent 
Public 

Schools

0.4332
(0.3772)

0.3832
(0.3762)

0.2599
(0.3733)

0.2315
(0.3678)

0.2592
(0.3438)

0.2411
(0.3451)

Percent Govt. 
Funding

1.6941***
(0.4668)

0.8703
(0.5191)

1.7312***
(0.462)

0.8785
(0.5075)

1.3424***
(0.4254)

0.6277
(0.4762)

Gov*Pub -0.0645*
(0.0322)

-0.0887*** 
(0.0326)

-0.0567*
(0.0319)

-0.0802***
(0.0319)

-0.0564*
(0.0294)

-0.0757***
(0.0299)

Father’s 
Education

-1.577
(1.1181)

-1.8264
(1.093)

-1.5786
(1.0255)

Mother’s 
Education

2.3002**
(1.0174)

2.5232***
(0.9946)

2.1499**
(0.9332)

per Capita 
Income PPP

0.0013**
(0.0004)

0.0012***
(0.0004)

0.001**
(0.0004)

0.0009**
(0.0004)

0.001***
(0.0003)

0.0008**
(0.0003)

Constant 249.3607***
(42.0554)

279.1216***
(40.6078)

275.1595***
(41.6205)

306.8161***
(39.6964)

304.8187***
(38.323)

331.5608***
(37.2463)

Number of 
Obs.

50 50 50 50 50 50

Adjusted R2 0.4583 0.5288 0.4076 0.4972 0.3634 0.439

Table 7 - Regression Results (Standard Errors in Parenthesis)

***significant at 1% **significant at 5% *significant at 10%
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centage of government funding as a way to measure the 
impact of public funding on different types of schools.  
The coefficient on the interactive term measures wheth-
er an increase in government funding is likely to have 
a different impact on public schools vs. private school.  
For instance, a positive coefficient would suggest that an 
increase in government funding has a higher marginal 
impact on public schools while a negative coefficient 
suggests that additional public funding would be better 
allocated to privately managed schools.
Model 1: 
PISAscore =  β1 + β2(pcippp) + β3(%govtfunding) + β4(%pubschools) 

- β5(%pubschool∙%govtfunding) + e

Model 2: 
PISAscore =  β1 + β2(pcippp) + β3(%govtfunding) + β4(%pubschools) - 

β5(%pubschool∙%govtfunding) - β6(FEDU) + β7(MEDU) + e

Results for both models are shown in Table 7.  The esti-
mates are ordinary least squares, obtained using Stata.
Results
   Even though the model is constrained to 50 observa-
tions, the results turned out very close to what was ex-
pected.  Model 1 does not include parents’ education.  In 
both models, the country’s income level has a significant 
and positive impact on test scores.  As one might expect, 
countries with more resources can improve test scores.  
Equally, public schools do not have any clear advantage 
over private schools when it comes to educational qual-
ity.  The effects of public spending on schools are gener-
ally positive. 
   The regression results reported in Table 7 show that the 
proportion or percentage of public schools have a sig-
nificant effect on test scores in science, mathematics, or 
reading. Government funding of education has a posi-
tive impact, and based on the interactive term – which is 
negative and significant – increasing government spend-
ing for a given percentage of public schools has a nega-
tive effect on math, science, and reading scores. There 
are a few possible explanations as to why this might oc-
cur.  First, the level of government spending in public 
schools is quite high and the marginal effect of an extra 

dollar spent in the public schools may be lower sim-
ply because of diminishing returns.  Second, the mon-
ey may in fact be better managed in private schools, 
resulting in a bigger improvement in scores. Lastly, it 
is possible that public funding of private schools may 
reduce the social stratification of schools and reduce 
the effect of affluence, allowing poorer students access 
to better schools.
   When the parents’ educational background is includ-
ed in Model 2, we observe a significant and positive 
impact of mother’s education on student performance, 
but not of father’s education. The results suggest that 
mother’s background is more important than father’s 
background in predicting academic achievement, but 
this result may be a result of the lack of variation in 
father’s educational attainment. The results might also 
reflect the importance of mothers in the household in 
helping children with their assignments/homework. In 
developing countries, mothers play a more important 
role in with regards to training and nurturing children. 
Note that the two variables are highly correlated and 
this could just be a statistical problem.  
   The effects of public spending on education are stron-
ger when we include variables reflecting parental educa-
tion.  This is surprising since we do expect that families 
with higher levels of parental education are more likely 
to be affluent and live in areas with better schools as 
well as providing the resources for students to perform 
better.   The government spending variable is signifi-
cant when we add parental background.  This suggests 
that schools with higher government spending were 
probably associated with more affluent families. The 
interaction between government spending and public 
schools is still significant and negative.  This finding 
suggests that public money going to public schools has 
a slightly more negative impact on academic perfor-
mance than money going to private schools, even after 
controlling for family background.  We can speculate 
that public funding through programs such as voucher 
programs for children in poor families may mitigate 
some of the familial effects of lack of parental educa-
tion in such families.
Conclusion
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   If education is a fundamental element of a sustainable 
development strategy, it is important to ensure educa-
tional quality along with more access to education. This 
paper investigated factors that explain country per-
formance on the PISA assessment. Although encom-
passing all the elements that lead to academic success 
is a daunting task, by using PISA data this study was 
able to demonstrate some correlations between perfor-
mance and country income, family background, type 
of school, as well as funding methods. Not surprising-
ly, high-income countries perform better than low-in-
come countries. Countries with a higher percentage 
of public schools perform no better than countries 
with fewer public schools (and by default more pri-
vate schools) after controlling for family background.  
However, public funding to privately managed school 
may improve performance.  Also, mother’s education 
plays a very important role and suggests that early 
childhood education programs may help children of 
less educated mothers achieve academic success. 
   Countries are able to make better decisions con-
cerning education policy when utilizing cross-coun-
try student performance data as opposed to how long 
students have been in school. Currently international 
assessments provide unique data concerning both the 
various factors that influence achievement as well as 
the impact of skills on social and economic outcomes. 
Even our simple study suggests that parental back-
ground and public funding play an important role in 
ensuring educational quality.  While countries can 
strive to increase female educational attainment in or-
der to enhance educational quality for children, it is 
important to mitigate these parental effects for children 
of uneducated parents through school involvement 
and possibly early childhood education programs.   
   The role of public funding is more nuanced.  At first 
glance, higher scores seem to be associated with public 
schooling and public funding of all schools.  Howev-
er, using a slightly different methodology we find that 
additional public dollars spent on public schools do 
not have a positive effect.  In fact, public funds may be 
more effective when distributed to private schools.
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Feeding Patterns Influence Brain Development in Infancy
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Abstract.    Breastfeeding has been shown to promote more optimal neurodevelopmental outcomes 
(Jing, Gilchrist, Badger, & Pivik, 2010). The present study examined feeding patterns and infant brain 
development, using electroencephalograph (EEG) coherence (a measure of the relationship of two dif-
ferent electrode sites across regions). 113 mothers and their 1- and 3-month old infants participated. At 
each age, EEG was obtained from frontal (F3, F4), central (C3, C4), parietal (P3, P4) and occipital (O1, 
O2) sites. A series of repeated-measures multivariate analysis of variance (MANOVA) yielded signifi-
cant effects, with greater coherence from the frontal region to parietal regions and central to occipital 
region for breastfed compared to bottle-fed infants. Multiple regression analyses showed that feeding 
type (longer duration of breastfeeding) and quality of feeding type (exclusively breastfeeding) unique-
ly predict more optimal brain patterns in the left hemisphere (and greater coherence from anterior to 
posterior regions). Findings from the study indicate that infants who are breastfed show more mature 
patterns of brain development. 

Introduction
   An abundance of research has emphasized the ben-
efits of breastfeeding on infant health. The nutrition-
al advantages of breastfeeding have been associated 
with increased health in a host of developmental ar-
eas including physiological, psychological, and cogni-
tive development (Leung, & Sauve, 2005). As of 2011, 
the World Health Organization (WHO) recommends 
that for optimum health and development, mothers 
should exclusively breastfeed their infants for the first 
six months of the infant’s life and continue with par-
tial breastfeeding up until the infant is two years of 
age or later. The WHO defines exclusive breastfeeding 
as, “the infant has received only breast milk from his/
her mother or a wet nurse, or expressed milk and no 
other liquids or solids, with the exception of drops of 
syrups consisting of vitamins, mineral supplements, 
or medicines.” The purpose of the present study is to 
examine the effects of different feeding patterns on 
infant’s brain development.
Human Milk vs. Formula Milk

   The composition of breast milk versus formula 
milk, and the feeding method, breast versus bottle, 
has been shown to influence the development of the 
central nervous system as well as behavioral devel-

opment (Jing, Gilchrist, Badger, & Pivik, 2010). Studies 
have demonstrated that breastfed infants show enhanced 
activation patterns across a number of brain regions and 
across hemispheric connections.
   Human milk is, biologically, what infants are intended 
to consume. According to the WHO, breast milk provides 
all of the necessary energy and nutrients an infant needs 
in his or her first few months of life. In a meta-analysis 
performed on 11 studies relating breastfeeding to devel-
opment, Anderson, Johnstone and Remley (1999) found 
that exclusive breastfeeding led to more rapid brain de-
velopment and overall enhanced brain function. Another 
study found that breastfeeding enhances all of the follow-
ing areas of development: cognition, visual function, mo-
tor function, emotional adaption, behavioral adaptation, 
and better performance academically (Petryk, Harris, & 
Jongbloed, 2007).
   There have been many efforts to imitate the composi-
tion of breast milk in formula milk, but none have been 
able to replicate all of the advantages that breast milk 
offers (Banapurmath, Banapurmath, & Kesaree, 1996; 
Heird, 2007). Many studies indicate that the advantag-
es of breast milk may be due to the long-chain polyun-
saturated fatty acids (LCPUFAs) that are abundant in 
breast milk up until the infant is four to six months of 
age (Petryk et al., 2007; Xiang, Alfven, Blennow, Trygg 
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& Zettserstrom, 2000). The LCPUFAs that are studied 
most widely are docosahexaenoic acid (DHA) and ar-
achidonic acid (AA). It is thought that the lack of these 
LCPUFAs in formula milk can lead to disadvantages in 
the development of the central nervous system (Faldella, 
Aceti, & Corvaglia, 2011; Jing et al., 2010; Khedr, Far-
ghaly, El-Din Amry & Osman, 2004). 
   McNeil, Labbok, and Abrahams (2010) point out that 
despite the abundance of research supporting breast-
feeding as the superior feeding method, breastfeeding 
is not considered to be the preferred practice for many 
families; it is often formula use and bottle use that is used 
as the standard for infant feeding. The current study ex-
amined the physiological and psychological advantages 
that make breastfeeding superior to formula feeding.
Factors Affecting Feeding Type

   According to the Center for Disease Control and 
Prevention’s (CDC) 2011 Breastfeeding Report Card, 
breastfeeding initiation in the United States is near the 
Healthy People 2010 goal of 75%. However, rates of 
breastfeeding at six months and one year fall well be-
low the goals of 50% and 25%, respectively. For instance, 
rates for exclusive breastfeeding were lower than target-
ed, with only 36% of mothers feeding their infants breast 
milk at three months and less than half of that (16.3%) 
exclusively breastfeeding at six months. In general, the 
numbers indicate that while many mothers initiate 
breastfeeding, they do not continue to do so for more 
than the first few weeks of their infant’s life. 
   The decrease in rate of breastfeeding is due to mul-
tiple factors. Cultural and societal attitudes towards 
breastfeeding, as well as the necessity of returning to 
a workplace environment that commonly discourages 
mother-infant feeding patterns effects both a mother’s 
choice to breastfeed and how long she breastfeeds for 
(Heird, 2007). The lack of breastfeeding support pro-
grams, particularly amongst women of low socioeco-
nomic status, is also believed to play a role in women’s 
decision to breastfeed (Bolton, Chow, Benton & Olson, 
2009). Mothers’ most commonly self-reported reason 
for ending breastfeeding is they feel their infant is not 
satisfied by breast milk alone (Fein, Grummer-Strawn, 
& Raju, 2010). This study aims to add new data that will 

further emphasize the nutritional and neural benefits 
that breastfeeding offers to infants.
Early Experience Affects Development

   Experiences, including feeding experiences, in in-
fancy are thought to have a profound affect on later 
development (Fox & Rutter, 2010; Lamb, Bornstein & 
Teti, 2002). Lamb and his colleagues (2002) attribute 
this to factors such as the plasticity of the immature 
nervous system and infants’ unrivaled ability for learn-
ing. Being that infants have few sources of input into 
their lives, their feeding experiences and patterns play 
a significant role in their development.
   In a recent study, infants who were breastfed were 
rated as having more positive and approach-oriented 
individual characteristics than infants who were bot-
tle-fed. This was found to be true even of infants born 
to depressed mothers (Jones, McFall, & Diego, 2004). 
These findings may have implications for the develop-
mental outcomes in breastfed versus formula fed in-
fants.
Psychological Processes Associated with Feeding Type

   A longitudinal study comparing the effects of feed-
ing type on EEG activity performed by Jing and col-
leagues (2010) reported differences between breastfed, 
milk formula-fed, and soy formula-fed infants. They 
found significant differences on EEG power scores 
between the breast-fed and formula-fed infants but 
found similar EEG power scores between the milk for-
mula fed and soy formula fed infants. EEG power is a 
measurement of the wattage of power released across 
time by a specific electrode as compared to a reference 
electrode within the frequency spectrum. Historical-
ly higher power scores in alpha frequency bands have 
been associated with less neural activity (Allen, Coan 
& Nazarian, 2004; Jones, 1994). Results from the Jing’s 
study displayed lower power scores for the breast fed 
infants indicating greater EEG maturation and greater 
neural development in the breastfed infants over the 
formula-fed infants.
   While EEG power scores have been shown to be a sig-
nificant indicator of infant neural development (Jing et 
al., 2010; Jones et al., 2004), EEG coherence needs to be 
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further looked at because EEG power does not offer the 
same type associations offered by EEG coherence such 
as “spatial resolution and network analysis” (Thatcher, 
Walker & Guidice, 1986). According to Cuevas, Raj, & 
Bell (2012) “EEG coherence is the squared cross-correla-
tion between two scalp electrode sites within a designat-
ed frequency band.” The values of coherence indicate the 
amount of communication between the two sites (Cue-
vas & Bell, 2011; Thatcher, North, & Biver, 2005). Due to 
the range of differences between electrode sites, coher-
ence consists of both long and short bands. Coherence 
values range from zero to one. Zero represents no rela-
tion between the two sites (suggesting the two sites are 
acting independently of each other) and one represents 
the two sites are completely in relation with each other; 
that is, they are exhibiting synchronization of the neu-
ral oscillations (Fox, Schmidt, Henderson & Marshall, 
2004; Murias, Webb, Greenson & Dawson, 2007).
   There have been few studies relating early feeding pat-
terns to EEG development (Jing et al. 2010). Jing and 
colleagues point out that studies that have previously 
related diet/nutrition and EEG have not looked direct-
ly at diets influences on EEG development. A review of 
the literature has examined measures of EEG coherence 
in the context of mother-infant feeding patterns across 
the first few months of development. There have been no 
studies previously conducted in which the development 
of EEG coherence is directly related to early infant nutri-
tion. This study aims to investigate the effects of feeding 
and level of breastfeeding on EEG coherence in order to 
understand how feeding affects the development of the 
brain during infancy.
The Developing Infant Brain

   The development of the brain is a process that pro-
ceeds well into adolescence. Therefore, neurodevelop-
ment and behavioral abilities emerge over time. In fact, 
the frontal lobes of the brain do not reach maturity until 
the age of 16-18 years old (Kolb & Whishaw, 2003) and 
the left hemisphere is more protracted than the right 
hemisphere during development (Bell & Fox, 1992). 
It is because of this slow process during development 
that we should expect to see significant differences in 
the brains of infants as compared to the brains of older 

children and adults. In adults, the dominant frequency 
band is labeled alpha and is found in the 8-13 Hz range 
(Stroganova, Orekhova, & Posikera, 1999). It is most 
logical then to label the dominant band in infants “al-
pha.” Because infant EEG is at a much lower frequency 
than adult EEG this band in infants is found at a lower 
range, most commonly agreed to be the 6-9 Hz range 
for the second half of the first year of life (Bell & Wolfe, 
2007; Stroganova et al, 1999) and in the 3-6 Hz range 
for infants younger than 3 months (Jones et al., 2004). 
A study by Stroganova et al. (1999) found the devel-
opmental changes of alpha rhythm proceeds from the 
posterior to anterior regions of the brain.
   The present study will be examining infant EEG co-
herence at both one and three months of age, including 
anterior to posterior region communications and with-
in hemisphere communications. Scores for both the 3-6 
Hz band and 6-9 Hz band will be analyzed from each 
visit to take into account the assumption that younger 
infants (infants in the first half of their first year of life) 
should have even lower frequency than infants in the 
second half of their first year of life.
Levels and Duration of Feeding

   It is crucial to define the different levels of infant feed-
ing in order to test for differences in breastfed infants 
compared to formula-fed infants. Clear categories be-
tween the two must be defined to prevent results from 
being confounded by variables such as the level of nu-
trients the infant is receiving (Petryk et al., 2007). The 
levels of breastfeeding are defined as follows: Exclusive 
breastfeeding: Infant receives only breast milk. Almost 
exclusive: Infant is predominantly fed breast milk but 
may receive tastes of other liquids such as water or wa-
ter-based drinks. Partial breastfeeding: Infant receives 
both breast milk and other feeds such as formula milk 
and/or cereals. This category can be split into high, me-
dium, or low based on the amount of calories an infant 
receives of each type of feed. Token: Breastfeeding is 
minimal (less than 10% of nutrition is provided from 
breast milk. Exclusive formula feeding: Infant receives 
no breast milk, directly or expressed. These levels are 
based on the International Group for Action on Breast-
feeding Consortium (IGAB) definitions. Without these 

24



FAURJ

Volume 3, Issue 1 Spring 2014

levels, we are unable to establish the effect of feeding type 
on infant development. 
   It is thought that not only type of feeding, but also 
duration of type of feeding, that is, the length of time 
a mother breastfeeds or bottle feeds her infant across 
infancy (Kramer et al. 2008) also plays a role in infant 
development. Therefore, not only breastfeeding, but also 
how long an infant is breastfed for should show an effect 
when testing for differences between breastfeeding and 
formula feeding (Harmon-Jones, 2006).
Purpose and Hypothesis
   The present study will examine infant feeding patterns 
and EEG measures. Specifically, the effects of level of 
breastfeeding compared to primarily formula feeding 
will be examined in relation to measures of EEG coher-
ence across different regions and within the two hemi-
sphere of the brain during the first three months of life. 
The aim of the study is to examine which feeding meth-
od displays the greatest coherence between electrode 
sites and for each hemisphere as a measure indicating 
neural integrity and communication. 
   It was hypothesized that infants who were exclusive-
ly breastfed would have the greatest coherence between 
measured electrode sites (taking into account underly-
ing differences due to long and short coherence distanc-
es) and that the partially breastfed infants and the for-
mula fed infants would display lower coherence between 
the measured electrode sites. It was also expected that 
breastfed infants would demonstrate greater coherence 
in left hemisphere that are more anterior in regional lo-
cation by 3-months than formula fed infants.
Methods
Participants

A total of 113 healthy infants and their mothers were 
participants in this study. They were recruited from 
birth announcements placed in local newspapers, lac-
tation centers, and hospitals. Families were predomi-
nantly White (86% Caucasian, 9.3% African American, 
1.2% Hispanic, and 3.5% mixed race). Infants were born 
full-term (more than 37 weeks gestation) to primarily 
middle-class (self reported on Hollingshead scale = 2.6) 
adult women (mean age = 30.0 years, S.D. = 5.0 years).

   All 113 mother-infant dyads participated in a labora-
tory visit when the infant was one month of age (mean 
age = 37.14 days, S.D. = 5.88 days). Of these, 86 were 
included in the coherence analysis. Eighty-seven of the 
original 113 mother-infant dyads returned for a second 
laboratory visit when the infant was three months of 
age (mean age = 95.0 days, S.D. = 11.4 days). Of these 
59 were included in the EEG coherence analysis.
   Infant demographics were similar across feeding type 
(Table 1). Mothers who breastfed their infants were, on 
average, 31.18 (S.D. = 4.77) years of age and were mid-
dle income (a Hollingshead score of 2.44, S.D. = 0.99). 
Mothers who bottle fed their infants were, on average, 
28.83 (S.D. = 6.95) years of age and were also middle 
income (a Hollingshead score of 2.96, S.D. = 0.85).
Feeding Type

   The IGAB Consortium definitions were used to de-
termine whether mothers were full breast feeders, par-
tial breast feeders, or token breast feeders (Labbok, 
2000). For the purpose of this experiment, we used 
full breast-feeding, exclusive breast-feeding and almost 
exclusive breast-feeding as encompassing the same 
metric. Partial breast-feeding included mothers who 
breastfed for a minimum of three weeks up to almost 
exclusive and token breast feeding included mothers 
who breastfed for less than three weeks or not at all (all 
bottle feeding). 
   The following are the number of infants in each feed-
ing group who were included in the EEG coherence 
analysis. In the full breastfeeding group there were 39 
participants at one-month and 32 participants at three-
months. In the partial breastfeeding group there were 
28 participants at one-month and 17 participants at 
three-months. In the token breastfeeding group there 
were 19 participants at one-month and 10 participants 
at three-months. 
   Florida Atlantic University’s Institutional Review 
Board approved the study. Parent participation was 
voluntary and infant’s participation was obtained by 
parent consent. Participants were treated in accordance 
with APA ethical standards.
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Procedure and Materials
1 Month Visit

   The mother-infant dyads came to the laboratory for the 
visit. Upon arrival mothers signed consent forms and 
filled out demographic and feeding questionnaires. The 
Hollingshead Scale was based on four factors: marital 
status, gender, education, and occupation. The feeding 
interview was based on experiences in feeding the infant 
and included the length of time for breastfeeding as well 
as experiences and quantity of all other foods ingested 
(including formula type and amount, if applicable).
   Following an initial play interaction mothers were 
asked to feed their infants. The feeding session lasted as 
long as it took for the mother to feed her infant. Once 
the infant began feeding, the mother-infant dyad was 
left alone. Methods of feeding included breastfeeding or 
formula feeding. Other foods were reported on but were 
not observed. Both mother and infant were videotaped 
during the session. Infant EEG was also collected during 
each session at a time when the infants were maximally 
alert and non-distressed. Infant EEG was obtained from 
3-5 minutes.
3 Month Visit

   Procedures conduced at the three-month visit were 
identical to that of the one-month visit.
Physiological Recordings

   EEG recordings were obtained using equipment man-
ufactured by James Long, Inc. A stretchable lycra cap, 
manufactured by Electro Cap, Inc., with the interna-
tional 10-20 system was used. Eight electrode sites were 
measured; electrode gel was inserted for good conduc-
tance and Omni prep was inserted to gently abrade the 
specific sites. The vertex, Cz, was used as a reference for 
the on-line recordings. The recordings were taken from 
frontal, central, parietal and occipital sites, specifically 
sites F3 and F4, C3 and C4, P3 and P4, and O1 and 02, 
respectively. Sites were re-abraded if impedances were 
not less than 5K ohms. Eye movement artifacts were 
removed from the EEG data using EOG obtained from 
the outer cathus and the supra-orbit position of one eye 
(Beckman mini electrodes were used). 

   Electrical signals from the EEG were amplified with 
filters bandpassed from 1-100 Hz using Instrumen-
tal Bioamps. After being streamed onto a computer 
screen, data was saved and analyzed using Snapstream 
data acquisition software (v. 3.21, HEM Data Corp., 
1991). The online sampling rate of the EEG data was 
digitized at 512 samples per second for each channel.
Data Reduction and Analysis

   To examine the relationship between feeding type and 
infant neural activity, participants were categorized 
into three groups: exclusive/full breast feeders, partial 
breast feeders, and bottle feeders/token breast feeders. 
   EEG coherence is a statistical procedure used to mea-
sure the relationship of two specific electrode sites at a 
specific frequency band. As noted previously we used 
2 infant-specific frequency bands, one from 3-6 and 
the other from 6-9 Hz. Coherence consists of both long 
and short bands with values ranging from 0-1. 0 rep-
resents no relation and 1 represents the two sites either 
being completely in or out of relation with each other 
(Fox et al., 2004; Grieve, 2008). Calculating the rela-
tionship of the bands within each hemisphere was used 
in the analysis of EEG coherence. The specific sites for 
each hemisphere measured were: F3 + C3, F3 + P3, F3 
+ O1, C3 + P3, C3 + O1, P3 + O1, F4 + C4, F4 + P4, F4 
+ O2, C4 + P4, C4 + O2, and P4 + O2.
Statistical Analysis

   To assess EEG coherence as a function of feeding 
type, average EEG coherence values were computed for 
each hemisphere to examine which electrode site pairs 
displayed the greatest coherence. The 3-6 Hz frequency 
band was used for the one-month old infants and the 
6-9 Hz frequency band was used for the three-month 
old infants.
   Multivariate analyses of variances (MANOVAs) were 
conducted to examine each of the research questions. 
The within-subjects factors consisted of region, length 
(short or long), hemisphere, and age. The between-sub-
jects factor was feeding type (breast or bottle). Feeding 
differences, breast versus bottle, and duration of type 
of feeding, full, partial, or token, was of particular in-
terest in our EEG coherence analysis. Level of feeding 
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was compared across brain regions and for left versus 
right hemispheres, to determine if there was a signifi-
cant difference in regional development for infants who 
received breast milk compared to infants who received 
formula milk.
   Multiple regression analyses were conducted to ex-
amine the degree to which breastfeeding duration and 
quality of feeding-type predicted brain development 
parameters (region, short/long and hemisphere) in the 
three-month old infants.
EEG Coherence

   Overall, a series of repeated measures MANOVAs 
performed on the EEG coherence values demonstrated 
significant effects for infant feeding type on infant EEG 
coherence. Table 2 displays the mean values. For mea-
sures of EEG coherence at 1- and 3-months, a significant 
4-way interaction was obtained only for the 3-month-
old infants between region (anterior vs. posterior), 
length of communication (short, medium, and long), 
side (left hemisphere vs. right hemisphere), and feeding 
type (breast vs. bottle). Significant main effects were ob-
tained across region, F (1,57) = 50.28. p <.000, indicating 
differential influence of the anterior and posterior leads. 
Thus further analyses were conducted separately for an-
terior and posterior regions.
   To assess our main hypothesis, a subsequent MANO-
VA comparing communication from the frontal region 
to other regions showed a significant 3-way interaction 
for length, side, and feeding type, F (1,57) = 4.44 p <.05. 
As noted in the figure (see figures 1 & 2), the pattern of 
EEG coherence differed, with breastfeeding infants ex-
hibiting a pattern of greater coherence values, theoret-
ically indicating greater coherence between the frontal 
region and all other sites.
   Multiple regression analyses (Table 3) showed that 
both duration of feeding type and quality of feeding type 
uniquely predict infant’s brain development at 3-months 
of age for the F3 + P3 and C3 + O1 intrahemispheric 
brain communication. No significant regression effects 
were obtained for the right-sided brain communication.
 

Discussion and Conclusion
Overview of Results

   The goal of the present study was to determine the 
influences of different feeding patterns on infant brain 
development. As hypothesized, breastfed infants dis-
played greater communication between measured elec-
trode sites than did bottle fed infants. This is consistent 
with findings from previous studies that emphasize 
breast-feeding promotes optimal neurodevelopment 
outcomes (Jing et al., 2010; Jones et al., 2004).
   At three-months there were developmental differ-
ences found within frontal and posterior regions of the 
brain. This may be indicative of the impact of breast-
feeding duration on brain development, suggesting 
that by three months of age infants who are exclusively 
breastfed may have more mature brain development in 
the frontal region of their brain. 
   Thatcher and his colleagues (1987) found that the 
left and right cerebral hemispheres develop at different 
rates and that within the hemispheres different specif-
ic anatomical connections develop at different rates: it 
was found that right frontal-occipital region developed 
earlier than the left frontal-occipital region. This is con-
sistent with findings from our study but our study ex-
tends this by demonstrating that left hemisphere com-
munication was more mature in breastfed infants by 
3-months. It must also be noted that within the fron-
tal-occipital region it was found that the full breast-fed 
infants displayed the greatest coherence, followed by 
the partial breast-fed infants and token breast-fed in-
fants, respectively. This supports our hypothesis that 
feeding type plays a role in optimal brain maturation. 
   In addition, Thatcher et al. (1987) found that the right 
frontal pole developed earlier than the left frontal pole. 
Results from our coherence analysis displayed more 
consistent coherence scores across the right hemisphere 
than the homologous left hemisphere with not only 
more variance in left hemisphere coherence scores but 
also more mature development as displayed through 
higher coherence values for the breastfed infants. This 
suggests that feeding type may be playing a role in de-
velopment of particularly the frontal region and the left 
hemisphere, a hemisphere and region linked to the de-
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Table 1 
Infant Demographics
Measure 1 Month 3 Month

Breastfeeding
62

Bottle feeding 
24 

Breastfeeding 
44

Bottle feeding

Infant Variables
Female (%) 53 62 48 47
Age (days) 38.67 (4.96) 36 (6.1) 93.60 (10.24) 95.47 (12.85)

 Note. Values represent mean scores. Standard deviations are in the parentheses
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Table 2
EEG Coherence Scores
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Table 3
Regression Analyses of 3 - month Feeding Duration and Quality and 3 - month Left and Right Hemisphere 
Coherence as a Predictor of Brain Development
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Figure 1 – Right intrahemispheric coherence scores for the 3-month old infants as a function of feeding type.

Figure 2 – Left intrahemispheric coherence scores for the 3-month old infants as a function of feeding type.
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velopment of positive affect and approach styles (Fox et 
al., 2007).
Study Limitations

   A limitation of this study was attrition. In some cas-
es application of the EEG cap was difficulty and limited 
data were available due to movement artifact. This re-
sulted in the absence of some infant EEG across ages. 
Also, in some cases there were missing leads (due to 
movement artifact or high impedances) in the EEG data, 
resulting in the EEG data being unusable for the coher-
ence analyses. 
   In addition, the classification of feeding status pro-
posed a limitation on the study. Mothers were broken up 
into three groups based on the limitations of the sample 
size: full breastfeeding which included exclusive breast-
feeding and almost-exclusive breastfeeding, partial 
breastfeeding which included mothers who breast-fed 
their infants at least some breast-milk for a minimum 
of three weeks and token breast-feeding which included 
mothers who breastfed their infants for less than three 
weeks or not at all. Drane and Logemann (2000) found 
that studies that differentiated between partial and ex-
clusive breast feeding found larger effect sizes than stud-
ies that grouped them together. Therefore, had we had 
a larger sample and been able to have these categories 
broken down more rigidly with exclusive breast feeders 
placed in their own group and partial breast-feeders bro-
ken up into several groups including high, medium, and 
low, our results may have had been less diffuse.
Future Research

   The present study examined whether feeding type 
influences infant brain development at one- and three-
months of age. However, previous studies have sug-
gested that feeding type may play a role in brain de-
velopment throughout life (Drane & Logemann, 2000; 
Fladella, Aceti, & Corvaglia 2011). “Thus, a longitudinal 
study across the infancy and early development in which 
feeding types affect on all types of brain processes (e.g. 
coherence, asymmetry as well as fMRI) are examined 
would be beneficial to see if it breast milk continues to 
play a role on brain development throughout the lifes-
pan and in what areas of development, including cogni-

tion, affective and physiological development.”
   A study by Thatcher, North, and Biver (2008) found 
age-related increases in EEG coherence values up until 
four years of age. This suggests that coherence scores 
are efficient in determining if feeding type effects brain 
development into childhood and should be used by 
subsequent researchers in determining the longitudi-
nal effects of feeding type.
Concluding Remarks

   These data provide a unique contribution to the liter-
ature as EEG coherence measures had yet to be looked 
at in relation to infant feeding patterns. Data from this 
study suggest that the quality and duration of breast-
feeding play a pivotal role in infant brain development.
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Abstract.    This paper explores the nature of process in the cultivation of morality and character during 
the time of Confucius. The research denotes particular attention to the concept of the character of a 
gentleman, a phrase which is referenced throughout Confucius’ Analects. The argument is made that 
the phrase ‘gentleman,’ does not inherently designate characteristics which are gender specific, but in 
actuality characteristics which are gender neutral and can be attributable to both sexes. Furthermore, 
it is illustrated through Confucius’ and Mencius’ writings (Mencius was a Chinese philosopher and 
student of Confucian philosophy, who lived during the 4th century) that the attainment of the status of 
gentleman was one which was meritocratic and based upon continual self-cultivation and transforma-
tion of character. This was a dualistic process involving the recognition of one’s fallible nature and the 
consequent need for self-examination and self-correction. According to Confucian philosophy, a signif-
icant aspect of the cultivation of one’s character was to be found through the individual’s development of 
interpersonal relationships. Consequently, these interactions with others were to be viewed as a vehicle 
for altruism and not as a means for satisfying one’s own needs.  It was believed that by this dualistic 
process that one could, ultimately, evoke the most impact for good upon one’s surrounding world and 
the government of the state.   

   Confucianism emerged under the Zhou Dynasty 
in China. It was during this period that Kongzi, also 
known as Confucius, felt the nation was unduly suf-
fering due to the inadequate leadership at that time. 
He believed that those governing the nation were 
doing so with the objective of their own self-interest, 
as opposed to that of their fellow countrymen. Con-
fucius held that the conduct and disposition of his 
contemporary government and its leaders were hav-
ing a negative effect upon the character and actions 
of the people. He believed that the honoring of tradi-
tional ritual forms and a reawakening to classical Chi-
nese writing of its ‘Golden Age’ could return the na-
tion to the state of excellence it once held. Confucius 
sought to embody these qualities through the concept 
of the junzi or “gentleman.”1  
   This paper will argue that Confucianism held to 
the belief that a person’s growth as a “gentleman” of 
character necessitated his interaction with others 
and the development of interpersonal relationships. 
It was believed that in order to receive the ultimate 

value of connection with other people, one must first 
have an understanding of his or her own fallible nature. 
Consequently, the self-development of an individual was 
deemed a two-fold process in which the need for humil-
ity and the recognition of an imperfect nature were rec-
ognized. As Confucius observed, it was only through the 
realization that this self-examination and self-correction 
was to be a lifelong process that an individual would be 
able to benefit both themselves and other people.  Oth-
ers would gain from the individual’s self-cultivation by 
means of the natural outward flow of virtue from the indi-
vidual to the family, and then to the greater society itself, 
ultimately bringing about peace and security.  Moreover, 
it can be argued that if one holds to these qualifications 
of what constitutes a gentleman in Confucian thought, 
along with the subsequent meritocratic processes en-
tailed, one can see that the characteristics of a gentleman 
are not inherently gender specific, but rather, are ones to 
which any gender may aspire.2  Therefore, understanding 
the egalitarian side of Confucianism, particularly as it re-
lates to women, represents an important revisionist trend 
that has been developing over the past 15 years. Previous 
scholarship dismissed Confucianism and most of tradi-
tional Asian culture as oppressive and misogynist.

______________ 
1Philip J. Ivanhoe and Bryan W. Van Norden ed., Readings in Classical Chinese 
 Philosophies (Indianapolis: Hackett Publishing Company, 2001), 1-2.
2Chenyang Li, “The Confucian Concept of Jen and the Feminist Ethics of Care:   
 A Comparative Study,” Hypatia 9, no. 1 (Winter 1994):71.
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   Firstly, the traditional characteristics of a “gentlemen” 
during the period of Confucius will be explored. Confu-
cian scholar, Chen Lisheng’s analysis of the Analects will 
be evaluated in the context of understanding the con-
cept of a ‘man’ during the period of Confucius.  The im-
portance of positive inter-personal relationships to the 
proper rearing of young men will be examined through 
the works of historian Norman Kutcher, whose area of 
specialty is Chinese history. Professor of Asian Philos-
ophy Huaiyu Wang’s evaluation of the use of the Chi-
nese words Gantong and Ren will also be explored. In 
addition, the similarities in which feminist thought and 
Confucian morality share comparable virtues will be 
evaluated by Professor of Chinese Philosophy Chenyang 
Li. The ways in which Confucian scholar Roger Ames 
concurs with Chenyang Li’s use of the words Jen and 
Ren will be elucidated. Finally, the primary source writ-
ings of both Confucius and Mencius will be considered. 
Mencius, a Chinese philosopher, was thought to have 
incorporated much of Confucian thought into his own 
writings. It will be shown that Confucianism’s concept of 
a “gentleman” is relevant to both genders, because its in-
herent definition is one that is based upon a meritocratic 
foundation as opposed to the innate characteristics with 
which one is endowed.
   Within Confucianism, the daily interaction that one 
had with others was considered the vehicle through 
which the process of inner transformation and char-
acter development were achieved in order to become a 
gentleman. It was through regular communication and 
contact with others, primarily through associations but 
also in daily interactions, that a person could achieve 
true transformation of character. Through the untir-
ing pursuit of this process, as Confucius remarked in 
the Analects, an individual’s character was developed. 
If regular communication is the avenue through which 
one becomes a gentleman, then one can argue that the 
criteria for becoming a gentleman are not gender specif-
ic. Rather, they are attainable to all those who aspire to a 
higher level of morality and personhood. According to 
Confucius, one striving to become a gentleman would 

come to understand that his role in these interactions 
was to learn from others, assist them, and to recognize 
that these relationships were not to be seen as a means 
of personal gain or self-validation.3

   The existing scholarship on Confucianism and its 
core reflect a belief that in order to have an impact 
upon society one must first look inward and undergo 
a process of self-correction. This process of self-exam-
ination was exemplified by the question common in 
Confucius’ time, “What makes a man?”4  For Confu-
cianism, the constitution of a gentleman does not stem 
from physical valor. Rather, it arises from the ability 
to continually examine the inner-self and question the 
motivation behind one’s actions and to use life’s cir-
cumstances as a continuous means of improvement. 
Recent scholarship has questioned whether Confu-
cianism can stand parallel to feminism, since the char-
acteristics advocated by Confucius were not of a phys-
ical nature, but could be embodied by both males and 
females.5 
   Both Mencius and Xunzi, students of Confucianism, 
agreed that pure “boldness,” if not used with the right 
intention, can be dangerous and detrimental to oneself 
and others. Confucius stated, ‘being bold yet with fear 
for nothing implies greed.’6 According to these scholars, 
therefore, there are two types of courage -- one fueled 
simply by unadulterated passion and drive, and anoth-
er wherein energy and ambition have been trained and 
directed towards altruistic and noble purposes. Xunzi 
drew a comparison between dogs and pigs and those 
who allow themselves to be led by their untempered 
impulses, implying that those who are driven by cor-
poreal desires, such as food, drink and money, are like 
animals that are compelled by pure “vigor, which is the 
inferior kind of courage.”7  Instead, it is suggested that 
one must continually train and monitor his emotions 
and have the ‘love of learning’ in order to achieve true 
courage.8 Therefore, a person’s true courage is found in 
their noble and altruistic actions on behalf of others.
   Likewise, Norman Kutcher has argued that a signif-
icant aspect of life for men within the Chinese culture 
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Hackett Publishing Company, 2001), 23. 
4Chen Lisheng, “Courage in The Analects: A Genealogical Survey of the Confucian 
Virtue of Courage,” Frontiers of  Philosophy in China 5, no. 1 (March 2010): 29.
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5Chenyang Li, “The Confucian Concept of Jen and the Feminist Ethics of Care,”  
 72.
6Lisheng, “Courage in The Analects,”7.
7Ibid., 7-8.
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of Confucius’ time was the cultivation of friendship. It 
was this type of relationship that was considered one 
of the greatest tools for implementing strong character, 
virtue, and understanding the importance of self-sacri-
fice for others. It was from such altruistic relationships 
that Confucius believed one could apprehend the true 
nature of learning, as opposed to obtaining solely scho-
lastic knowledge. Relationships were considered such 
a valuable instrument for developing oneself as a per-
son that careful emphasis was given to the question of 
with whom an individual should associate. Associations 
with overly indulgent or greedy people could lead to the 
same unrestrictive lifestyles and practices, and should 
be avoided.9

   As argued by Kutcher, “Poorly chosen friends tempted 
one with evil pursuits such as drinking and gambling. 
They also removed one from the world that was cen-
tered on service to family and state.”10 The restrictive and 
self-sacrificial aspects of friendship in Confucianism are 
seen, insofar as Confucius did not see camaraderie as 
something which a person would seek out to serve his 
emotional needs or to aid in abetting his insecurities. 
Rather, camaraderie was sought for the opportunity it 
presented to care for the needs of others, thus “stressing 
that friendship was only to serve the goals of the indi-
vidual’s learning of the Confucian way.”11

 
   The idea of continually learning from one’s surround-
ings is also found in the definition of Gantong. The basic 
meaning of Gantong throughout the centuries has been 
that of an uncovered pathway or flow between opposite 
“bodies or locations.” Ren on the other hand has been 
understood to be the essence of Confucian thought 
and encompassed “benevolence…altruism…true man-
hood…compassion…charity….”12  However, it was first 
argued by Confucian scholar Cheng Hao that Gantong 
was the original foundation upon which the definition 
of Ren was based. “Cheng alluded to an ancient med-
ical text that described the paralysis of limbs as buren 
(literally ‘not ren’) and portrayed the person of ren as 
one who took all things in the world as one body that 

was none other than the self.”13  For Cheng, Ren meant 
to be in congruence with the surrounding world, open 
to the experiences that life wanted to teach. This cor-
responds with the Confucian belief that the greatest 
learning came from our surrounding environment, 
and that those in one’s circle of relationships could be-
queath the most benefit. It was these relationships and 
environments which allowed a person to improve him-
self and become a true gentleman. 
   Based on Confucianism’s emphasis on the non-phys-
ical aspects of the qualities of a gentleman, some schol-
ars have suggested that Confucianism is compatible 
with feminism. This is due, in large part, to similari-
ties in characteristics of virtue as seen by both belief 
systems, which are gender neutral. Chenyang Li has 
investigated the corollary between Confucianism and 
feminism in the context of the word Jen, which holds 
the same traditional connotation as Ren. Li argues that 
both Confucius and feminist thought place the impor-
tance of the family’s needs over that of the individual 
self, and that it includes a ‘very strong sense of being 
responsible for the world.’14 Li also argues that femi-
nist ideology and Confucian thought both negate the 
idea that there are “hard and fast rules” in all situations. 
Rather, one must weigh every individual circumstance 
separately in order to find what is the truth in that spe-
cific instance, as opposed to feeling compelled to come 
up with specific rules for every circumstance. “It is not 
to say that there cannot be any rules. There are rules. 
But rules cannot give us infallible solutions in conflict-
ing situations of caring.”15 

   Li is correct in concluding that the specific charac-
teristics defining a gentleman’s character are gender 
neutral. It seems, however, that Li’s efforts to equate 
Confucius’ ideals of a true gentleman with the femi-
nist perspective becomes somewhat contradictory. He 
states that the feminist view, specifically as addressed 
by Noddings, concludes that there are no unfailing 
general rules or principles to be used as guidelines. 
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Chenyang Li later attests to this perspective as being 
congruent with Confucianism. However, Li has also 
stated that “In Confucianism these specific rules are 
guidelines for young people to learn li, i.e., proper social 
behavior.”16 Also, the fact is brought out that Confucius 
advocated the Golden Rule of not doing to others what 
one did not wish done to them. Yet, additionally, he has 
pointed out that Confucius held to five points or virtues 
which ought to be practiced “everywhere under Heav-
en” if one wanted to be Jen.17 In this respect, therefore, 
Confucianism would not be congruent with the author’s 
feminist perspective. As such, this part of the argument 
appears to fall short, as Confucianism clearly does rely 
on principles that should be followed, in contrast to the 
feminist perspective of Noddings, which argues against 
the use of rules or principles as guidelines. 
   Conversely, it should be understood that such rules and 
guidelines are significant to the interactions and deal-
ings within daily life, but that rules are made to enhance 
relationships and improve them, not to be observed in a 
rote manner, with the perspective of following the rules 
for their own sake. Consequently, invoking the adher-
ence to such rules involves discernment as to their per-
tinence in individual situations. Just as in the Analects 
Confucius proclaims that while traditionally a linen hat 
is used during ceremonies, because it is more prudent he 
adheres to the majority rule in this instance and wears a 
silk hat.18

   Confucius’ perspective on the qualities of a gentle-
man was one defined by a person’s character, virtue, and 
principled actions.  For Confucius, a gentleman was not 
measured by his strength of body, but by the nobility of 
his character. Hence, he would continually seek to per-
fect himself, and engage in the pursuit of learning how 
best to serve others. It was in so doing that an individual 
would come to embody the desired qualities of Gantong 
and Ren, seeing all others as one with himself, and serv-
ing them with the highest ideals of humanity, emphasiz-
ing altruism and benevolence to all, and remaining open 
to life’s experiences. Thus, a person would learn the Way 

of Confucius best by serving his friends unselfishly and 
embodying the highest ideals of humanity. 
   Confucian scholars like Kutcher, Wang, and Li, have 
alluded to the connection between one’s nature and the 
cultivation of relationships. But what was the process 
or path inherent to this character shaping? Both The 
Analects and the writings of Mencius stand for the 
proposition that the suitable cultivation of a person’s 
character was a dualistic process. The person needed 
to understand their own errant nature and their need, 
on a daily basis, to engage in continual self-correction 
and examination. Then one could reap the benefits of 
a genuine relationship and, thereby would be able to 
learn and grow from that bond. Confucian thought, 
consequently, demonstrated that proper character de-
velopment was a two-fold practice, beginning with hu-
mility as a requirement for interpersonal relationships, 
which led to personal development. This process was 
not dependent on an individual’s status or gender, but 
required daily effort to improve one’s character.
   Mencius, also a student of Confucian thought, gave an 
example of the need for humility in understanding both 
the fallible nature of society, and the ability to accept 
correction from others. According to Mencius, if there 
is a “person who is harsh to me. A gentleman in this 
situation” would firstly question himself as to why he 
would be so treated and would initially place the onus 
upon himself, believing that there must be some defect 
within his own nature that has aroused such a reaction. 
“I must not be benevolent. I must be lacking in pro-
priety. How else could this situation have come upon 
me?!” Mencius goes on to say that if, after self-examina-
tion, a gentleman finds no immediate fault in himself, 
he must then question if he is ‘not loyal.’ This self-inter-
rogation, thereby, conveyed the importance of a dispo-
sition of humility and willingness toward correction.19 

This last passage, consequently, showed that Confucian 
thought adhered to the belief that an individual of ma-
ture character, if chastised, would not respond with ego 
or in self-defense. It also, therefore, demonstrates the 
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importance of interpersonal relationships in the cultiva-
tion of proper character of an individual. Consequently, 
the passage illustrates that it can only be through a con-
tinual refining of one’s nature that a person can achieve 
virtue of character.
   Furthermore, the realization of the fallible nature of a 
person and the need to continually transform the neg-
ative part of their nature is understood in Confucius’ 
Analects. “How could I dare to lay claim to either sage-
liness or Goodness? What can be said about me is no 
more than this: I work at it without growing tired and en-
courage others without growing weary.”20 The Analects, 
therefore, demonstrate the view that man is imperfect 
and needs to continually work to transform himself. It is 
with this understanding that Confucius and Mencius ex-
pound upon the value of interpersonal relationships in 
an individual’s life. Interaction with others is understood 
to be a vehicle for a higher state of being and awareness, 
rather than simply an outlet through which to mollify 
one’s own needs and insecurities. As Confucius stated, 
“Every day I examine myself,” as “in my dealings with 
others, have I in any way failed to be dutiful? In my in-
teractions with friends and associates, have I in any way 
failed to be trustworthy?”21 This statement of Confucius, 
although ostensibly different from Mencius, emphasizes 
the significance of the dualistic process. Additionally, it 
points to the need for interaction with others, without 
which the perfection of one’s nature would be difficult 
to attain. Confucius further explained in another pas-
sage that, “When walking with two other people, I will 
always find a teacher among them.” Thus, Confucius 
demonstrated that by the interaction with others, one 
found a vehicle for cultivating a righteous character, as 
well as one for eliminating the negative attributes within 
themselves. “I focus on those who are good and seek to 
emulate them, and focus on those who are bad in order 
to be reminded of what needs to be changed in myself.”22 
   Both Mencius and Confucius emphasized that the 
transformation of the inner-self is a continuous, not 
a static process. It is not, consequently, based on that 

which can be acquired because of gender or status. 
Rather, this individual transformation is solely merito-
cratic. The argument made by Li and others, therefore, 
is consistent with Confucian belief, demonstrating the 
merit and developmental process in attaining the char-
acter of a gentleman. Roger Ames has also explored 
Confucian thought in numerous works, concurring 
with Li’s analysis that the term Jen denotes process and 
the continual transformative aspect of character devel-
opment.23 Ames, just as Li, has employed the use of the 
term Ren, to express the concept of Ren as denoting 
the necessity for interpersonal relationships with oth-
ers in order to attain the true character of a gentleman. 
Thus, it lends credence to the claim that the character 
of a gentleman is based upon morality being a process 
through ‘authoritative conduct’ with others.24

   Therefore, the dualistic process of character develop-
ment, and the common question of Confucius’ time, 
“What makes a man?” reflect the ultimate aim of hav-
ing a positive impact on society. When asked about 
the gentleman, Confucius replied that the gentleman 
“cultivates himself with reverential seriousness.” When 
pressed by his disciple to elucidate further, he added 
that the gentleman “cultivates himself and thereby 
brings peace and security to his fellow men” and ul-
timately “to the common people.”25 A similar passage 
found in Confucius’ Great Learning stated that with 
the cultivation of the individual, “their families were 
regulated.” With the regulation of their families, “their 
states were rightly governed.” Ultimately, with the state 
being governed justly, “the whole kingdom was made 
tranquil and happy.”26 One can see, therefore, that the 
individual’s self-cultivation extends outward towards 
his family and then outward again to the greater soci-
ety or state, ensuring peace and security for the entire 
civilization.
   The Confucian perspective held that the same ele-
ments which historically went into the development of 
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20Kongzi (Confucius), “The Analects,” Readings in Classical Chinese Philosophy, 23. 
21Ibid., 3.
22Ibid., 22.

______________ 
23David L. Hall and Roger T. Ames, Thinking Through Confucius (Albany: State 
University of New York Press, 1987), 114-15.
24Roger T. Ames and Henry Rosemont, Jr., The Analects of Confucius: A Philo-
sophical Translation (New York: Ballantine Books, 1999), 48.  
25Chan Wing-Tsit, Chu Hsi and Neo-Confucianism (Honolulu, University of 
Hawaii Press, 1986), 28.
26Confucius, Confucius: Confucian Analects, The Great Learning, and The Doc-
trine of the Mean, ed. James Legge (New York: Dover Publications, 1971), 359.
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an individual’s character were what constituted the qual-
ifications of a true gentleman. Character development, 
moral virtue and self-discipline were all seen as intrinsic 
to the qualities of genuine human character. This was 
not an end unto itself, but a daily process, resulting in 
progress dependent upon the effort one exerted. Con-
fucius indicated that this was an ongoing practice, and 
so difficult that, “as for actually becoming a gentleman in 
practice, this is something that I have not yet been able 
to achieve.”27 These qualities are not gender specific, and 
if applied outward from the individual to the family and 
to the greater society, would have to include both men 
and women in order to render the state peaceful and se-
cure. As illustrated, the fact that the “Chinese word for 
person or people is gender-neutral (“ren”),” lends weight 
to the argument that the meritocratic process of the de-
velopment of Confucius’ gentleman is applicable to both 
men and women. While Confucius’ concept of a “gen-
tleman” was once viewed as applying to the male gen-
der, more recent scholarship has expanded it. Looking 
at Confucius’ writings and examining the characteristics 
which make up a gentleman, one can see that they are 
not inherently gender specific, but are such that they are 
attainable by either gender. Confucius’ concept of a “gen-
tleman,” therefore, can be argued to be applicable to a 
woman, as much as to a man.28  
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Abstract.    Methionine sulfoxide reductase (Msr) is an enzyme that is used by the majority of organisms 
to reverse oxidative damage caused by reactive oxygen species (ROS). ROS are free radicals which react 
with electron-rich molecules such as nucleotides, carbohydrates, or proteins. The highly electronegative 
amino acid methionine is frequently oxidized to methionine sulfoxide (met-(o)) by ROS; Msr can repair 
the damaged methionine by reducing met-(o) to functional methionine. There are two distinct enzymes, 
MsrA and MsrB, which reduce the two enantiomers of met-(o), met-S-(o) and met-R-(o), respectively. 
   Since additional ROS are produced during an organism’s exposure to thermal stress, we investigated 
whether MsrA and/or MsrB play a role in the response to thermal stress. Drosophila melanogaster lack-
ing both MsrA and MsrB were found to be less efficient in their thermal stress response when compared 
to wild-type, suggesting that MsrA and MsrB may play a role in thermal stress response. In addition to 
MsrA and MsrB, some heat shock proteins (HSPs), especially Hsp70, help mitigate the damaging effects 
of thermal stress. HSPs are upregulated during periods of hyperthermia and help to maintain protein 
integrity and provide neuronal protection. Thus, we also examined the possibility that HSP upregula-
tion prior to exposure to hyperthermic conditions improves thermal stress response and survival in 
Drosophila lacking MsrA and MsrB. Hyperthermic preconditioning was shown to worsen the thermal 
stress response of D. melanogaster lacking MsrA or MsrB, as well as the wild-type. Future studies in-
clude examining the biochemical mechanisms that govern the effect of MsrA and MsrB on hyperther-
mia tolerance. By determining the roles of MsrA and MsrB in hyperthermia tolerance, we should obtain 
insight into the multiple functions of MsrA and MsrB throughout an organism.

Introduction
   Methionine sulfoxide reductase (Msr) is an antiox-
idant protein that can restore methionine sulfoxide 
(met-o), the oxidized form of methionine, to function-
al methionine. Methionine residues are easily oxidized 
because they contain sulfur, a highly electronegative 
atom [7]. Methionine is oxidized into two enantio-
mers designated met-o-S and met-o-R, and MsrA and 
MsrB can restore each form of met-(o), respectively 
[8]. MsrA was discovered in 1979 and shown to be 
a 25kD protein, while the structurally distinct MsrB 
was discovered in 2001 and it is a 17kD protein [9]
[10].  Amino acid sequence analysis of the MsrA gene 
in multiple species has revealed a conserved sequence 
in the N-terminal portion of the protein at position 
72: GCFWG. The cysteine contained in this conserved 
sequence (Cys-72) has been found to be absolutely re-
quired for enzymatic activity [20]. MsrB has a distinct, 

but also highly conserved amino acid sequence. MsrA 
and MsrB do not share similar amino acid sequences 
but are, nevertheless, related because their active sites 
are mirror images of each other, reflecting the fact that 
they are epimer-specifc [20]. 
   MsrA and MsrB were first identified in E. coli [9][10] 
but have since been found to be present in a wide range 
of species [5]. However, different organisms contain 
different isoforms of MsrA and MsrB, which are tar-
geted to specific cellular compartments. In mammals, 
for example, one gene encodes MsrA and two different 
isoforms are produced: a long form and a short form. 
The long form is targeted to the cytosol, mitochondria, 
and nucleus, while the short form is localized to the 
nucleus and cytosol [18]. In mammals, three genes 
encode three different forms of MsrB: MsrB1, MsrB2, 
and MsrB3. MsrB1 is targeted to the nucleus and cyto-
sol, MsrB2 is targeted to the mitochondria, and MsrB3 
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encodes two splice variants, MsrB3A and MsrB3B, 
which are localized to the endoplasmic reticulum 
(ER) and the mitochondria, respectively [19]. 
   ROS are free radicals that are highly reactive be-
cause of the presence of unpaired electrons, and are 
most commonly the superoxide ion or hydrogen 
peroxide [5]. Thus, ROS usually react with highly 
electronegative molecules such as nucleotides, car-
bohydrates, or amino acids. This can lead to a vari-
ety of mutations, which have been found to lead to a 
faster aging rate [5]. ROS production has also been 
found to increase as an organism ages [15]. ROS are 
byproducts of normal aerobic metabolism inside a 
cell [6]. Additionally, ROS are produced during peri-
ods of hyperthermia [4].   
   Hyperthermia, also known as thermal stress, is the 
condition where an organism is exposed to physio-
logically elevated temperatures [1]. Thermal stress 

affects a wide range of plants and animals and occurs 
under many environmental conditions. For example, 
Drosophila melanogaster larvae are exposed to extreme 
temperature fluctuations in the fermenting fruit where 
they mature [2].  Organisms respond to thermal stress 
in different ways. For example, mammals often undergo 
stroke when exposed to hyperthermic conditions, while 
most invertebrates, such as D. melanogaster, enter a re-
versible protective coma called spreading depression [3]. 
Spreading depression is characterized by a loss of both 
neural and motor function and has been well studied in 
literature as a possible means of conserving energy un-
der stressful conditions [3]. Spreading depression is often 
reversed when the organism is returned to normal con-
ditions [1]. 
   Most organisms also contain heat shock proteins (Hsp’s) 
to help respond to thermal stress. HSPs are a family of 
proteins that serve as molecular chaperones and aid in 

protein homeostasis when an organism experiences 
heat shock [12]. HSPs are upregulated during ther-
mal stress and they provide neuronal protection 
during hyperthermia [13, 14]. Given that hyperther-
mia increases ROS production, we proposed that 
the antioxidant proteins, MsrA and MsrB, may play 
a role in an organism’s thermal stress response. In 
addition, since HSPs are involved in the response of 
organisms to thermal stress, we investigated whether 
HSP upregulation prior to exposure to hyperthermic 
conditions may improve an organism’s thermal stress 
response.
   Invertebrates enter a protective coma known as 
spreading depression when exposed to hyperther-
mic conditions. In this study, we measured the time 

required for Drosophila mutants, lacking either MsrA 
or MsrB, or both MsrA and MsrB, to undergo spread-
ing depression, commonly termed failure. Young (5-9 
day old) and old (35-39 day old) flies were examined to 
test the effects of increased ROS production due to ag-
ing on an organism’s thermal stress response. Flies lack-
ing both MsrA and MsrB are referred to as old between 
35-39 days of age since they reach senescence in this age 
range, although wild-type and flies lacking either MsrA 
or MsrB do not reach senescence until much later. The 
animals were also pre-conditioned to hyperthermia by 
exposure to sub-lethal thermal conditions before expo-
sure to standard thermal stress to induce HSP upregula-
tion. The thermal stress response of flies pre-conditioned 
to thermal stress was then compared with the response of 

Table 1 - Designation of Genotypes
Strain: Size of Deletion:

WT ((MsrA+/+ MsrB+/+) WT77, WT31, WT60

MsrA LOF (MsrALOF/LOF 
MsrB+/+) 

A90 1.5 kb

MsrB LOF (MsrA+/+ 
MsrBLOF/LOF)

B54 2.5 kb

MsrA/MsrB LOF 
(MsrALOF/LOF MsrBLOF/LOF) 

AB113, AB46
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flies exposed only to thermal stress conditions with-
out preconditioning.
Materials and Methods
Genotypes of  Drosophila

  All experiments used male flies and the thermal 
stress response of 5-9 day old flies and 35-39 day old 
flies was examined.
Drosophila Activity Monitoring System

   The Drosophila Activity Monitoring (DAM) system 
is a computerized system that measures the move-
ment of individual flies by recording the number of 
times a fly crosses an infrared beam over the course 
of a minute [17]. The DAM system consists of two 
monitors: one monitor was held at room tempera-
ture, while the other was placed inside an incubator 
set at 36.0 °C or 38.5 °C. Each monitor contains 32 
slots that hold 32 three-inch glass tubes. A DAM sys-
tem holder is used to hold the glass tubes in place in 
the DAM system monitors and one fly is placed into 
each tube (Figure 1).
   A Micro Hybridization Incubator was used in these 
experiments to create hyperthemic conditions. The 
incubator was held at two different temperatures, 36.0 
°C or 38.5 °C. We used 36.0 °C as the preconditioning 
temperature, while 38.5 °C was used to impose ther-
mal stress.

Thermal Stress

   One male fly was placed into each tube at room tem-
perature and allowed to acclimate with their surround-
ings. The DAM system holder was then placed into the 
incubator at 38.5 °C for 30 minutes and the time to fail-
ure was recorded.
Preconditioning

   To examine the effect of preconditioning on the thermal 
stress response of Drosophila, one male fly was placed 
into each tube at room temperature to allow the flies to 
become acclimated with their surroundings. The DAM 
system holder was then placed into an incubator held at 
36.0 °C for 60 minutes to precondition the flies to hyper-
thermic conditions. Following preconditioning, the flies 
were exposed to hyperthermic conditions, as described 
above, and their times to failure were recorded.
Statistics

   Using Graph Pad Prism, failed flies were scored as a 1, 
while flies whose response was outside of the experimen-
tal methods was scored as a 0. Log-rank tests were then 
performed in order to analyze the resulting times to fail-
ure. A p-value less than 5% was used in this experiment 
resulting in a confidence interval of 95%.
Experimental Results

WT77 vs. AB113: Time to Failure
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Figure 2 - Failure Times of Young Wild-Type and Msr-Deficient 
Animals. 5-9 days old AB113 (n=48) and WT77 (n=47) flies were 
stressed for 30 minutes at 38.5 °C using the Drosophila Activity 
Monitor (DAM) as described in the Methods. A Log-rank test was 
performed and the resulting p-value was p = 0.0329.

Figure 1 - Drosophila Activity Monitoring System
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A larger percentage of young wild-type flies fail when 
compared to flies lacking Msr

   Initial experiments used a wild-type (WT77; 
MsrA+/+ MsrB+/+) and MsrA/MsrB LOF line 
(AB113; MsrALOF/LOF MsrBLOF/LOF). Young 
(5-9 day old) male flies were exposed to hyperthermic 
conditions (38.5 °C for a maximum of 30 minutes) 
and the times to failure (absence of movement) were 
determined. A larger percentage of WT77 individu-
als were found to fail at any given minute when com-
pared to AB113 (p = 0.0329) (Fig. 2).

A larger percentage of wild-type flies fail when com-
pared to that of a sibling fly line

   The observation that the wild-type line (WT77) 
failed sooner than the MsrA/MsrB LOF line (AB113) 
was unexpected. Therefore, we compared WT77 
to a sibling wild-type line (WT31). Young (5-9 day 
old) male flies were exposed to hyperthermic stress 
(38.5 °C for a maximum of 30 minutes) and the time 
to failure for each animal was determined using the 
DAM system. The genotypes used in this experi-
ment consisted of the initial wild-type tested above 
(WT77; MsrA+/+ MsrB+/+) and a sibling wild-type 
line (WT31; MsrA+/+ MsrB+/+). The sibling wild-
type line was found to have a significantly lower per-
centage of failing flies over the course of the experi-
ment when compared to the initial wild-type line (p < 
0.0001) (Fig. 3). Additional experiments using WT77 

has shown that it is not a representative wild-type line 
and it was not used in subsequent experiments (data not 
shown).
A larger percentage of younger flies fail in the absence of 
MsrB regardless of the presence or absence of MsrA
   Young (5-9 day old) male flies were exposed to hyper-
thermic stress (38.5 °C for a maximum of 30 minutes) 
and the time to failure for each animal was determined 
using the DAM system. The genotypes used were wild-
type (WT31), MsrA LOF (A90) MsrB LOF (B54), and 
MsrA/MsrB LOF (AB46) (Table 1).  A larger percent-
age of flies lacking MsrB were found to fail at any given 
minute when compared to wild-type (p=0.0005), but the 
percentage of failing MsrB LOF and MsrA/MsrB LOF 
flies was similar (p=0.9400). Additionally, the percentage 
of failing MsrA LOF flies was not different from that of 
wild-type flies (p=0.7076) (Fig. 4).
A larger percentage of older flies with no known Msr activ-
ity fail when compared to wild-type

   To test the effect of age on thermal stress response, old 
(35-39 day old) male flies were exposed to hyperther-
mic conditions as described above. This age was select-

WT77 vs. WT31: Time of Failure
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Figure 3 - Failure Times of Two Young Sibling Wild-Type 
Lines. 5-9 days old WT77 (n=48) and WT31 (n=38) flies were 
stressed for 30 minutes at 38.5 °C using the Drosophila Activity 
Monitor (DAM) as described in the Methods. A Log-rank test 
was performed and the r resulting p < 0.0001.

WT31 vs. AB46 vs. A90 vs. B54: Time to Failure
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Figure 4 - Failure Times of Young Drosophila Lacking MsrA, 
MsrB or Both Activities. The following lines were tested for resis-
tance to thermal stress as described in Figure 1 and the Methods: 
5-9 days old AB46 (n=32), WT31 (n=16), A90 (n=16), and B54 
(n=16) were stressed for 30 minutes at 38.5 C using the Drosophila 
Activity Monitor (DAM) as described in the Methods. A Log-rank 
test was performed and the resulting p-values were p = 0.7076 for 
WT31 vs. A90, p = 0.0005 for WT31 vs. B54, p = 0.0002 for WT31 
vs. AB46, p = 0.0069 for A90 vs. AB46, p = 0.0242 for A90 vs. B54, 
and p = 0.9400 for B54 vs. AB46.
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ed since it is close to the maximum lifespan for the 
lines lacking both MsrA and MsrB (data not shown). 
The percentage of flies lacking any known Msr activity 
(AB46) failing under thermal stress was significantly 
higher than that of wild-type flies (p<0.0001; Fig. 5). 
Additionally, a significantly larger percentage of older 
animals failed under thermal stress when compared to 
younger animals (Compare Fig. 4 and 5).
Following preconditioning, an animal’s thermal stress 
response is not affected by the presence or absence of 
MsrA or MsrB and a shorter time to failure is observed

 Published studies have shown that exposure to 
sub-lethal hyperthermic conditions prior to exposure 
to heat stress extends the time to failure for wild-type 
flies [14]. We investigated whether flies with mutant 
MsrA or MsrB genes would also show an extended 
time to failure in response to thermal stress when pre-
conditioned. Three genotypes of 5–9 day old male flies 
were tested: wild-type (WT60), MsrA LOF (A90), and 
MsrB LOF (B54) (Table 1). We found that wild-type 
and MsrA/MsrB LOF flies preconditioned to thermal 
stress failed sooner than flies that had not been pre-
conditioned (Compare Fig. 4 and 6).  We did not ob-

serve any significant difference between the percentage 
of failing wild-type, MsrA LOF, and MsrB LOF animals 
(WT60 vs. A90 p = 0.6205; WT60 vs. B54 p = 0.4913; 
A90 vs. B54 p = 0.7572) (Fig. 6).

Discussion
   MsrA and MsrB have been found to reduce the effects 
of ROS-related conditions [11]. This suggests that Msr 
might play a role in an organism’s response to thermal 
stress, since hyperthermic exposure also produces ROS 
[4]. Our findings suggest that the presence of MsrB alone 
may be sufficient to influence the response of flies to 
thermal stress.
   Initial experiments demonstrated that a larger percent-
age of wild-type (WT77) animals failed when compared 
to young (5-9 day old) animals lacking both MsrA and 
MsrB (AB113) (Fig. 2). These results suggested that the 
presence of MsrA and MsrB reduces the ability of animals 
to adequately respond to thermal stress. However, exper-
iments with additional wild-type lines revealed that these 
results are significantly contrasting with those obtained 
from utilizing other wild-type lines (data not shown). 
Thus, we concluded that WT77 may not be representa-
tive of a wild-type. As a result, young flies of a sibling 
line (WT31) were also tested, compared to WT77 and 

WT31 vs. A90 vs. B54 vs. AB46: Time to Failure
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Figure 5 - Failure Times of Old Drosophila Lacking MsrA and 
MsrB Activity. The following strains were tested for resistance to 
thermal stress as described in Figure 1 and the Methods except 
the animals were 35-39 days old: AB46 (n=31) and WT31 (n=48) 
flies aged between 35 and 39 days and were stressed for 30 min-
utes at 38.5 °C using the Drosophila Activity Monitor (DAM) as 
described in the Methods. A Log-rank test was performed and 
the resulting p < 0.0001.

WT60 vs. A90 vs. B54: Time of Failure
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Figure 6 - Failure Times of Young Drosophila Lacking MsrA 
or MsrB Activity. The following lines were tested for resistance to 
thermal stress following preconditioning as described in the Meth-
ods: WT31 (n=12), A90 (n=21), and B54 (n=12) flies were pre-con-
ditioned for 60 minutes at 36.0 °C. Following pre-conditioning, flies 
were stressed for 30 minutes at 38.5 °C. A Log-rank test was per-
formed and the resulting p-values were, p = 0.6205 for WT60 vs. 
A90, p = 0.4913 for WT60 vs. B54, and p = 0.7572 for A90 vs. B54.
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were found to take longer to fail (Fig. 3), which was 
consistent with data obtained from other wild-type 
lines (data not shown). WT77 was not used in any 
subsequent experiments. As a result, we investigated 
whether genotypes derived from the sibling wild-type 
line (WT31) would yield results that were consistent 
with other experiments being done in our lab. The 
following sibling lines (WT31; MsrA+/+ MsrB+/+, 
A90; MsrALOF/LOF MsrB+/+, B54; MsrA+/+ Ms-
rBLOF/LOF, AB46; MsrALOF/LOF MsrBLOF/LOF) 
were exposed to hyperthermic conditions (38.5 °C 
for a maximum of 30 minutes) and the times to fail-
ure (absence of movement) were recorded. The re-
sults of these experiments demonstrated that a high-
er percentage of organisms lacking both MsrA and 
MsrB failed under thermal stress when compared to 
wild-type (Fig. 4). This finding suggests that MsrA 
and MsrB may play a role in an animal’s response 
to thermal stress. Interestingly, we also found that 
a larger percentage of flies lacking only MsrB were 
found to fail under thermal stress when compared 
to wild-type, while the percentage that failed was 
approximately the same as that of flies lacking both 
MsrA and MsrB. In contrast, approximately the same 
percentage of flies lacking only MsrA failed when 
compared to wild-type. This suggests that MsrB may 
play a more important role in an organism’s response 
to thermal stress than MsrA. 
   The initial experiments showed that WT77 failed 
from thermal stress sooner than AB113. This unex-
pected finding is probably due to unknown genetic 
mutations in WT77. Additional experiments using 
WT31, WT 60 and another wild-type sibling line 
not used in these experiments also found that WT77 
shows significant differences when compared to the 
other wild-type lines. WT60 and WT31 also bene-
fited from numerous backcrosses to a lab wild-type 
line (YW) to provide a more consistent genetic back-
ground. 
   In order to test the effect of age on thermal stress 
response, we exposed flies aged between 35–39 days 
old to hyperthermic conditions and found that a 
higher percentage of organisms lacking both MsrA 
and MsrB failed when compared to wild-type (Fig. 
5). However, it was also observed that a significantly 

larger percentage of older animals failed under thermal 
stress when compared to younger animals (Fig. 4 and 5). 
This further suggests that MsrA and MsrB may play a 
role in an organism’s thermal stress response. In the fu-
ture, we will test the thermal stress response of old flies 
lacking either MsrA or MsrB. We anticipate that a high-
er percentage of flies lacking MsrB will fail sooner under 
hyperthermic conditions when compared to wild-type, 
while approximately the same percentage of MsrB LOF 
and MsrA/MsrB LOF will fail. In addition, we expect that 
flies lacking MsrA will fail at a rate that is not significantly 
different than the wild-type. If this hypothesis is correct, 
this will further suggest the importance of MsrB in re-
sponse to thermal stress. We can explore this hypothesis 
regarding the significance of MsrB in response to thermal 
stress by performing transgenic rescue experiments on 
all of our mutant genotypes (MsrA LOF, MsrB LOF, and 
MsrA/MsrB LOF). If MsrB does play a more important 
role in an animal’s thermal stress response, then transgen-
ic expression of MsrA in animals lacking any Msr activity 
should not significantly slow the time of failure. However, 
similar transgenic rescue experiments using MsrB should 
show increased protection from failure induced by ther-
mal stress. 
   Thermal stress preconditioning has been shown to pro-
vide neuronal protection to animals during thermal stress 
exposure by the upregulation of heat shock proteins, 
particularly Hsp70 [13, 14]. As a result, we investigated 
whether thermal stress preconditioning would increase 
the time to failure of MsrA LOF, MsrB LOF, and MsrA/
MsrB LOF mutants. However, our findings suggest that 
preconditioning may have a detrimental effect on the 
thermal stress response of these animals. These experi-
ments are being repeated because the protective effect of 
preconditioning is a well-documented phenomenon [14]. 
However, identification of the conditions necessary to ob-
tain this effect is very challenging since a slight variation 
in temperature can overstress the animal, resulting in a 
detrimental rather than protective effect. As a result, pre-
conditioning experiments using only the wild-type lines 
are underway at the time of this writing in order to de-
termine the conditions that are required so that the wild-
type strain behaves in a predictable manner compared 
to that of the literature results. Then, under those condi-
tions, we can compare the various Msr mutant lines. 
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Although specific biochemical functions are well estab-
lished for the Msr enzymes, there are many functions of 
these proteins in various physiological processes that are 
not yet clear. From this study we have observed that the 
antioxidant, MsrB, may play a role that is distinct from 
that of MsrA in aiding an organism’s response to thermal 
stress. The results of these experiments as well as other 
experiments currently underway in the lab suggest that 
MsrA and MsrB have important biochemical functions 
that are unknown at this time.
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Abstract.    The Venezuela—Iran alliance had the power to stir up controversy and generate worry with-
in the U.S. Despite differences in type of government, economic system, religion, and culture, both  
countries established a successful strategic coalition. How can we account for the formation of this strong  
partnership that provoked adoration and revulsion in equal measure? How did Chavez and Ahmadinejad 
benefit from their strategic cooperation? In addressing those two questions, my research examines the 
ideological and the economic factors that brought both countries together. It posits that the relationship  
between Venezuela and Iran was the manifestation of the joint efforts toward a common enemy,  the  
“American empire.” My research focuses on the economic solidarity and political discourses as sources to 
promote their common anti-U.S. sentiment, sustain their popularity, and prevail in power. It is important 
to explain how despite domestic and foreign opposition against Chavez and Ahmadinejad, both leaders 
prevailed as heads of state throughout all these years. As such, by evaluating their past activities and opaque 
maneuvers, it is possible to understand how they were able to bypass international sanctions, consolidate 
their power, suppress political opponents, and forge regional and foreign partnerships. 

Introduction
   “The Devil is in the house… the devil came here 
yesterday and it smells of sulfur still today . . . As the 
spokesman of imperialism, he came to share his nos-
trums to try to preserve the current pattern of domi-
nation, exploitation, and pillage of the peoples of the 
world. An Alfred Hitchcock movie could use it as a 
scenario. I would even propose a title: The Devil’s 
Recipe” (UN General Assembly 61st Session 2006). 
Venezuelan President Hugo Chávez tore into his U.S. 
counterpart, likening George W. Bush to the devil. 
“The American empire,” according to Chávez, pur-
sues the consolidation of its system of domination 
and world dictatorship. 
   Defiant rhetoric against imperialism characterizes 
not only leftist governments in Latin America, but 
also in the Middle East (Dorraj and Dodson 2009). 
Iran’s former leader Mahmoud Ahmadinejad points 
to the U.S. accountability for Iranian afflictions by 
evoking past rhetoric such as Ayatollah Khomeini’s 
speech after becoming the supreme leader of Iran in 
1979. Khomeini accused the U.S. of seeking global 
hegemony and control over Iran while affirming, 
“America is the great Satan, the wounded snake” 
(quoted in Buck 2009: 136). Ahmadinejad embraces 

Khomeini’s dualistic worldview, dividing the world into 
oppressors and the oppressed.
   No image could be more evocative than the characteri-
zation of the U.S. as the great Satan or the devil in coun-
tries such as Venezuela and Iran, where governments 
exalted the anti-imperialism sentiment (O’Connor 2002; 
Gratius and Furtig 2009; Goforth 2012). It did not take 
long before Chávez and Ahmadinejad started to coop-
erate with each other as they found something in com-
mon. Their shared ideology consisted of the rejection 
of economic dependency on the U.S. and opposition to 
its interference in domestic affairs (Higgins 2006; Sweig 
2006).  
   Besides oil, Venezuela and Iran have little in common. 
Venezuela is a federal republic with a secular govern-
ment that pushes toward socialism. Ninety-six percent 
of the population follows the Roman Catholic faith, and 
women play a key role in the national government (Hag-
gerty 1990; Keramati 2006). On the other hand, Iran is 
a theocratic republic based on Sharia law. The religious 
supreme leader and the country’s president share the ex-
ecutive branch. Ninety-eight percent of the population 
follows the Muslim faith, which values the traditional 
submissive role of women in society. Iran has not pushed 
socialism to the same extent as Venezuela (Chapin 1987; 
Haggerty 1990; Keramati 2006). What drives these two 
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nations to form an alliance? 
   The idea that two countries with more differences 
than similarities came together to create a coalition 
offers a puzzle. Therefore, to understand the basis 
of the Venezuela-Iran alliance, I present a history of 
the relationship since the election of Chávez in 1999. 
I next detail the leaders’ diplomatic visits to Caracas 
and Tehran by explaining the circumstances of those 
events and exposing their defiant rhetoric against the 
U.S. I then evaluate the economic links between the 
two countries, utilizing timely and comparable statis-
tics on exports and imports. By combining this data, I 
explain how their ideological alliance led to economic 
cooperation.
   Through the analysis of the public diplomacy, it is 
possible to determine the tendency of Venezuela and 
Iran to reunite and embark in joined ventures ev-
ery time both countries’ interests conflicted with the 
American ones. To this end, the study of the econom-
ic activities offers insight into the development of co-
operation between both leaders throughout the years. 
Likewise, the assessment of the leaders’ presidential 
visits and public events reveals the sense of solidarity 
between Chávez and Ahmadinejad while their nega-
tive and bellicose discourse exposes the tension levels 
between the countries and the U.S. 
   Besides examining how both leaders found it advan-
tageous to foster a strategic alliance, which later led 
to efforts in banking, energy, commerce, and military 
cooperation (Karami 2007; Morgenthau 2009; John-
son 2012; Luxner 2013), it is also important to explain 
how despite domestic and foreign opposition against 
Chávez and Ahmadinejad, both leaders prevailed as 
heads of state throughout all these years. As such, by 
evaluating their past activities and opaque maneuvers, 
it is possible to understand how they were able to by-
pass international sanctions, consolidate their power, 
suppress political opponents, and forge regional and 
foreign partnerships.
Literature Review
   Two schools of thought explain the causes for the 
establishment of the coalition. One theory posits that 

the increase of international sanctions on Iran forced 
the country to associate with Venezuela (Carswell 1981; 
Chubin and Litwak 2003; Torbat 2005; Morady 2009). An 
alternative theory postulates that a shared foreign policy 
based on anti-imperialist sentiment brought both coun-
tries together (O’Connor 2002; Gratius and Furtig 2009; 
Goforth 2012). The following literature review illustrates 
and supports these two theories.
Iran Turned to Venezuela to Bypass International Sanctions

   Sanctions against Iran arose after Ayatollah Ruhollah 
Khomeini became the supreme leader of the country in 
1979 (Abrahamian 2008). Khomeini’s Islamic Revolution 
not only put an end to the Shah’s pro-U.S. regime, but 
also moved the Iranian domestic and foreign policy to an 
extreme anti-U.S. orientation. As such, throughout time, 
sanctions by the international community  and the U.S.  
increased---esspecially after Iran reduced its cooperation 
with the International Atomic Energy Agency (IAEA) in 
2006, creating global concern over the country’s nuclear 
program (IAEA 2005; Yazdani and Hussain 2006; CIA 
2012; U.S. Department of the Treasury 2012). 
   The increase of sanctions hurt Iran as they reduced the 
access to products needed for the oil and energy sector, 
and prompted businesses as well as oil companies to 
withdraw from the country’s market (Torbat 2005). All 
of those detrimental effects undermine the development 
and progress of the country because the sanctions target 
the Iranian energy sector, which provides about 80% of 
government revenues (Carswell 1981). The effects also 
reach citizens by increasing the cost of goods and de-
creasing services (Morady 2009). Because of its damaged 
government and economy, Iran had to turn to Venezuela 
to bypass the growing list of sanctions and to overcome 
diplomatic isolation (Chubin and Litwak 2003).
Ideology Based Alliance  

   A second school of thought argues that a foreign policy 
based on the anti-imperialism sentiment drove Venezu-
ela and Iran to forge a cooperative alliance (Gratius and 
Furtig 2009; Goforth 2012).  Chávez and Ahmadinejad 
perceived the U.S. as a threat to their countries’ sover-
eignty. Therefore, they worked on limiting economic 
dependency on the U.S. and spreading their ideology, 
which rejected the culture, values, policies, and interna-
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tional role of the U.S. (O’Connor 2002). Antagonism 
toward the “American empire” has deep roots in the 
history of countries such as Venezuela and Iran. 
   The Islamic Revolution in 1979 established a theo-
cratic rule in Iran, with Khomeini as a supreme lead-
er. He denounced the American ambitions of global 
supremacy and control over Iran (Abrahamian 2008). 
Khomeini’s attitude against the U.S. strengthened 
during the climax of the Iran-Iraq war (1980-1988) 
when the U.S. supported Iraq by providing intelli-
gence and military aid (Slavin 2007). American ac-
tions during the war and the growing sanctions on 

Iran increased resentment among the citizens who re-
garded the U.S. as accountable for the society’s afflictions. 
   Ahmadinejad evoked past resentments and accused the 
U.S. of using the alleged Iranian attempts to build nuclear 
weapons as an excuse to isolate Iran at the regional and 
international levels (Yazdani and Hussain 2006). Despite 
ongoing sanctions that resulted in economic distress, 
Ahmadinejad remained defiant and continued to assert 
the Iranian sovereignty right to acquire nuclear technol-
ogy for peaceful uses (Goforth 2012; Erlanger 2013). Be-
cause of its concerns with national security, Iran refused 
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3 Juan Vincente Gomez (1922-1929 and 1931-1935) and Perez Jimenez (1952-
1958) 
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1 The U.S. imposed sanctions over Venezuela in 2011.  
The U.S. issued the following sanctions against Iran for proliferation activities and terrorism support: 
Executive Order (EO) 12170 (1979), EO 12613 (1987), EO 12957 (1995), EO 12959 (1995), EO 13059 
(1997), EO 13382 (2005), EO 13553 (2010), EO 13574, 13590 (2011). The U.S. Congress passed the 
Iran-Libya Sanctions Act of 1996 and the Comprehensive Iran Sanctions, Accountability, and Divestment 
Act of 2010 (CIA 2012; U.S. Department of Treasure 2012). 

Source Date Number of 
Times 

Leaders 
Meet 

Circumstances Security 
Council 

Resolutions1 

HACER 
Hispanic America 
Center 
for Economic Research 

2012 1 Ahmadinejad visited Venezuela. 
Chávez accused the U.S. and its allies of demonizing 
Iran and using false claims about the nuclear issue.  

2049 

Aljazeera 2010 3 Chávez’s visit to Tehran was part of an international 
tour that aimed at strengthening Venezuela’s economic 
ties with Easter Europe and the Middle East. 
 

1984 (2011) 
1929 

New York Times 2009 4 Ahmadinejad was in Latin America to boost ties with 
supporters of Iran’s nuclear program. 
Chávez traveled to Tehran just after Ahmadinejad won 
a second term in office. 
 

 

Washington Post 
 

2007 4 The Venezuelan leader made an official visit to Tehran 
after an OPEC’s summit in Saudi Arabia. 
On a trip to strengthen ties with leftist in Latin America, 
Ahmadinejad stopped in Caracas. 
In Tehran, Chávez launched the construction of a joint 
petrochemical plant with Ahmadinejad. 
 

1803 (2008) 
1747 

Foreign Policy in 
Focus 

2006 3 Ahmadinejad made his first trip to Caracas. During his 
two-day visit, Chávez and Ahmadinejad signed over 20 
agreements and inaugurated the Iranian petroleum 
drilling operation of Petropars.  
Chávez  arrived in Tehran after his Iranian couterpart 
won the presidency of his country.  
 

1737  
1696  

LADDO 
Latin America 
Democracy 
Defense Organization 

2005-
2001 

     8 Before Ahmadinejad took office in 2005, Chávez  
traveled to Tehran five times.  
Mohammad Khatami made three official visits to 
Caracas.  
 
 

 

Table 1 - Diplomatic Relations between Venezuela and Iran and UNSC Resolutions
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to abandon its nuclear program, which is a point of 
national pride and a deterrent against American and 
Israeli potential attacks (Newman 2011). Ahmadine-
jad emerged as a survivor of the Imperialist powers 
and showed solidarity with Chávez and his struggle to 
limit American interference in his country. 
   In Venezuela, for decades, the U.S. strongly support-
ed brutal dictators  who facilitated the American oil 
ambitions in the country (Keramati 2006). Friction 
between the U.S. and Venezuela arose when Chávez 
came into power in 1999. Actions such as the visit 
of Chávez to Iraq in 2000 created strong opposition 
from the U.S. (Sharma, Tracy, and Kumar 2004; Goli-
ger 2006). Other events that drew international at-
tention included the Venezuelan obstruction to the 
FTAA (Dye 2011), revocation of the 50-year old bi-
lateral military collaboration agreement with the U.S., 
and lack of cooperation on the Drug War (Goliger 
2006). Such policies created alarm within the U.S., 
which led to the American support for the 2002-failed 
coup against the Venezuelan leader (Goliger 2006).  
Chávez perceived the U.S. as an enemy that, by trying 
to advance its interests, undermined the development 
of Venezuela and other nations. As such, he blamed 
American foreign policy and capitalism for much of 
Latin America’s social ills. 
Research Question
   Whether their shared ideology or the increase of 
sanctions on Iran resulted in Chávez’s and Ahmadine-
jad’s solidarity divides scholars in trying to explain 
the establishment of this partnership (Carswell 1981; 
O’Connor 2002; Chubin and Litwak 2003; Torbat 
2005; Gratius and Furtig 2009; Morady 2009; Goforth 
2012). How can we account for the formation of this 
strong alliance that provoked adoration and revulsion 
in equal measure? How did Chávez and Ahmadine-
jad benefit from their strategic cooperation? In ad-
dressing those two questions, my research examines 
the reasons that drove Venezuela and Iran together, 
as well as the activities that the coalition engaged 
in to advance their interests. By combining data on 
ideological and economic factors, my work concludes 
that the relationship between Chávez and Ahmadine-
jad was related to their anti-U.S. ideology but not to 

economic benefits (O’Connor 2002; Gratius and Furtig 
2009; Goforth 2012). Their common enemy thus drove 
the relationship to forge cooperation, strengthen their 
ties, and spread their beliefs (Sharma, Tracy, and Kumar 
2004; Morgenthau 2009).
Data, Findings, and Analysis  
   Despite Venezuela’s extensive oil exports to the U.S., 
Chávez stood as a vocal critic of the American govern-
ment (Romero 2011; Martinez and Yuan 2012). The Ven-
ezuelan president proved to be controversial not only by 
his stance, but also by his verbal attacks against the U.S. 
(Farah 2009). Similar to Chávez, Ahmadinejad became 
a divisive figure in world affairs by his lack of cooper-
ation with the IAEA over the Iranian nuclear program 
(Yazdani and Hussain 2006) and by his hostility toward 
the U.S. (Worth 2009). Sharing common worldviews 
resulted in signs of evolving partnership between both 
countries (Morgenthau 2009).
   With the purpose to strengthen their alliance and fur-
ther their ideology, both heads of state engaged in nu-
merous diplomatic visits to Caracas and Tehran (Alavi 
2007). Chávez and Ahmadinejad soon realized that their 
frequent diplomatic trips not only created concern in the 
U.S., but also attracted large international attention (War-
ren 2006), which they used to wage an oral war against 
the American government. 
Diplomatic Relations

   Chávez and Ahmadinejad’s strategic visits to countries 
around the world aimed at gathering solidarity to further 
their interest in confronting to what they considered U.S. 
global hegemony (Varner 2006). To illustrate, in 2006, 
Chávez engaged in a world tour throughout countries of 
Latin American, Europe, and Asia to generate support 
for his plan to seek a UN Security Council (UNSC) seat 
(Warren 2006; Romero 2006). Although Venezuela re-
ceived the backing from most of the states Chávez visit-
ed, it decided to withdraw from the contention due to 47 
rounds of deadlocked voting (Goforth 2012). His close 
race candidacy proved Chávez’s ability to create worry in 
the U.S., which promptly lobbied to halt the Venezuelan 
victory (Romero 2006). 
   A turning point against Venezuela’s effort to win a 
UNSC seat came during a speech by Chávez earlier that 
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year at the UN General Assembly when he ridiculed 
President Bush as the devil (Romero 2006). Chávez’s 
comments affected his candidacy, yet they played well 
with people in Venezuela and Iran, where disapprov-

   Chávez and Ahmadinejad acknowledged that confront-
ing U.S. hegemony and overcoming dependency required 
a collective strategy (Ellner 2008; Goforth 2012). The es-
tablishment of the Venezuelan-Iranian bloc allowed the 
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al against the Bush administration and its invasion of 
Iraq reinforced the anti-imperialist sentiment (Go-
linger 2005). Over time, Chávez’s stance increased his 
popularity, which he used to advance his diplomatic 
relations with Ahmadinejad through frequent trips to 
the Islamic Republic.  
   By the time Chávez arrived in Tehran in 2006, he en-
joyed the effusive welcome of the crowd while receiv-
ing Ahmadinejad’s greetings: “Chávez is my brother 
and a friend of the Iranian nation, seeking freedom 
around the world. He is a worker of God and a servant 
of the people” (quoted in El Universal 2006; Warren 
2006). Strategic visits to Tehran and Caracas became 
key factors for the formation of the Venezuela-Iran 
alliance. Chávez perceived both countries as under 
attack from “U.S. imperialism” (Holland 2006). Pro-
moting the creation of a bloc to counter American 
threats became the primary goal of their meetings.  

leaders to push strongly for their common interests (Go-
forth 2012). The proposal to have a basket of currencies 
rather than just the dollar for the pricing of OPEC oil 
provides an example of their joint efforts. Although their 
proposal failed to pass, both heads of state refused to 
take the OPEC summit’s outcomes as a failure, but as an 
opportunity to emphasize that “with the fall of the dol-
lar, the deviant U.S. imperialism will fall, too” (quoted in 
Lawler 2007; Hulbert 2009). 
   The concern of the American government and pub-
lic grew as both leaders’ contentious discourses kept in-
creasing in provocations (Karimi 2007; Hakinmzadeh 
2009). In 2007, Ahmadinejad’s address to the UN Gen-
eral Assembly caused public uproar when he denounced 
Israel for displacing Palestinians from their land and the 
U.S. for the occupation of Iraq under false excuses (UN 
General Assembly 62nd Session 2007). Public repudia-
tion arose against Ahmadinejad’s statements, yet they 

Source: ITC, 2012 Annual Trade Report and IMF, DOTS 2001-2011.

Figure 1 - Total Venezuelan Exports and Imports to/from Iran (2001-2011)

Table 2 - Total Venezuelan Exports and Imports to/from Iran  (2001-2011)
                 Total of all Products

                                 Unit: millions of U.S. Dollars
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received approval from people in Venezuela, where 
discontent against the U.S.-backed coup that failed to 
remove Chávez (from power in 2002) still prevailed 
in the country (Hakinmzadeh 2009). Ahmadinejad, 
according to Chávez’s statements, represented “one 
of the greatest anti-imperialist fighters and one of the 
great fighters for true peace” (quoted in Karimi 2007; 
Hakinmzadeh 2009). 
   Both presidents proved successful in supporting 
each other, especially in times of crisis (Gerami and 
Squassoni 2008; Romero 2009). To illustrate, over 
time, sanctions on Iran unbalanced the country’s 
economy, so by 2009, Ahmadinejad’s popularity de-
creased considerably. Consequently, the reelection of 
the leader produced mass mobilization from his ri-
val’s supporters as they claimed irregularities at the 
polls. The Iranian government rapidly crushed the 
demonstrators while accusing the West to sponsor 
the revolt (Erdbrink 2009). In these circumstances, 
Chávez showed his solidarity by traveling to Tehran, 
where the Venezuelan president praised Ahmadine-
jad for his reelection and “for standing up to attempts 
by Western forces to destabilize Iran” (quoted in 
Romero 2009). 
   The fact that both leaders possessed the capacity to 
stir up controversy and cause worry within the U.S. 
through their defiant stance and provocative rhetoric 
demonstrates the strength of their alliance (Neuman 
and Romero 2012). Chávez and Ahmadinejad gath-
ered global attention, and by using the world media, 
they advanced their ideology and increased their 
popularity. As such, throughout the years as heads of 
the state they seized control of their own oil indus-
try, consolidated government authority under the 
presidency, allowed basic government functions to 
weaken, oppressed political opponents, and courted 
regional and foreign alliances (Karimi 2007; Gera-
mi and Squassoni 2008; Romero 2011; Martinez and 
Yuan, 2012). 
Venezuelan and Iranian Economic Links

   Working from the little documentation available, as 
the governments of both Venezuela and Iran did not 
report precise figures on their commercial activities 
nor were members of international economic organi-

zation, it is yet possible to shed light on what the coun-
tries share with each other. Data from the Internation-
al Trade Center (ITC) and the International Monetary 
Fund (IMF) provide ample information on the bilateral 
trade between the countries. Statistics on exports and im-
ports offer the means to analyze the phenomenon of how 
political ties result in economic cooperation. The com-
prehensive, timely, and comparable data demonstrates 
that besides diplomatic visits, Chávez and Ahmadinejad 
fortified their alliance through bilateral economic activ-
ities. Table 2 details the economic relationship between 
these countries.
   The data in Table 2 exhibits the rapid increase of eco-
nomic activities right after Ahmadinejad won the presi-
dency of Iran in 2005. From $1 million in 2004, bilater-
al trade surpassed $50 million by the end of 2006. The 
amount registered that year doubled in 2008, when bilat-
eral trade stood out at above $100 million. Even though 
figures reached their highest point during 2008, they de-
creased slightly during the subsequent years (IMF Direc-
tion of Trade Statistics 2006-2012). A possible explana-
tion for the decline of the commercial activities might be 
the result of Chávez’s deteriorating health,  which drove 
Venezuela into political uncertainty and internal con-
flicts (Neuman 2013). Figure 1 displays the rise and fall 
of the economic relationship over time.
   Even though trade activities declined after 2008, both 
countries continued their endeavors of challenging the 
U.S. through their economic and military solidarity (De-
Shazo and Forman 2010; Luxner 2013). Cooperation in 
mining and energy projects helped Iran to obtain compo-
nents and strategic materials for its uranium enrichment 
efforts. In 2008, the Venezuelan mining company CVG 
Minerven granted the Iranian firm Impasco rights to a 
gold mine concession. Iran also became a major investor 
in the Ayacucho oil field project, and Venezuela agreed to 
invest in Iran’s South Pars gas field (Johnson 2012). 
   With regard to cooperation in financing, Venezuela 
agreed on the formation of a bilateral banking system 
in Caracas, which allowed Iran to channel resources for 
its nuclear activities and its Defense Ministry (Johnson 
2012; Goforth 2012). The establishment of the joint air-
line route between Caracas and Tehran and the relaxed 
custom protocols with Venezuela benefited Iran as they 
allowed the transport of suspicious passengers and cargo 
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______________
5The data gathered in Table 2 is a combination of ITC and IMF (DOTS)

(Noriega and Cardenas 2011). Through his friend-
ship with Chávez, Ahmadinejad not only advanced 
his military interest but also found strategic avenues 
to boost his economy, uplift his government, and fur-
ther diplomatic relations. On the other hand, Chávez 
found in Ahmadinejad not only a political ally within 
the OPEC for his efforts to keep oil prices high, but 
also an ideological ally that provided support and le-
gitimacy to Chávez’s anti-U.S. sentiment (Rubin 2008; 
Farah 2011).
   Iran’s economic development deteriorated in part 
because of the growing list of sanctions, which start-
ed during Khomeini’s mandate; yet cooperation with 
Venezuela was minimum (Forero 2013; Luxner 2013). 
Ties between both countries increased only after Ah-
madinejad took office (ITC 2006-2012; IMF Direc-
tion of Trade Statistics 2006-2012). Chávez perceived 
the political orientation of his Iranian counterpart 
as appealing to his cause, and thus forged a partner-
ship with Iran to join efforts for reducing American 
intrusiveness (O’Connor 2002; Gratius and Furtig 
2009; Goforth 2012; Johnson 2012). Over time, such 
alliance resulted into economic cooperation (Laland-
er 2003; Raby 2007; Beasley-Murray, Cameron, and 
Hershberg 2009). 
   The deteriorating health and subsequent death of 
Chávez this year created a state of tension within 
Iran; yet, the election of Nicolas Maduro, politician of 
Chávez’s inner circle, provided assurance of no change 
in the relations with the Islamic Republic (Neuman 
2013). Chavistas , even without Chávez, work on 
maintaining a status quo in the government as doing 
so will result in the continuation of the regime (Neu-
man 2013). Similarly, changes in the government re-
lates not only to Venezuela, but also to Iran. Hassan 
Rouhani replaced Ahmadinejad in office this August. 
Although Rouhani appears as a pragmatic and mod-
erate politician, it is yet early to assume a potential 
improvement in relations between Iran and the West.
Conclusion
   By willingness to speak their mind, Chávez and Ah-
madinejad stirred up controversy, attracting massed 
international attention. The leaders’ political dis-

courses not only built support, but also created distrac-
tion from deeply rooted problems at home, like high 
inflation and soaring crime (Romero 2011; Martinez 
and Yuan 2012; Neuman 2013). Through verbal attacks 
against the U.S. at presidential visits and public events, 
the leaders produced favorable reactions from leftist gov-
ernments and population that felt the necessity of reduc-
ing dependency on the U.S. and promoting regional inte-
gration (Farah 2009; Worth 2009).
   The rise of the electoral left in Latin America that rep-
resents a trend against neoliberalism favored the Ven-
ezuelan socialist and integrationist measures as well as 
the Iranian capital in their economies (Beasley-Murray, 
Cameron, and Hershberg 2009). Apart from the sym-
bolism of defying the West, leftist-inclined governments 
found in the Venezuela-Iran strategic relationship a de-
fensive initiative against American intrusiveness in the 
region (Borbon 2009; Sullivan 2008; Colonel 2005; Harris 
and Azzi 2006; Morgenthau 2009). Even without Chávez 
and Ahmadinejad, Latin American countries might find 
it advantageous to form a regional alliance, under which 
socialist initiatives have a chance to develop.
   Stepping back from the collected data, one can see that 
the Venezuelan-Iranian alliance originated from the fact 
that Chávez and Ahmadinejad shared the same ideolo-
gy-driven foreign policy (O’Connor 2002; Gratius and 
Furtig 2009; Goforth 2012). Both heads of states per-
ceived the U.S. as a threat to their regime and national 
sovereignty. As such, they saw the formation of a stra-
tegic partnership beneficial to reducing American inter-
ference in their countries (Kellogg 2007; Saguier 2007; 
Suarez 2006; Noriega and Cardenas 2011; Johnson 2012).
   The Iranian economic hardship did not constitute the 
sole reason for Venezuela and Iran to establish a coalition. 
My research exposes that international sanctions on Iran 
started years prior to Ahmadinejad’s government, yet co-
operation between both states showed as minimum (ITC 
2006-2012; IMF Direction of Trade Statistics 2006-2012; 
Forero 2013; Luxner 2013). After 2005, these circum-
stances changed with the growth of their economic activ-
ities and with the rise of the presidents as divisive figures 
in world affairs. Their common enemy and anti-imperi-
alist ideology thus drove the relationship to forge eco-
nomic cooperation and strengthen their ties (Sharma, 
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Tracy, and Kumar 2004; Morgenthau 2009). Using pub-
lic diplomacy and political rhetoric as means to sustain 
their popularity and maintain their regime (Yazdani and 
Hussain 2006), Chávez and Ahmadinejad overcame do-
mestic and foreign opposition, which seemed desperate 
to discredit their governments and to force them from 
power (Serbin 2008; Luxner 2013; Forero 2013).
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Abstract.     The purpose of this research was to identify themes in communication between persons 
with Alzheimer’s disease and their spouse caregivers. Theme identification provides insight so that in-
terventions can be designed to improve communication. The long term goal of this research is to im-
prove quality of life for couples experiencing dementia and increase their satisfaction with their rela-
tionship. Thirty transcribed videotaped ten-minute interviews between fifteen couples who consented 
to participate in a previous study (Principal Investigator: Williams) were analyzed to identify common 
themes. Themes included Harmony in Spite of a Memory Disorder, Healthy Acceptance, and Discord 
and Contempt. These themes were further divided into individual subthemes, which included “Loving 
Affection,” “Bringing up the Past,” “Orienting Spouse to the Situation,” “Giving Assurance,” “Fighting 
Acceptance of Illness,” and “Bitterness and Frustration.” Understanding the themes generated within 
the conversations help to further analyze the effects that Alzheimer’s disease has on communication in 
a relationship.

Introduction
   Globally, about 44 million people have Alzheimer’s 
disease (AD) and the numbers continue to grow (Alz-
heimer’s Association, 2013). AD is the most common 
form of dementia, has no cure, and involves loss of 
thinking skills which decrease the individual’s dai-
ly functioning (NIH, 2011). Persons with AD need 
assistance with activities of daily living and family 
members, most often spouses, gradually take on this 
responsibility (Zarit & Edwards, 2008). Caregiving is 
difficult and stressful (Alzheimer’s Association, 2013). 
Often, both physical and mental health suffer as a re-
sult of the demands of caregiving (Irwin et al., 2013; 
Perkins et al., 2013).  Communication is the key to es-
tablishing and maintaining marital relationships, but 
when a spouse is diagnosed with a memory disorder 
such as Alzheimer’s disease (AD), the couple is at risk 
for marital dissatisfaction (Kolanowski, 2004). Along 
with the loss of memory are the unmet relational 
needs such as missed opportunities to grow closer to 
a partner due to frustration, misunderstandings, and 
unmet expectations (Williams, 2011, p. 28). As a re-
sult, spouses are less able to fulfill one another’s needs 

and caregiving partners may suffer from loneliness and 
depression, while the one being cared for may be emo-
tionally neglected (Purves and Phinney, 2012).  Com-
munication difficulties are a major source of caregiver 
burden (Watson et al., 2012). Nurses care for families af-
fected by Alzheimer’s disease in a variety of settings both 
inside the hospital and in the community and therefore 
have the opportunity to support caregivers and to pro-
vide anticipatory guidance about changes in couples’ re-
lationships. The research question that guided this study 
was, “What are the patterns in communication between 
persons with AD and their spouse caregivers?” 
   The long term goal of this program of research is to 
improve quality of life for couples experiencing demen-
tia-related illnesses and increase satisfaction in their 
relationships with significant others. The focus was on 
understanding the human experience in the relation-
ship between the caregiver and the spouse with AD and 
identifying common themes, so that education can be 
designed to improve the quality of communication and 
satisfaction within relationships. 
Literature Review

   The theory of person-centered care of Thomas Kitwood 
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(Kitwood & Bredin, 1992) grounded the study. Respect 
for personhood was a fundamental tenet of his theory. 
Tresolini et al. (1994) describes the evolution of this in-
dividualistic view to that of relationship-centered care. 
To provide the best care for persons with dementia he 
contended that they must be viewed as inseparable from 
their relationships with significant others. This theory 
was designed to capture the social experience between 
caregivers and their spouses.
   There have been several studies that have explored re-
lationships between caregivers and their spouses with 
AD. Purves and Phinney (2012) reported results from 
a qualitative study of two families with a member diag-
nosed with Alzheimer’s disease. Findings indicated fam-
ily members’ frustration and sadness at the changes in 
conversation manifested in themes There’s No Point and 
We Don’t have Conversations Anymore (Purves & Phin-
ney, 2012, p. 289). Some hope was revealed in themes ti-
tled You Find Ways (Purves & Phinney, 2012, p. 290) and 
Keeping Conversations Going (Purves & Phinney, 2012, 
p. 293).  Limitations of the study included the small sam-
ple and that they did not analyze conversations between 
caregivers and spouses but rather asked family members 
about their perceptions of the relationships.
   Davies (2011) used a mixed methods approach to 
study the meaning of commitment in the context of AD 
in six couples experiencing early-stage AD using in-
depth semi-structured interviews. The researchers in-
terviewed couples about their understanding of their re-
lationship. For example, participants were asked to tell a 
story about how they met. This approach focused on the 
participants’ perceptions about their relationship rather 
than analyzing their way of relating as it occurs during 
the interview. Transcript analysis resulted in themes that 
spanned pre-diagnosis, diagnosis, and post-diagnosis 
impact. Couples described themes titles Partnership for 
Life (Davies, 2011, p. 225), Reciprocity (Davies, 2011, p. 
227), Resilience (Davies, 2011, p. 228) and Forgiveness 
(Davies, 2011, p.229). Couples maintained an “us iden-
tity” (Davies, 2011, p. 230), focused on the present, and 
worked on their marriages. 
   Daniels, Lamson and Hodgson (2007) conducted an 
in-depth qualitative analysis of three interviews with a 
couple experiencing AD. The couple answered questions 

such as “Tell us a little about your marital relationship.” 
(Daniels, Lamson, & Hodgson, 2007, p. 164). Themes 
included Preparations for Future Changes (Daniels, 
Lamson, & Hodgson, 2007, p. 169), Family Influenc-
es and Social Support (Daniels, Lamson, & Hodgson, 
2007, p. 170), Life Evaluation and Experiences with AD 
(Daniels, Lamson, & Hodgson, 2007, p. 173). Much of 
what was found concerned reflections on the immedi-
ate and distant past and future in contrast to the cur-
rent study that focuses mostly on the present. 
   Hellstrom, Nolan, and Lundh (2007) reported results 
of a grounded theory qualitative study which included 
20 participants (husbands and wives where a spouse 
had some form of dementia) and 152 interviews. In-
terviews were conducted every six months over a pe-
riod of two years, either in-person or by telephone, in 
separate or joint interviews. At the beginning of the 
two year period, themes centered around togetherness, 
but by the end of the study themes evolved to Mov-
ing On (Hellstrom, Nolan, & Lundh, 2007, p. 403). The 
lengthy time span of the study allowed the research-
ers to describe participants’ perceptions of struggling 
to maintain a close relationship until finally accepting 
spouses’ increasing dependence and subsequent loss 
of mutuality. As in previous studies, the researchers 
relied on participants’ accounts of their evolving re-
lationships rather than analyzing the relationship as 
manifested in the encounters.
   In another grounded theory study, Corcoran (2011) 
identified four care-giving styles (facilitating, balanc-
ing, advocating, and directing) that caregivers used 
when relating to a family member with AD.  Partici-
pants were 42 spouses or other family members who 
were interviewed multiple times at home. Caregivers 
were asked about “a typical day,” “strategies for meet-
ing his or her needs,” caregiving priorities, and how 
they would advise a fictitious caregiver presented in a 
vignette (Corcoran, 2011, p. 466). Thirty participants 
were also videotaped with their family member with 
dementia. Typologies were based on the caregivers’ an-
swers to the interview questions.
   In summary, although a number of studies have been 
conducted to examine the relationship between the 
caregiver and spouse with AD, none have focused spe-
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cifically on analysis of recorded interactions and there-
fore there is a need for further study. The direct analysis 
of conversations provides another lens through which to 
view this relationship. Perceptions are limited by their 
subjective nature and may differ from spouses’ behavior 
during conversations. The purpose of this study was to 
analyze communication between persons with Alzhei-
mer’s disease and their spouse caregivers (CG) in order 
to identify themes in communication.
Design and Methods
This qualitative study, which used a method discourse 
analysis (Potter, 2004), was a secondary analysis of tran-
scribed audio-recorded data designed to characterize 
communication between 15 persons with Alzheimer’s 
disease and their caregiver spouses. The purpose of the 
parent study was to evaluate a 10 week educational pro-
gram about communicating with persons diagnosed 
with AD.  Participants in the IRB approved parent study 
were recruited from enrollees in a day program for in-
dividuals with memory disorders in south Florida and 
their spouses.  Program staff asked spouses if they were 
interested in hearing more about a research study. Those 
interested met with the researcher who explained the 
study, answered any questions and asked spouses for 
consent. Caregiver spouses signed a consent form for 
both themselves and their partners while partners were 
asked for assent at each contact.  Data collection took 
place at their homes. Couples were asked to converse on 
a topic of their choice for 10 minutes while the research-
er turned on the recorder and left the room. 
Qualitative Analysis

   Although most scientific research is based on objective 
approaches, Immanuel Kant proposed that perception 
was based on more than an act of observation and be-
lieved it also entailed a subjective reality that supports 
the notion that “nature was not independent of thought 
or reason” (Streubert & Carpenter, p. 3). A vital yet most 
often forgotten side of science is the human subjectivity 
and interpretation of the world as seen through each in-
dividual lens. This study was designed to capture what is 
happening in marital relationships through the analysis 
of everyday conversations between spouses.

   Transcripts were analyzed with an inductive ap-
proach using methods developed by Potter (2004) fa-
cilitated by NVivo qualitative software. The first step 
was to read through all the transcripts looking for the 
phenomenon of interest: interactions that illuminated 
the relationship between partners. For example, state-
ments reflecting caregivers’ and spouses feelings about 
their relationship and their strategies to maintain their 
relationship through conversation were identified. As 
many examples of the phenomenon as possible were 
gathered. Narrative data before and after the state-
ments of interest were examined to provide sufficient 
context to illustrate meaning.
Data reduction. Words, phrases and statements were 
grouped by commonalities and categorized into codes. 
The two authors jointly coded a subset of the narra-
tive data by categorizing data together. Differences in 
coding were discussed until agreement was reached.  
Next, the first author (AB) independently coded all 
transcribed interviews. 
Data display. Narrative data were re-examined by both 
authors within each of the categories. Categories were 
grouped together to form themes. Direct quotations 
were selected to illustrate each of the themes. Pseud-
onyms were used to protect confidentiality.
Results
Participant Characteristics

   Caregiver participants consisted of five men and 10 
women age 55 and older with normal cognitive ability. 
Their partners’ mean score on the Mini Mental Status 
Exam (MMSE) was 16.81 (SD=7.94), indicating mod-
erate dementia. All couples were living independently 
in the community, English speaking and all but one 
was non-Hispanic White. As shown in Table 1, partici-
pants were well educated with middle income. 
Development of Themes

   Several themes emerged from the data that charac-
terized the couples’ patterns of relating. In some cou-
ples, it was obvious that they remained engaged and 
that they valued their relationship. Theme 1, Harmo-
ny in Spite of a Memory Disorder was evident in their 

59



FAURJ

Volume 3, Issue 1 Spring 2014

conversations. This theme was further broken down into 
two subthemes: “Loving Affection” and “Bringing up the 
Past.” Theme two, Healthy Acceptance was another exam-
ple of a theme that emerged from conversations in which 
it was evident that couples were aware of and realistic 
about the memory problem. Within this theme, two sub-
themes included “Orienting Spouse to the Situation” and 
“Giving Assurance.” For some couples, the third theme 
Discord and Contempt was evident, and its two sub-
themes ”Fighting Acceptance of Illness” and ”Bitterness 
and Frustration” provided evidence of marital problems. 
Themes and subthemes are explained and supporting 
data are provided.
Theme 1. Harmony in Spite of a Memory Disorder
   Conversations that made up this theme validated a 
strong positve relationship characterized by intimacy 
and optimism.  Caregivers chose to foster a loving rela-
tionship and maintain a healthy outlook on the situation.
Subtheme 1. Bringing up the past

   This sub-theme focused on positive reflections about 
the couples shared experiences in the past.  In this exam-
ple, the caregiver offers encouragement to the spouse by 
bringing up the care receiver’s past life. This is a gesture 
that seemed to come from the caregiver’s intention to lift 
up the spouse’s spirits.

Caregiver: I just told them you’re happy all the 
time. I never met anyone who is as happy as you! 
You were born happy. You had a good life, had a 
marvelous childhood, marvelous education, and 
you had a family that was delightful!

Subtheme 2. Loving affection

   Conversations that exemplified this sub-theme were 
present-focused and contained evidence of the affec-
tion they had for one another. In the following inter-
action, the care receiver is concerned about being a 
burden, and the caregiver assures that no matter what 
happens, the spouse will always be loved and cherished. 

Caregiver: I don’t care if you answer the ques-
tion or not.
Care receiver: Well, sometimes I do and some-
times I don’t. 
Caregiver: If you don’t answer, it does not affect 
me. It doesn’t make me unhappy that you don’t. 
As far as I’m concerned, you always get 100.
Care receiver: (Laugh)
Caregiver: More than 100, you’ll stay that way.
Care receiver: I guess the main thing for me is 
that I want you to be happy with me.
Caregiver: I’m always happy with you. That’s 
why I say I’m happy with you whether you an-
swer a question or you don’t answer a question. 
(Laughter from both.)

Theme 2. Healthy Acceptance

  This theme could be described as being aware of the 
memory problem yet having a determination to pursue 
the best quality of life possible despite the problems. 
This awareness could be in the caregiver, the spouse or 
both. Awareness allowed them to engage in honest dis-
cussions about their situation.
Subtheme 1. Giving assurance

   In this subtheme, caregiver demonstrates optimism 

Sample Characteristics
Caregivers Spouses
N % N %

Males 5.0 16.0 10.0 36.7
Females 10.0

M (SD)
36.7 5.0

M (SD)
16.7

Mean Age 77.38 (9.64) 80.31 (7.03)
Years of Education 15.3   (1.84) 14.06 (2.3)
Years in Caregiver Role 3.99   (1.84)
Years Married 46.49 Range 17-60

Table 1
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and acceptance of the spouse. The interaction included 
caregivers reaching out to comfort spouses with sooth-
ing statements. The statements seem to minimize what is 
wrong. Caregivers assure the spouse that they still have 
a loving relationship and many things to be grateful for.

Care receiver: I just think I’m making too much 
of a big thing about my problem.
Caregiver: No you’re not, no you’re not.
Care receiver: No?
Caregiver: No you’re not. Just relax with it. Ev-
erybody’s got some problem. 
Caregiver: Yeah, and we still have quality of life, 
we do things, we love each other, we have many 
friends...We believe that our children and grand-
children care about us. It’s a beautiful day. You 
can see that the sky is clear...And there are so 
many blessings in spite of the frustrations we go 
through.

Subtheme 2. Orienting spouse to the situation

   In this sub-theme, caregiving spouses made efforts to 
supply missing informatiom about everyday life so that 
the spouse with the memory problem could be engaged 
in the situation as much as possible.
In this conversation, the caregiver not only gives the 
spouse assurance, but also orients the care receiver to 
the present situation, offering honesty and support.

Care receiver: There must be something that I’m 
missing and I don’t know what it is.
Caregiver: You’re missing hearing some of the 
things, and you lost some memory, that’s all. 
There’s no question your short term memory is 
not what it was. And part of it is getting older. 
That’s what I learn when I go to these support 
groups. They’re trying to find the answer, and if 
they do, fine.

Theme 3. Discord and Contempt

Unfortunately, there was evidence of marital discord in 
some couples. Conversations pointed to problems with-
in the marriage that could be current or long-standing.
Subtheme 1. Fighting acceptance of illness
   In this sub-theme either the caregiver or the spouse 
with a memory problem evidenced lack of understand-
ing of the memory problem. It was not possible to judge 

whether this was due to lack of information about 
memory disorders, negative attitudes or both.
   In the following conversation, the caregiver expressed 
frustration with the spouse’s longstanding style of re-
lating. Changes in communication are attributed to 
”the way you are” rather than symptoms of the memo-
ry disorder.

Caregiver: And it’s not just the Alzheimer’s 
problem, it’s part of your personality I feel be-
cause you never put yourself out in the begin-
ning so I don’t feel that you can really blame it 
all on your sickness now...But that’s the way you 
always were. You always withdrew from a lot 
of stuff because you didn’t want to get involved.

Subtheme 2. Bitterness and frustration

   Emotional distress in the form of anger, irritation, 
or frustration was the subject of this sub-theme. The 
following conversation reveals the bitter feelings that 
the caregiver holds against the spouse’s past actions in 
a certain situation. The caregiver’s attitudes about the 
relationship are expressed in the midst of the illness, 
and the care receiver’s frustrated reaction toward this 
bitter approach is observed.

Caregiver: Do we still have to continue this? 
Two more minutes, okay, my god. I don’t know 
what to say anymore. 
Care receiver: You’re insisting on one thing 
and...
Caregiver: You’re insisting on another thing. 
That’s the story of my life. It’s always been that 
way.
Care receiver: Poor thing. You really got this 
whole thing I created.
Caregiver: Excuse me, I really don’t even want 
to hear it.
Care receiver: Of course you don’t want to hear 
that.
Caregiver: Okay, you know, if you want to hear 
exactly how I feel..
Care receiver: Nothing to do about it.
Caregiver: If you ever asked me how I felt when 
I had my breast cancer. When I had my...
Care receiver: I was with you.
Caregiver: Oh yeah.
Care receiver: I was with you. I was with you 
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the first time.
Caregiver: Yeah, yeah. You were with me. You 
know, being with me physically is one thing.
Care receiver: What am I supposed to do? I’m not 
the doctor. I can’t go and fix it.
Caregiver: I didn’t ask you to fix it.
Care receiver: The first time, I was there all the 
time.

Discussion
   The primary objective of this research was to analyze 
the communication between individuals with AD and 
their spouses who were also their caregivers. This study 
adds to the literature because it focuses on analyzing 
conversations and relationships in action rather than an-
alyzing interviews conducted with caregivers or persons 
with AD alone. Rather than viewing the relationship as 
told by the participants, we analyzed the conversations. 
We found three overall themes: Harmony in Spite of a 
Memory Disorder, Healthy Acceptance and Discord and 
Contempt. Each of the themes contained subthemes. 
Discord and Contempt contained subthemes of “Fight-
ing Acceptance of the Illness” and “Bitterness and Frus-
tration.” The theme Healthy Acceptance included the two 
subthemes “Giving Assurance” and “Orienting Spouse 
to the Situation.” The theme Harmony in Spite of a Mem-
ory Disorder included the subthemes of “Bringing up the 
Past” and “Loving Affection.” We compared our results to 
other studies of couples affected by a memory disorder, 
but it was somewhat difficult to compare findings since 
previous researchers focused on participants’ reflections 
about their relationship rather than analyzing conver-
sations between partners. Davies (2011) found only 
positive themes in couples’ reflections about their rela-
tionships, including Resilience and Reciprocity (Davies, 
2011, p.227-228). These findings may have differed from 
ours because the couples in Davies’ study could have 
concealed any discord in the interviews. Daniels, Lam-
son, and Hodgson (2007) reported very general themes 
such as Life Evaluation (Daniels, Lamson, & Hodgson, 
2007, p. 173) that did not convey the emotional richness 
found in our results. In a longitudinal study, Hellstrom, 
Nolan, and Lundh (2007) reported general themes from 
interviews as well. They noted a change from a sense of 
Togetherness to Moving on (Hellstrom, Nolan, & Lundh, 
2007, p. 403). Their theme of Moving on may have some 

similarity to our theme Discord and Contempt with 
subthemes such as “Bitterness and Frustration.”  With 
the negative emotions we found, it is possible that some 
participants might begin a process of Moving on to cre-
ate emotional distance. 
   The results of the study revealed several themes 
presented in conversations between the couples. The 
knowledge gained contributes to nursing knowledge 
and allows nurses to be better equipped to educate 
patients and their spousal caregivers about the impor-
tance of communication in maintaining quality of life. 
Research still needs to be done to add to the literature, 
especially regarding the long term outcomes of incor-
porating therapeutic communication in these rela-
tionships. A longitudinal study analyzing the effects of 
these therapeutic communication strategies may serve 
to change how we approach communication during 
interactions with those experiencing AD.  The caregiv-
ers in this study were mostly women from one ethnic 
group, non-Hispanic, Caucasian. Future studies could 
include comparisons by gender and ethnic groups.
Conclusion
   By studying conversational themes between spouses 
experiencing AD nurses can begin to devise strategies 
to help.  With a greater awareness of what is typical, 
nurses can teach caregivers what to expect. With an-
ticipatory guidance, caregivers are more likely to ap-
proach their conversations with more confidence and 
tact. The primary goal of this line of research is to im-
prove quality of life for couples experiencing AD and 
increase their satisfaction with their marital relation-
ship. Education and implementing change in commu-
nication strategies is a step that leads us closer to this 
goal. 
Acknowledgements
This research was supported by funds from an under-
graduate research award, Florida Atlantic University.
References
Alzheimer’s Association, (December 11, 2013). Alzhei
   mer’s and Dementia e-news, Alzheimer’s. www.alz.
   org
Alzheimer’s Association (2013). Facts and Figures. 
www.

62



FAURJ

Volume 3, Issue 1 Spring 2014

   alz.org/alzheimers_disease_facts_and_figures.
   asp#quickFacts
Alzheimer’s disease education and referral Center 
   (2011). NIH. http://www.nia.nih.gov/alzheimers/
   topics/alzheimers-basics
Blieszner, R., & Roberto, K. A. (2009). Care partner re
   sponses to the onset of mild cognitive impairment.  
   The Gerontologist, 50(1), 11-22.
Corcoran, M. A. (2011). Caregiving styles: A cognitive 
   and behavioral typology associated with dementia 
   family caregiving. The Gerontologist, 51(4), 463-472.
Davies, J. (2011). Preserving the “us” identity through 
   marriage commitment while living with early-stage 
   dementia. Dementia: The International Journal of Social 
   Research and Practice, 10(2), 217-234.
Daniels, K. J., Lamson, A. L., & Hodgson, J. (2007). An 
    exploration of the marital relationship and Alzheimer’s 
   disease: One couple’s story. Family, Systems & Health, 
   25(2), 162–177.
Hellstrom, I., Nolan, M. R., & Lundh, U. (2007). Sustain-
   ing ‘couplehood’: Spouses strategies for living positive
   ly with dementia. Dementia, 6(3), 383–409.
Irwin, S. A., Mausbach, B. T., Koo, D., Fairman, N.,Roep
   ke-Buehler, S. K., Chattillion, E. A., & Grant, I. (2013). 
   Association between hospice care and psychological
   outcomes in  Alzheimer’s spousal caregivers. Journal Of 
   Palliative Medicine, 16(11), 1450-1454. doi:10.1089/
   jpm.2013.0130. 
Kitwood T., & Bredin K. (1992). Towards a theory of  de
   mentia care: personhood and well-being. Ageing and 
   Society 12, 269–287.
Kolanowski, A. M., Fick, D., Waller, J. L., & Shea, D. 
   (2004). Spouses of persons with dementia: Their health
   care problems, utilization, and costs. Research in Nurs
   ing and Health, 27, 296-306.
Miles M. B., & Huberman A. M. (2003). Analyse des 
   donne´es qualitatives. 2nd ed. Bruxelles: De Boech 
   University.
Perkins, M., Howard, V. J., Wadley, V. G., Crowe, M., 
    Safford, M. M., Haley, W. E., & Roth, D. L. (2013). Care
    giving strain and all-cause mortality: Evidence from 
   the REGARDS study. Journals of Gerontology Series B: 
   Psychological Sciences & Social Sciences, 68(4), 504-512. 
  doi:10.1093/geronb/gbs084

Potgieter, J. C., & Heyns, P. H. (2007). Caring for a 
   spouse with Alzheimer’s Disease: Stresses and 
   strengths. South African Journal of Psychology, 36(3), 
   547–563.
Potter, J. (2004). Discourse analysis. in M. Hardy & A. 
   Bryman (Eds.) Handbook of Data Analysis. Thousand  
   Oaks: Sage.
Purves, B. A., & Phinney, A. (2012). Family voices: A 
   family systems approach to understanding commu
    nication in dementia. Canadian Journal of Speech-
   Language Pathology & Audiology, 36(4), 284-300.
QSR International Pty Ltd. (2012). NVivo 10, Doncast
   er Rd, Doncaster, Victoria, Australia. Streubert, H. 
   J., & Carpenter, D. R. (2011). Qualitative Research in 
   Nursing. Philadelphia:Wolters Kluwer Health.
Watson, B., Dawn A. L., Savundranayagam, M. Y., & 
   Orange, J. B. (2012). Links among communication, 
   dementia and caregiver burden. Canadian Journal Of 
   Speech-Language Pathology & Audiology, 36(4), 276-   
   283.
Williams, C. L. (2011). What spouse caregivers know 
   about communication in Alzheimer’s Disease: Devel
   opment of the AD communication knowledge 
   test. Issues in Mental Health Nursing, 32(1), 28-34. 
Zarit, S. H., & Edwards, A. B. (2008). Family caregiving: 
   Research and clinical intervention. In R. T. Woods, & 
   L. Clare (Eds.), Handbook of the clinical psychology 
   of ageing (2nd Ed, pp. 255–288). Chichester, UK: 
   Wiley.

63



FAURJ

Volume 3, Issue 1 Spring 20141

Building Marketing Strategies for the Palm Beach Chapter of the
Leukemia & Lymphoma Society Using Geographic Information Systems Technology

Anhar Sarsour, Eric Llufrio and Donald J. Leone
Geomatics Engineering Program, Department of Civil, Environmental and Geomatics Engineering

College of Engineering & Computer Science, Florida Atlantic University, Boca Raton, Florida 33431, USA

Abstract.    The Leukemia & Lymphoma Society (LLS) is the world’s largest voluntary health agency 
dedicated to curing blood cancer. The Palm Beach Chapter requested our assistance in organizing its 
membership data to help in advertising efforts. We concentrated on the LLS program - Team in Training 
(TNT) - the world’s largest endurance sports training program and the number one fundraising arm of 
LLS. Since TNT relies on participants to raise funds for their cause, our goal in this project was to assist 
LLS in enhancing the effectiveness of their advertising efforts using Geographic Information System 
(GIS) technology.  GIS is a helpful mapping tool that stores, manages, and analyzes geospatial data.
   LLS Excel spreadsheet membership data was linked to a second set of geospatial data in a GIS ob-
tained from the Florida Geographic Data Library (FGDL) for the study area encompassing parts of Palm 
Beach, Martin, and St. Lucie counties. The two sets of data were linked using the common parameter of 
zip code numbers. The software, ArcGIS, was used to create fifteen GIS maps showing the geographical 
distribution of such parameters as the number of participants, percentage of participants to the total 
number of participants, median age, and mean income for each zip code. Color coding shows areas (zip 
codes) where there are higher concentrations of participants, leads, etc., as well as the characteristics of 
these areas. Selected analyses of the maps showed that simple marketing strategies could be constructed. 

Introduction

1.1 Formation of the Leukemia and Lymphoma Society 

   This project is the result of an idea proposed by a 
Geomatics Engineering Program Advisory Coun-
cil member Bryan Merritt [12]. The goal was to as-
sist a non-profit charity in organizing member data 
and optimizing advertising efforts by producing 
maps showing key data distribution. The study area 
is centered on Palm Beach County and includes sur-
rounding counties. The charity we worked with is 
the Palm Beach Area Chapter of the Leukemia and 
Lymphoma Society, a charity organization that was 
established by a family that suffered the loss of their 
son, Robert de Villier, to leukemia in 1944 [10]. In 
1949, Robert’s parents started a fundraising organiza-
tion in his name.  The organization later changed its 
name to the Leukemia and Lymphoma Society. The 
Palm Beach chapter serves the Palm Beach, Martin, 

St. Lucie, Indian River, Okeechobee, Glades, Hendry, and 
Highlands counties. The Leukemia & Lymphoma Soci-
ety’s mission is to “cure leukemia, lymphoma, Hodgkin’s 
disease and myeloma, and improve the quality of life of 
patients and their families” [11].  Funds raised by LLS are 
used for research programs relating to patient-commu-
nity care, public health education, professional education 
and fundraising. In 2011, LLS funded over $70 million in 
blood cancer research to help patients with acute myeloid 
leukemia, non-Hodgkin’s lymphoma, acute lymphoblas-
tic leukemia and myeloma. Some ways to help LLS are: 
individual donation, end of year giving (giving gifts on 
holidays), volunteering, sponsoring events and partici-
pating in sporting events. 
Our project concentrated on the “Team in Training” 
(TNT) program, the world’s largest endurance sports 
training program, and the number one fundraising arm 
of the LLS [11]. TNT was established in 1988, by Bruce 
Cleland of Rye, NY, who formed a team to raise funds and 
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train to run the New York City Marathon in honor of his 
daughter Georgia, who is a leukemia survivor. With the 
efforts of Cleland and the Hudson Valley Chapter, Team 
in Training was established and has grown into the 
world’s largest endurance sports training program. All 
funds raised by the TNT program are used for helping 
patients with leukemia and other blood cancers. Partic-
ipants must raise a certain minimum dollar amount for 
each event. This amount includes training and expenses 
for travel and boarding. 

1.2  Use of Geospatial Tools 

   Since TNT depends on participants to raise funds for 
their cause, an improved marketing strategy could help 
boost the number of participants, thereby increasing the 
amount of funds raised. A Geographic Information Sys-
tem (GIS) is a very helpful marketing tool that stores, 
manages, analyzes and displays geospatial data. 
   Management decisions are highly dependent on the 
vision and mission of an organization. However, there 
are techniques that can assist in the decision making 
process like segmentation, a statistical classification 
technique that divides a market into different groups, 
and targeting, that require the use of GIS technology. In 
order for a company to survive, it must make its market 
transparent and know which customer to target in ad-
vertisements and campaigns [8]. The geo-demograph-
ical segmentation technique was successfully tested by 
many researchers and was proven to produce positive 
results. Demographics, social, economic and behavioral 
activities of a region, are all important factors that need 
to be considered before advertising for a specific activ-
ity or business [1]. Although some studies [9,7,2] used 
different combinations of the important factors listed 
above, our study was unique in using the combination 
of age distribution, sporting propensity (since this was 
a TNT function), and mean household income (since 
TNT performers paid for some of their training) as pa-
rameters in a GIS analysis.
   A starting point for a business would be to understand 
and know the demographics and needs of the customer. 
Factors such as gender, race and income are linked to 
the product and service demand. A business marketer 
must sell the items to customers that need and will ben-

efit from the product. 
   Geo-demographical segmentation divides a market 
into different groups according to factors such as age, 
income and sex, which are usually associated with cer-
tain geographical variable such as zip codes. Since a 
picture can more effectively convey data patterns and 
trends, a GIS is a system able to perform the process-
es necessary to carry out, and display results from, a 
geo-demographical segmentation study. A GIS helps 
marketers to convert lists of data (e.g. zip codes) into 
information that can assist in the decision-making 
process by effectively targeting mailing areas, and iden-
tifying customer patterns and trends.
   In this project a GIS was created with functions that 
included the following results: 

•	 Maps that depict the location of all the leads   
and participants (where the top leads and par-
ticipants are spatially located). Leads are iden-
tified as individuals who have indicated an 
interest in taking part in TNT, while partic-
ipants (also referred to as Participants-Com-
pleters) are the leads who actually completed 
the event.

•	 Maps that illustrate participant and leads in-
come and population distributions by zip 
code.

•	 Maps showing the distribution of participants 
in specific TNT events such as cycling, triath-
lon, etc.

   The maps enable a greater understanding of potential 
customers’ characteristics. In order to be able to have 
a successful marketing strategy, an organization must 
have its data well organized. LLS gathered all the in-
formation provided in the Excel spreadsheets through 
online applications. Interested people who called were 
directed to go to the Web site where they could input 
their data online. All the data was then inserted into 
spreadsheets. With the help of project initiator Bryan 
Merritt, we were provided with all the required data 
spreadsheets from Elizabeth Hughes, Deputy Execu-
tive Director of the Palm Beach Chapter.  However, the 
data supplied was not in a format compatible for au-
tomated inclusion into a GIS dataset, obtained to pro-

2



FAURJ

Volume 3, Issue 1 Spring 2014

duce thematic maps. This required much manipulation 
of the data in the spreadsheets, followed by manually 
inserting certain critical data, such as the number of 
participants/completers per zip code, into the GIS da-
tabase.  The process we used is documented in the next 
(Methods) section.

Methods

   With the data and an idea of what the final product 
should accomplish, the process of building maps began.  
Several methods for displaying the data on a map were 
discussed. It was decided that working with the data 
at a street address level would be difficult. A zip code 
boundary map of the project area was obtained from 
the Florida Geographic Data Library (FGDL) [5] web-
site and was used as the base map, using zip codes as the 
primary mapping entity. Trying to place all the data on 
one map proved to be difficult since there would not be 
sufficient room for all the labels in each zip code area. 
Therefore, the decision was made to create multiple 
category-specific maps. The categories of interest used 
were: zip code, post office name, population, percent of 

total area population, household mean income, medi-
an age, participants-completers, leads, participants to 
population ratio, and leads to population ratio. Also, 
five TNT sport participant specific maps were created: 
Running, Walking, Run/Walk, Cycling, and Triathlon.
   Each zip code associated with the FGLC base map, 
along with population for the year 2000, area, and 
some other data, were already available in the attri-
bute table attached to the shape file from FGDL. Every 
shape file processed by the ArcMap software has an at-
tribute table, much like a spreadsheet, which contains 
information about each map feature (See Table 1 – At-
tribute Table). A map feature is a polygon shape rep-
resenting the area of each zip code. In this case, each 
zip code feature has a feature ID field (column) with 
a unique numbered identifier for each feature, a name 
field which contains the 5 digit zip code of each feature, 
an area field, a population field, and a post office name 
field.

Table 1 - Attribution Table

3
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   One of the category specific maps involved the display 
of the population for each zip code. However, the pop-
ulation data from the base map was for the year 2000.  
State population numbers from 2000 and 2011 [5] were 
used to calculate the State’s population growth from 
2000 to 2011.  The State population growth number 
was then used to adjust the 2000 zip code populations 
to 2011 values.The adjusted population value for each 
zip code was entered into a new field (column) in the 
attribute table. Then a category specific map depicting 
population distribution of the target area was created, 
which showed the values plotted for each zip code area 

with each area color coded light gray to dark gray from 
lowest value to highest, respectively. A typical map is 
shown in Figure 1 - LLS Leads by Zip Code, presenting 
the number of leads for each zip code.
   One of the strong parameters for evaluating the par-
ticipation numbers, along with population, is the aver-
age (mean) household income and median age for each 
zip code. The average household income data for each 
zip code in the study was for 2000, so the income had 
to be projected to 2010. This was done by incorporating 
data from the Table H-8 Median Household Income by 
State[13]. Using the ratio of 2000 to 2010 mean house-

4

Figure 1 - LLS Leads by Zip Code
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hold income numbers for Florida, data for each zip code 
was projected from 2000 to 2010. In a similar process, 
Median Age data [14] for  2010 was generated for each 
study area zip code. The mean household income and 
median age demographic data was then entered into the 
map attribute table as separate columns.
   After creating the population, average household in-
come, and median age maps, the actual TNT Partici-
pants-Completers and Leads data from the Leukemia 
and Lymphoma Society files (Excel spreadsheets) were 
manually imported into the ArcMap program. Format-
ting of the Participants-Completers and Leads spread-
sheets was required before importing the data. First the 
Excel ‘Text to Columns’ tool was used to truncate the zip 
code in the spreadsheets to five digits. This allowed the 
zip codes to be sorted, and match the fields in the Arc-
Map attribute table. The entries with zip codes which are 
not part of the project area were removed. The entries 
were checked for duplicates so that each participant or 
lead would only be counted once. After the spreadsheets 
were prepared, the number of entries (e.g. participants 

or leads) for each zip code was counted using the Ex-
cel ‘COUNTIF’ function (Excel’s COUNTIF function 
is used to count up the number of cells in a selected 
range that meet specified criteria). These counts were 
then entered into the ArcMap attribute tables for each 
corresponding map (See Table 2 – Category Specific 
Map Titles).
   The process for entering sport-specific data was ac-
complished in a similar fashion. Duplicates were per-
mitted since a participant could participate in more 
than one event type. With the zip codes truncated and 
entries from outside of the project area removed, the 
entries were now sorted by sport. All entries for each 
sport were moved to their own spreadsheet and sorted 
by zip code. Again the number of entries for each zip 
code was counted using the ‘COUNTIF’ function. This 
data was transferred to the attribute tables in ArcMap 
and maps were created for each sporting event. These 
maps were used by the software to create the category 
specific maps which were exported to PDF. (See Table 
2 – Category Specific Map Titles).

   Another way of portraying the data was investigated.  
The method involved a KML file that could be used in 
Google Earth. This resulted in a place mark being gen-
erated to indicate the location of each participant-com-
pleter, and lead listed on the Leukemia and 
Lymphoma Society excel spreadsheets (see Figure 2 
– LLS Data on Google Earth). A place mark was po-
sitioned at the street address of each entry. The place 
marks were organized into different layers, e.g. partic-
ipants-completers, which could be individually shown 

or hidden with a checkbox. A different color was se-
lected for each layer’s place marks.
   Participant-completers were colored green, and leads 
were colored yellow but are shown in Figure 2 – LLS 
data on Google Earth as white symbols. Clicking on 
each place mark would show additional information 
about that entry from the spreadsheet including name, 
sport, and events they had participated in or were in-
terested in. An attempt was made to complete just the 
entries within a single zip code and though it looked 

5

1. Zip Codes 9. 2010 Household Mean Income by Zip Code
2. Post Offices 10. Running by Zip Code

3. Participants - Completers by Zip Code 11. Run/Walk by Zip Code
4. Participants Index by Zip code 12. Cycling by Zip Code

5. Leads by Zip Code 13. Walking by Zip Code
6. Leads Index by Zip Code 14. Triathlon by Zip Code

7. 2011 Population by Zip Code 15. Median Age by Zip Code
8. 2011 Per Cent Total Population

Table 2 - Category Specific Map Titles
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impressive, it became apparent that this would take too 
long to complete by hand. A computer script to auto-
matically create the place marks within the KML file was 
also attempted, but did not work properly. To add diffi-
culty to this issue, some of the address data was miss-

ing, P.O. boxes did not show up correctly, and business 
addresses did not accurately show the location of the 
lead or participant [3]. As more issues were discovered, 
the task was abandoned in favor of the zip code based 
analysis.

Figure 2 - LLS Data on Google Earth

Results

   As mentioned above, the goal of this project is to as-
sist the Leukemia & Lymphoma Society of Palm Beach 
in organizing member data and optimizing advertising 
efforts. Our endeavor lead to the creation of fifteen 11 
by 17 inch category-specific maps (see Table 2) using 
the ArcMap Geographic Information Systems software 
package. This size map was chosen so that all map de-
tails could be clearly seen. The maps are listed in Table 
2 – Category Specific Map Titles. A typical map showing 
the numbers of Participants - Completers is shown in 
Figure 3 – LLS Participants-Completers by Zip Code.
Interpretation of Results - Single Map Analysis:

   Looking at the Participants- Completers Map, Figure 
3 - LLS Participants-Completers by Zip Code, we can 
see the areas of high participation and low participation. 
One marketing strategy might be to focus marketing ef-
forts to try to increase participants in the low yield areas 

(light gray). The other individual maps can be used in 
a similar manner.

Four Parameter Analyses:

   As an exercise to show how these maps can be used, 
we assumed a correlation between the large number of 
leads, and the proposed important parameters of large 
population, high mean income and low median age. 
Several individual zip codes were analyzed using pop-
ulation (A), leads (B), and mean household income (C) 
maps and noting the median age. A high correlation 
was observed between the large number of leads, high 
population, and low median age in the three examples 
shown below. Mean household income did not seem to 
correlate with high numbers of leads.

6
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Figure 3 - LLS Participants - Completers by Zip Code
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A. Population B. Leads C. Mean Household Income

Figure 4  - Royal Palm Beach , zip code 33411, has the highest number of leads in the target area as 
well as the highest population. Though household income is average, the median age in this zip code 
is 39.8 years.

A. Population B. Leads C. Mean Household Income

Figure 5 - St. Lucie West, zip code 34953, also has a high population and high number of leads with a 
lower mean household income. This zip code also has a lower median age of 35.2 years.

A. Population B. Leads C. Mean Household Income

Figure 6 - Hobe Sound, zip code 33455, has average population and low participants. However, the median 
age is 56.6 years, so this area might not yield a satisfactory response to advertisement.

8
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A. Population B. Participants - Completers

We have noted several observations when comparing 
the leads analysis trend to the participants-completers 
population. Using the result from the leads analysis for a 
few particular zip codes, we looked at maps the popula-

tion map (A),  number of participants-completer’s map 
(B), and median age, and noticed that an increase in ad-
vertising in the following areas could be considered:

Figure 7 - Loxahatchee, zip code 33470 has an average population but low participants. 
The median age for Loxahatchee is 39.5 years. This area might be a good candidate for 
advertising.

A. Population B. Participants - Completers

Figure 8 - Boca Raton, zip code 33428, has a high population but low participants. The 
median age for this Boca Raton zip code is 41.1. This area might be a good candidate for 
advertising.

9

A. Population B. Participants - Completers

Figure 9 - Hobe Sound, zip code 33455 has average population and low participants. 
However, the median age is 56.6 years, so this area might not yield a satisfactory response 
to advertisement.
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Conclusions/Recommendations

   In this project we successfully completed the list of de-
liverables for LLS using GIS procedures. The following 
goals were achieved:

•	 Maps that show the location of all the leads and 
participants (where the top leads and participants 
are spatially located).

•	 Maps that depict participant and leads mean in-
come, population distributions, and median age by 
zip code.

•	 Maps that illustrate the distribution of participants 
in specific TNT events such as cycling, triathlon, 
etc.

   These maps were based on zip code areas which were 
the common parameter that allowed the linkage be-
tween the LLS Excel spreadsheets and the GIS map at-
tribute table. The maps will enable the LLS to discern 
the patterns that show where TNT advertising will be 
the most effective in promoting events to raise money.
   From a limited number of parametric studies of cho-
sen zip codes, we found a hypothetical correlation be-
tween high number of leads and low median age. This 
criterion could be used as a first method to establish ad-
vertising target areas.
   To produce a more in depth analysis, it is recommend-
ed that the study be extended to include:

•	 A more rigorous statistical analysis to confirm our 
assumed correlation.

•	 A four parameter study of all the zip codes in the 
study area.

•	 Census demographic data such as age distribution 
and gender.

   Another method of producing maps, other than a GIS, 
was investigated.  Due to problems handling large sets 
of data, Google Earth failed provide a system whereby 
the data could be displayed and analyzed.
   Toward the end of this project, FAU acquired the Busi-
ness Analyst extension to the ArcGIS software. Any fu-
ture work on this project should consider using Busi-
ness Analyst to handle the incorporation of the census 
demographic data in an efficient manner. Business

Analyst may also allow multiple criteria (similar to the 
four parameter analysis) to be queried automatically.
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Abstract.  The international community agrees that investing in education is vital for a country’s de-
velopment. An anomaly in the literature is that while education has a demonstrable positive impact 
on individual earnings, it has minimum economic impact on a country’s income in aggregate.  One of 
the reasons for this is that most studies account for increased enrollment while neglecting the impact 
of educational quality.  As universal school access becomes a reality, there is growing interest among 
countries in determining the factors that influence the quality of education. This study uses data from 
one international educational assessment program to study the impact of family background and the 
interaction between public funding and public school management on reading, writing, and science test 
scores. I show that family background, particularly mother’s education level, has a strong influence on 
performance. The study also suggests that school performance can be improved when public funding is 
allocated to privately managed schools. 

Introduction

   Every nation that aspires to be productive and pros-
perous realizes education is the foundation on which 
to build a great society. Nelson Mandela (2003) fa-
mously stated that, “Education is the most powerful 
weapon which you can use to change the world.” The 
2011 UNESCO Education Counts Report has shown 
how access to education creates positive spillovers, 
affecting global development challenges such as erad-
icating poverty, promoting gender equality, reducing 
child mortality, improving maternal health, combat-
ing HIV, malaria and other preventable diseases, and 
encouraging environmental sustainability (UNESCO, 
2011).
   Achieving universal education access is a focus of 
the international development agenda. Many efforts, 
such as the “Education for All” initiative, express the 
international community’s commitment to provide 
basic education for all children, youth, and adults. 
During the past two decades, poorer countries have 
considerably improved school enrollment rates, pri-
mary school completion, and the proportion of stu-
dents starting grade 1 who reach grade 5, narrowing 
the schooling gap between richer and poorer coun-
tries.  Although these are all great achievements, em-

pirical evidence shows that these improvements in the 
quantity of schooling have not had a significant econom-
ic impact on poorer countries (Hanushek & Woessmann, 
2008). Hanushek & Woessmann (2008) also note that the 
positive correlation between education and economic 
growth is clearly observed when models include qualita-
tive elements such as cognitive skills measured by inter-
national assessment scores.
   Since empirical evidence suggests a strong positive cor-
relation between cognitive skills and desirable economic 
outcomes, understanding how to achieve this on an in-
dividual, school, and country level is essential to pro-
mote economic growth. Currently, cognitive skills mea-
surement relies on international assessment scores and 
surveys. In the mid-1960s, an international consortium 
was created to implement and compare students’ exam 
performance across nations. The study collected specific 
data on student background and study habits, as well as 
school attributes, such as if the school is private or public, 
and how it is funded. Currently, three major internation-
al testing programs conduct worldwide assessments of 
educational quality. The most comprehensive and rigor-
ous of these is the Programme for International Student 
Assessment (PISA), which has tested the reading, math-
ematics, and science skills of 15 year old children every 
three years since 2000. 

12
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   This study in particular uses PISA 2009 data from 65 
participating countries. Given countries’ growing inter-
est in improving school quality and student outcomes, 
using PISA data to perform educational analysis and 
comparisons on all levels is a powerful tool to under-
stand and promote policies that foster higher student 
performance. This paper makes a country-level analy-
sis investigating the impact a country’s GDP per capita, 
the school type (private or public), government fund-
ing, and parents’ background, has on a country’s perfor-
mance on PISA

Brief Litereture Review   

   The assumed public benefits of education for society 
has prompted governments to take a leading role in 
managing and funding schools. However, a large con-
stituency interested in improving school quality and 
student outcomes has challenged governments’ primary 
role in education (Brewer & Hentschke, 2009).  As pub-
lic schooling levels increase around the world without 
major economic impact, an increasing number of coun-
tries are wondering whether the public interest might 
be better served when private entities are involved in 
managing and funding schools (OECD, 2012). Recently 
a number of countries have welcomed involvement of 
private entities in funding and managing schools. The 
hope is that this approach not only broadens responsi-
bility for schools beyond governments, but also provides 
parents and students with more choices while spurring 
creativity and innovation. 
   Findings from studies investigating the impact of pub-
lic and private involvement on performance are mixed. 
Studies in Chile (Lara, Mizala and Repetto, 2009), Czech 
Republic (Filer and Munich, 2003), Sweden (Sandström 
and Bergström, 2005), the United Kingdom (Green, et 
al., 2011) and the United States (Peterson, et al., 2003) 
demonstrated through cross-sectional and longitudinal 
data that higher private school enrollment is correlat-
ed with better academic performance. Additionally, 
cross-country studies based on data from PISA 2000 
and PISA 2003 indicated that countries that allocate 
public funds to privately managed schools tend to have 
overall higher scores (West &Woessmann, 2010; Woess-
mann, 2006; Woessmann, 2009). On the other hand, 
other studies showed little or negative effect of private 

involvement on performance. Studies using USA data 
indicated that higher private school enrollment had no 
significant effect on performance (Geller, Sjoquist and 
Walker, 2006), and other studies showed a small nega-
tive effect for low-income district (Maranto, Milliman 
and Scott, 2000). The differences in results are related 
to methodological choices, and vary among countries.
  The literature indicates that another major determi-
nant of student performance is family background 
(Coleman et al, 1966). The relationship between fam-
ily background and performance is well understood 
to some extent, but some connections are not so clear 
(Levin & Belfield, 2002). In general, parents with high 
levels of education may spend more time with their 
children and may interact with their children in ways 
that promote better educational outcomes. Also, par-
ents with prestigious careers may become role models 
to their children, who in turn devote more efforts to be 
successful in school (Kohn, 1969). In addition, fam-
ilies from wealthier socioeconomic backgrounds can 
provide a proper study place for their children, such as 
a quiet place, computer, and other resources that can 
enhance and motivate learning. Community may also 
play a role in student performance, since the location 
of the school is related to the types of resources nearby, 
such as libraries and museums, which support learn-
ing outcomes. Students without these privileges might 
find it more difficult to perform well in school. 
   The PISA assessment includes an index of social, 
economic, and cultural status - a broader concept than 
family background. The index is calculated using par-
ents education and occupation, as well household pos-
sessions. The average socioeconomic index of students 
attending a school refers to the school’s socioeconomic 
background. When high performing schools within a 
country are accessible only to students from affluent 
backgrounds, leaving students from disadvantaged 
backgrounds to the least efficient schools, this segrega-
tion leads to high socioeconomic stratification between 
schools. When ‘classes’ of schools are created based on 
the socioeconomic backgrounds of the students the 
consequence is unequal educational opportunities 
and outcomes. Some countries have low levels of so-
cioeconomic stratification in their education systems, 
thereby maximizing equity and social cohesion, along 
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with a high performance on PISA. In most PISA par-
ticipating countries, students that attend private schools 
tend to have a higher average socioeconomic status than 
those who attend public school.
   Socioeconomic stratification between private and 
public schools is more pronounced in some countries 
than others. For example, in Sweden, Finland, Neth-
erlands, the Slovak Republic, Slovenia, Germany, Bel-
gium, Hungary, Luxembourg, and Ireland, over 80% 
of private schools are publicly funded, while in New 
Zealand, Panama, Brazil, Kazakhstan, and Peru, pub-
lic funding accounts for less than 10% of private school 
funding. Results show that socioeconomic stratification 
is not affected by the number of private schools. Howev-
er when private schools are publicly funded there is less 
social stratification between public and private managed 
schools.
   One approach to transferring public funds to private-
ly managed schools is through vouchers and tuition tax 
credits given to parents. Vouchers are classified into two 
types: universal, available to all students, and targeted 
vouchers provided to disadvantaged students.  Both in-
fluence socioeconomic stratification differently. PISA 
scores show that countries with low levels of socioeco-
nomic stratification are overall better performers, ulti-
mately creating policies that promote equity and social 
cohesion without sacrificing strong performance in the 
school system (OECD, 2012). Our study seeks to repli-
cate some of these findings with a particular focus on 
the effects of parental education and the interaction be-
tween public funding and public ownership of schools.

Data

   The data used for this study was retrieved from The 
Program for International Student Assessment (PISA) 
2009 database and the World Bank Education database. 
In 2009, a sample of 470,000 students from 65 countries 
completed the PISA assessment in mathematics, read-
ing, and sciences, representing a population of 26 mil-
lion 15-years olds. In order to provide valid estimates on 
student achievement and characteristics, the program 
enforces international guidelines on each participating 
country to select a diverse sample of students to repre-
sent the full population of 15-years old. Each country is 

required to select a minimum of 4,500 students from at 
least 150 schools, both privately and publicly managed. 
The guidelines also require that samples of 35 students 
be selected with equal probability within schools. More 
specifically, the age of students selected ranges from is 
15 years and 3 months to 16 years and 2 months at the 
beginning of the testing period, and they were in 7th 
grade or higher. The age criteria and exam questions 
enforce PISA’s emphasis on measuring functional skills 
that students have acquired as they approach the end of 
compulsory schooling (Fleischman, Hopstock, Pelczar 
& Shelley, 2010). 
   During the assessment, each student spends approxi-
mately two hours answering multiple-choice questions, 
constructing their own answers, and carrying out tasks 
in reading, mathematics and science. Students also an-
swer a survey about their background, learning hab-
its, attitudes towards reading, their involvement and 
motivation. PISA also reaches out to school principals 
to complete a questionnaire about demographic char-
acteristics, quality of learning environment, and more 
issues related to school operation (OECD, 2010-a).
PISA’s data collection methodology generates a wealth 
of micro-data which is very useful in drawing conclu-
sions on educational outcomes. Since our main goal 
was to observe the impact of parents’ educational back-
ground and the interaction between public funding 
and public management of schools on performance, 
we selected the variables described below in Table 1. 
The PISA data was merged with income data from the 
World Bank’s World Development Indicators. 
   PISA data shows countries with varying income levels 
and number of public schools. Interestingly, the mean 
number of mothers with upper secondary education 
is slightly higher than the number of fathers, although 
the variance is higher for mother’s education.  In Table 
2, we separate countries by income level into approxi-
mately equal two equal sized groups, one group with 
income greater than $25,000 in purchasing power par-
ity (PPP) dollars and the other with income less than 
PPP $25,000.  As one might expect, richer countries 
perform better on all three testing categories in PISA 
than poorer countries. Although there are great so-
cio-economic variations within countries, richer coun-
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tries in general have access to better educational resources and may be able to allocate resources more efficiently 
than a country with lower income per capita.
   In Table 2 countries are separated by income levels (less $25,000 PPP and income more than $25,000 PPP).  There 

are about the same number of countries in each income group.  As expected, high-income level countries perform 
better than low-income level countries in all three subjects.
   In a number of countries, public funding for schools is available regardless of whether a school is publicly or 
privately managed.  For example, the system of providing student vouchers would result in public funds going to 
private schools.  We are interested in whether this is an effective way to improve school quality and Table 5 shows 
the differences in test scores based on whether a government funds schools regardless of whether the school is a 
public or private school. Countries with a higher number of schools subsidized by government funding have 
higher average scores on all three PISA assessments.
Hypothesis and Methodology

Variable Obs Mean Std. Dev. Min Max

Reading Score 58 462.0659 47.28554 361.52 535.88

Math Score 58 462.796 54.34948 359.75 562.02

Science Score 58 468.4848 52.22789 369.35 554.08

Percent 
Public Schools

68 81.77118 22.22892 3.98 100

Percent 
Govt. Funding

63 84.54762 14.0527 43.9 99.8

Gov*Pub 57 64.08063 178.0856 -571.457 638.0826

% of Father’s with 
Upper Secondary 

Education

58 64.70552 18.31788 30.18 93.5

% of Mother’s with 
Upper Secondary 

Education

58 65.91034 20.42483 18.26 94.96

PPP Income per 
Capita

63 $25,393.69 $16,123.66 $2,866.24 $79,351.88

Table 1 - Descriptive Statistics

Table 2 - Mean Score by Income Level
Average Math Score Average Reading Score Average Science Score 

Income less than $25,000PPP 429.6996 433.9829 438.1546
Income more than $25,000PPP 495.945 491.0971 499.3943

Total 462.8223 462.54 468.7745
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   The model we estimate is based on the idea of an educational production function, where the output is the score 
on a test, as well as results from a number of educational inputs such as family background, educational spending 
and policy measures (which would impact the effectiveness with which these variables affect test scores). We use 
PISA scores on reading, mathematics and science as the dependent variables for this paper.  PISA ranks countries 
based on their mean score on each area; they do not provide a collective score of all subjects combined.  While we 
could have simply added the scores together, keeping the data in its raw form from the three subject areas allow us 
to analyze any possible differences between them.  

Govt. Funding Percent 
Public Schools

Mother’s 
Education

Father’s 
Education

Income < $25,000PPP 83.38182 87.767419 61.137097 61.334194
Income > $25,000PPP 86.51071 83.6732 71.611154 68.555385

Table 3 - Mean Values by Country Income Level

   In most countries, educational systems are composed of public and private schools. Public schools are managed 
and funded by the government, while private schools are managed by a non-governmental organization relying on 
public and/or private funding to operate. The PISA database allows researchers to analyze the impact of public and 
private school management and funding on student performance. In Table 4, the mean scores by public schooling 
indicate that countries with a greater number of public schools perform better. Once again, the dividing line of 
90% was chosen so that there were roughly equal numbers of countries in each group.

Average 
Math Score

Average 
Reading Score

Average 
Science Score 

Less than 90% Public 438.7486 445.8659 447.3909

Greater than 90% Public 481.7548 477.911 487.5307

Total 463.2031 464.0876 470.2155

Table 4 - Mean Scores by Public Schooling

Average Math Score Average Reading Score Average Science Score 

Less than 90% Govt. Funding 439.9671 448.3404 449.31

Greater than 90% Govt. 
Funding 

483.2286 474.2996 485.6743

Total 461.5979 461.32 467.4921

Table 5 - Mean Scores by Government Funding

16
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   The independent variables selected were the country’s 
per capita income (pcippp), percentage of the total fund-
ing for a typical school year that comes from the govern-
ment (%govtfunding), the percentage of public schools 
(%pubschools), the interaction between government 
funding and public schools (%pubschoolsx%govtfund-
ing), the percentage of fathers with upper secondary ed-
ucation or more (FEDU), and the percentage of mothers 
with upper secondary education or more (MEDU).
Economic theory favors private schools over public 
schools for many reasons. First, private schools in gen-
eral enjoy autonomy to define their own curriculum and 
greater flexibility to allocate resources - which may lead 
to more innovation. Second, competition leads to effi-

ciency among private schools that translates into more 
resources to attract better teachers, equipment and in-
frastructure. We test whether students attending pri-
vate schools will have better academic achievement. 
   However, better performance at private schools may 
simply reflect the selection of more affluent students 
who can afford private schools and have access to more 
resources at home. Thus, school type might lose sig-
nificance when family background is controlled for. 
Regardless of whether the school is private or public, 
parents with high levels of schooling are better capable 
to provide more resources for education at home, more 
likely to participate in children’s learning experience, 
and motivate children to be high achievers. 

Math Science Reading PCIPPP Govt. 
Funding 

Percent 
Public 

Schools 

Father’s 
Education

Mother’s 
Education

Math 1.00

Science 0.97* 1.00

Reading 0.95* 0.98* 1.00

PCIPPP 0.57* 0.53* 0.53* 1.00

Govt. 
Funding

0.52* 0.49* 0.43* 0.14 1.00

Percent Public 
Schools

0.18 0.16 0.14 -0.11 0.28* 1.00

Father’s 
Education

0.43* 0.43* 0.38* 0.21 0.57* 0.41* 1.00

Mother’s 
Education

0.50* 0.51* 0.46* 0.24 0.62* 0.37* 0.97* 1.00

 *significant at 5%

Table 6 - Correlation between Variables
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   Additionally, affluent families tend to live in affluent 
communities, which leads to better learning environ-
ments and associations in general, regardless of whether 
the school is publicly or privately-managed. In less afflu-
ent communities, public schools are more likely to have 
difficulty attracting quality educational resources, such 
as quality teacher and administrators, leaving the child 
at a disadvantage especially if the family has low edu-
cation levels. Hypothetically, students from ‘advantaged’ 
background families can afford private school or have 
access to a high quality public school, while disadvan-

taged background family cannot afford private school 
and are limited to a low quality public school. We pre-
dict that allocating public funds to privately managed 
schools will lead to better performance, since the un-
derlying assumption is that disadvantaged children will 
be able to enjoy a better education. 
   Although at first glance the data seems to favor pub-
lic schools, we hypothesize that countries that allocate 
public funds to privately managed schools are better 
performers on PISA. Thus, we include the interactive 
variable between percentage of public schools and per-

Variable Math Score Science Score Reading Score
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Percent 
Public 

Schools

0.4332
(0.3772)

0.3832
(0.3762)

0.2599
(0.3733)

0.2315
(0.3678)

0.2592
(0.3438)

0.2411
(0.3451)

Percent Govt. 
Funding

1.6941***
(0.4668)

0.8703
(0.5191)

1.7312***
(0.462)

0.8785
(0.5075)

1.3424***
(0.4254)

0.6277
(0.4762)

Gov*Pub -0.0645*
(0.0322)

-0.0887*** 
(0.0326)

-0.0567*
(0.0319)

-0.0802***
(0.0319)

-0.0564*
(0.0294)

-0.0757***
(0.0299)

Father’s 
Education

-1.577
(1.1181)

-1.8264
(1.093)

-1.5786
(1.0255)

Mother’s 
Education

2.3002**
(1.0174)

2.5232***
(0.9946)

2.1499**
(0.9332)

per Capita 
Income PPP

0.0013**
(0.0004)

0.0012***
(0.0004)

0.001**
(0.0004)

0.0009**
(0.0004)

0.001***
(0.0003)

0.0008**
(0.0003)

Constant 249.3607***
(42.0554)

279.1216***
(40.6078)

275.1595***
(41.6205)

306.8161***
(39.6964)

304.8187***
(38.323)

331.5608***
(37.2463)

Number of 
Obs.

50 50 50 50 50 50

Adjusted R2 0.4583 0.5288 0.4076 0.4972 0.3634 0.439

Table 7 - Regression Results (Standard Errors in Parentheses)

***significant at 1% **significant at 5% *significant at 10%
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centage of government funding as a way to measure the 
impact of public funding on different types of schools.  
The coefficient on the interactive term measures wheth-
er an increase in government funding is likely to have 
a different impact on public schools vs. private school.  
For instance, a positive coefficient would suggest that an 
increase in government funding has a higher marginal 
impact on public schools while a negative coefficient 
suggests that additional public funding would be better 
allocated to privately managed schools.

Model 1: 
PISAscore =  β1 + β2(pcippp) + β3(%govtfunding) + β4(%pubschools) 

- β5(%pubschool∙%govtfunding) + e

Model 2: 
PISAscore =  β1 + β2(pcippp) + β3(%govtfunding) + β4(%pubschools) - 

β5(%pubschool∙%govtfunding) - β6(FEDU) + β7(MEDU) + e

Results for both models are shown in Table 7.  The esti-
mates are ordinary least squares, obtained using Stata.

Results

   Even though the model is constrained to 50 observa-
tions, the results turned out very close to what was ex-
pected.  Model 1 does not include parents’ education.  In 
both models, the country’s income level has a significant 
and positive impact on test scores.  As one might expect, 
countries with more resources can improve test scores.  
Equally, public schools do not have any clear advantage 
over private schools when it comes to educational qual-
ity.  The effects of public spending on schools are gener-
ally positive. 
   The regression results reported in Table 7 show that the 
proportion or percentage of public schools have a sig-
nificant effect on test scores in science, mathematics, or 
reading. Government funding of education has a posi-
tive impact, and based on the interactive term – which is 
negative and significant – increasing government spend-
ing for a given percentage of public schools has a nega-
tive effect on math, science, and reading scores. There 
are a few possible explanations as to why this might oc-
cur.  First, the level of government spending in public 
schools is quite high and the marginal effect of an extra 

dollar spent in the public schools may be lower sim-
ply because of diminishing returns.  Second, the mon-
ey may in fact be better managed in private schools, 
resulting in a bigger improvement in scores. Lastly, it 
is possible that public funding of private schools may 
reduce the social stratification of schools and reduce 
the effect of affluence, allowing poorer students access 
to better schools.
   When the parents’ educational background is includ-
ed in Model 2, we observe a significant and positive 
impact of mother’s education on student performance, 
but not of father’s education. The results suggest that 
mother’s background is more important than father’s 
background in predicting academic achievement, but 
this result may be a result of the lack of variation in 
father’s educational attainment. The results might also 
reflect the importance of mothers in the household in 
helping children with their assignments/homework. In 
developing countries, mothers play a more important 
role in with regards to training and nurturing children. 
Note that the two variables are highly correlated and 
this could just be a statistical problem.  
   The effects of public spending on education are stron-
ger when we include variables reflecting parental educa-
tion.  This is surprising since we do expect that families 
with higher levels of parental education are more likely 
to be affluent and live in areas with better schools as 
well as providing the resources for students to perform 
better.   The government spending variable is signifi-
cant when we add parental background.  This suggests 
that schools with higher government spending were 
probably associated with more affluent families. The 
interaction between government spending and public 
schools is still significant and negative.  This finding 
suggests that public money going to public schools has 
a slightly more negative impact on academic perfor-
mance than money going to private schools, even after 
controlling for family background.  We can speculate 
that public funding through programs such as voucher 
programs for children in poor families may mitigate 
some of the familial effects of lack of parental educa-
tion in such families.

Conclusion
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   If education is a fundamental element of a sustainable 
development strategy, it is important to ensure educa-
tional quality along with more access to education. This 
paper investigated factors that explain country per-
formance on the PISA assessment. Although encom-
passing all the elements that lead to academic success 
is a daunting task, by using PISA data this study was 
able to demonstrate some correlations between perfor-
mance and country income, family background, type 
of school, as well as funding methods. Not surprising-
ly, high-income countries perform better than low-in-
come countries. Countries with a higher percentage 
of public schools perform no better than countries 
with fewer public schools (and by default more pri-
vate schools) after controlling for family background.  
However, public funding to privately managed school 
may improve performance.  Also, mother’s education 
plays a very important role and suggests that early 
childhood education programs may help children of 
less educated mothers achieve academic success. 
   Countries are able to make better decisions con-
cerning education policy when utilizing cross-coun-
try student performance data as opposed to how long 
students have been in school. Currently international 
assessments provide unique data concerning both the 
various factors that influence achievement as well as 
the impact of skills on social and economic outcomes. 
Even our simple study suggests that parental back-
ground and public funding play an important role in 
ensuring educational quality.  While countries can 
strive to increase female educational attainment in or-
der to enhance educational quality for children, it is 
important to mitigate these parental effects for children 
of uneducated parents through school involvement 
and possibly early childhood education programs.   
   The role of public funding is more nuanced.  At first 
glance, higher scores seem to be associated with public 
schooling and public funding of all schools.  Howev-
er, using a slightly different methodology we find that 
additional public dollars spent on public schools do 
not have a positive effect.  In fact, public funds may be 
more effective when distributed to private schools.
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Feeding Patterns Influence Brain Development in Infancy
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Abstract.    Breastfeeding has been shown to promote more optimal neurodevelopmental outcomes 
(Jing, Gilchrist, Badger, & Pivik, 2010). The present study examined feeding patterns and infant brain 
development, using electroencephalograph (EEG) coherence (a measure of the relationship of two dif-
ferent electrode sites across regions). 113 mothers and their 1- and 3-month old infants participated. At 
each age, EEG was obtained from frontal (F3, F4), central (C3, C4), parietal (P3, P4) and occipital (O1, 
O2) sites. A series of repeated-measures multivariate analysis of variance (MANOVA) yielded signifi-
cant effects, with greater coherence from the frontal region to parietal regions and central to occipital 
region for breastfed compared to bottle-fed infants. Multiple regression analyses showed that feeding 
type (longer duration of breastfeeding) and quality of feeding type (exclusively breastfeeding) unique-
ly predict more optimal brain patterns in the left hemisphere (and greater coherence from anterior to 
posterior regions). Findings from the study indicate that infants who are breastfed show more mature 
patterns of brain development. 

Introduction

   An abundance of research has emphasized the ben-
efits of breastfeeding on infant health. The nutrition-
al advantages of breastfeeding have been associated 
with increased health in a host of developmental ar-
eas including physiological, psychological, and cogni-
tive development (Leung, & Sauve, 2005). As of 2011, 
the World Health Organization (WHO) recommends 
that for optimum health and development, mothers 
should exclusively breastfeed their infants for the first 
six months of the infant’s life and continue with par-
tial breastfeeding up until the infant is two years of 
age or later. The WHO defines exclusive breastfeeding 
as, “the infant has received only breast milk from his/
her mother or a wet nurse, or expressed milk and no 
other liquids or solids, with the exception of drops of 
syrups consisting of vitamins, mineral supplements, 
or medicines.” The purpose of the present study is to 
examine the effects of different feeding patterns on 
infant’s brain development.
Human Milk vs. Formula Milk

   The composition of breast milk versus formula 
milk, and the feeding method, breast versus bottle, 
has been shown to influence the development of the 
central nervous system as well as behavioral devel-

opment (Jing, Gilchrist, Badger, & Pivik, 2010). Studies 
have demonstrated that breastfed infants show enhanced 
activation patterns across a number of brain regions and 
across hemispheric connections.
   Human milk is, biologically, what infants are intended 
to consume. According to the WHO, breast milk provides 
all of the necessary energy and nutrients an infant needs 
in his or her first few months of life. In a meta-analysis 
performed on 11 studies relating breastfeeding to devel-
opment, Anderson, Johnstone and Remley (1999) found 
that exclusive breastfeeding led to more rapid brain de-
velopment and overall enhanced brain function. Another 
study found that breastfeeding enhances all of the follow-
ing areas of development: cognition, visual function, mo-
tor function, emotional adaption, behavioral adaptation, 
and better performance academically (Petryk, Harris, & 
Jongbloed, 2007).
   There have been many efforts to imitate the composi-
tion of breast milk in formula milk, but none have been 
able to replicate all of the advantages that breast milk 
offers (Banapurmath, Banapurmath, & Kesaree, 1996; 
Heird, 2007). Many studies indicate that the advantag-
es of breast milk may be due to the long-chain polyun-
saturated fatty acids (LCPUFAs) that are abundant in 
breast milk up until the infant is four to six months of 
age (Petryk et al., 2007; Xiang, Alfven, Blennow, Trygg 
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& Zettserstrom, 2000). The LCPUFAs that are studied 
most widely are docosahexaenoic acid (DHA) and ar-
achidonic acid (AA). It is thought that the lack of these 
LCPUFAs in formula milk can lead to disadvantages in 
the development of the central nervous system (Faldella, 
Aceti, & Corvaglia, 2011; Jing et al., 2010; Khedr, Far-
ghaly, El-Din Amry & Osman, 2004). 
   McNeil, Labbok, and Abrahams (2010) point out that 
despite the abundance of research supporting breast-
feeding as the superior feeding method, breastfeeding 
is not considered to be the preferred practice for many 
families; it is often formula use and bottle use that is used 
as the standard for infant feeding. The current study ex-
amined the physiological and psychological advantages 
that make breastfeeding superior to formula feeding.

Factors Affecting Feeding Type

   According to the Center for Disease Control and 
Prevention’s (CDC) 2011 Breastfeeding Report Card, 
breastfeeding initiation in the United States is near the 
Healthy People 2010 goal of 75%. However, rates of 
breastfeeding at six months and one year fall well be-
low the goals of 50% and 25%, respectively. For instance, 
rates for exclusive breastfeeding were lower than target-
ed, with only 36% of mothers feeding their infants breast 
milk at three months and less than half of that (16.3%) 
exclusively breastfeeding at six months. In general, the 
numbers indicate that while many mothers initiate 
breastfeeding, they do not continue to do so for more 
than the first few weeks of their infant’s life. 
   The decrease in rate of breastfeeding is due to mul-
tiple factors. Cultural and societal attitudes towards 
breastfeeding, as well as the necessity of returning to 
a workplace environment that commonly discourages 
mother-infant feeding patterns effects both a mother’s 
choice to breastfeed and how long she breastfeeds for 
(Heird, 2007). The lack of breastfeeding support pro-
grams, particularly amongst women of low socioeco-
nomic status, is also believed to play a role in women’s 
decision to breastfeed (Bolton, Chow, Benton & Olson, 
2009). Mothers’ most commonly self-reported reason 
for ending breastfeeding is they feel their infant is not 
satisfied by breast milk alone (Fein, Grummer-Strawn, 
& Raju, 2010). This study aims to add new data that will 

further emphasize the nutritional and neural benefits 
that breastfeeding offers to infants.

Early Experience Affects Development

   Experiences, including feeding experiences, in in-
fancy are thought to have a profound affect on later 
development (Fox & Rutter, 2010; Lamb, Bornstein & 
Teti, 2002). Lamb and his colleagues (2002) attribute 
this to factors such as the plasticity of the immature 
nervous system and infants’ unrivaled ability for learn-
ing. Being that infants have few sources of input into 
their lives, their feeding experiences and patterns play 
a significant role in their development.
   In a recent study, infants who were breastfed were 
rated as having more positive and approach-oriented 
individual characteristics than infants who were bot-
tle-fed. This was found to be true even of infants born 
to depressed mothers (Jones, McFall, & Diego, 2004). 
These findings may have implications for the develop-
mental outcomes in breastfed versus formula fed in-
fants.

Psychological Processes Associated with Feeding Type

   A longitudinal study comparing the effects of feed-
ing type on EEG activity performed by Jing and col-
leagues (2010) reported differences between breastfed, 
milk formula-fed, and soy formula-fed infants. They 
found significant differences on EEG power scores 
between the breast-fed and formula-fed infants but 
found similar EEG power scores between the milk for-
mula fed and soy formula fed infants. EEG power is a 
measurement of the wattage of power released across 
time by a specific electrode as compared to a reference 
electrode within the frequency spectrum. Historical-
ly higher power scores in alpha frequency bands have 
been associated with less neural activity (Allen, Coan 
& Nazarian, 2004; Jones, 1994). Results from the Jing’s 
study displayed lower power scores for the breast fed 
infants indicating greater EEG maturation and greater 
neural development in the breastfed infants over the 
formula-fed infants.
   While EEG power scores have been shown to be a sig-
nificant indicator of infant neural development (Jing et 
al., 2010; Jones et al., 2004), EEG coherence needs to be 
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further looked at because EEG power does not offer the 
same type associations offered by EEG coherence such 
as “spatial resolution and network analysis” (Thatcher, 
Walker & Guidice, 1986). According to Cuevas, Raj, & 
Bell (2012) “EEG coherence is the squared cross-correla-
tion between two scalp electrode sites within a designat-
ed frequency band.” The values of coherence indicate the 
amount of communication between the two sites (Cue-
vas & Bell, 2011; Thatcher, North, & Biver, 2005). Due to 
the range of differences between electrode sites, coher-
ence consists of both long and short bands. Coherence 
values range from zero to one. Zero represents no rela-
tion between the two sites (suggesting the two sites are 
acting independently of each other) and one represents 
the two sites are completely in relation with each other; 
that is, they are exhibiting synchronization of the neu-
ral oscillations (Fox, Schmidt, Henderson & Marshall, 
2004; Murias, Webb, Greenson & Dawson, 2007).
   There have been few studies relating early feeding pat-
terns to EEG development (Jing et al. 2010). Jing and 
colleagues point out that studies that have previously 
related diet/nutrition and EEG have not looked direct-
ly at diets influences on EEG development. A review of 
the literature has examined measures of EEG coherence 
in the context of mother-infant feeding patterns across 
the first few months of development. There have been no 
studies previously conducted in which the development 
of EEG coherence is directly related to early infant nutri-
tion. This study aims to investigate the effects of feeding 
and level of breastfeeding on EEG coherence in order to 
understand how feeding affects the development of the 
brain during infancy.
The Developing Infant Brain

   The development of the brain is a process that pro-
ceeds well into adolescence. Therefore, neurodevelop-
ment and behavioral abilities emerge over time. In fact, 
the frontal lobes of the brain do not reach maturity until 
the age of 16-18 years old (Kolb & Whishaw, 2003) and 
the left hemisphere is more protracted than the right 
hemisphere during development (Bell & Fox, 1992). 
It is because of this slow process during development 
that we should expect to see significant differences in 
the brains of infants as compared to the brains of older 

children and adults. In adults, the dominant frequency 
band is labeled alpha and is found in the 8-13 Hz range 
(Stroganova, Orekhova, & Posikera, 1999). It is most 
logical then to label the dominant band in infants “al-
pha.” Because infant EEG is at a much lower frequency 
than adult EEG this band in infants is found at a lower 
range, most commonly agreed to be the 6-9 Hz range 
for the second half of the first year of life (Bell & Wolfe, 
2007; Stroganova et al, 1999) and in the 3-6 Hz range 
for infants younger than 3 months (Jones et al., 2004). 
A study by Stroganova et al. (1999) found the devel-
opmental changes of alpha rhythm proceeds from the 
posterior to anterior regions of the brain.
   The present study will be examining infant EEG co-
herence at both one and three months of age, including 
anterior to posterior region communications and with-
in hemisphere communications. Scores for both the 3-6 
Hz band and 6-9 Hz band will be analyzed from each 
visit to take into account the assumption that younger 
infants (infants in the first half of their first year of life) 
should have even lower frequency than infants in the 
second half of their first year of life.

Levels and Duration of Feeding

   It is crucial to define the different levels of infant feed-
ing in order to test for differences in breastfed infants 
compared to formula-fed infants. Clear categories be-
tween the two must be defined to prevent results from 
being confounded by variables such as the level of nu-
trients the infant is receiving (Petryk et al., 2007). The 
levels of breastfeeding are defined as follows: Exclusive 
breastfeeding: Infant receives only breast milk. Almost 
exclusive: Infant is predominantly fed breast milk but 
may receive tastes of other liquids such as water or wa-
ter-based drinks. Partial breastfeeding: Infant receives 
both breast milk and other feeds such as formula milk 
and/or cereals. This category can be split into high, me-
dium, or low based on the amount of calories an infant 
receives of each type of feed. Token: Breastfeeding is 
minimal (less than 10% of nutrition is provided from 
breast milk. Exclusive formula feeding: Infant receives 
no breast milk, directly or expressed. These levels are 
based on the International Group for Action on Breast-
feeding Consortium (IGAB) definitions. Without these 
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levels, we are unable to establish the effect of feeding type 
on infant development. 
   It is thought that not only type of feeding, but also 
duration of type of feeding, that is, the length of time 
a mother breastfeeds or bottle feeds her infant across 
infancy (Kramer et al. 2008) also plays a role in infant 
development. Therefore, not only breastfeeding, but also 
how long an infant is breastfed for should show an effect 
when testing for differences between breastfeeding and 
formula feeding (Harmon-Jones, 2006).

Purpose and Hypothesis

   The present study will examine infant feeding patterns 
and EEG measures. Specifically, the effects of level of 
breastfeeding compared to primarily formula feeding 
will be examined in relation to measures of EEG coher-
ence across different regions and within the two hemi-
sphere of the brain during the first three months of life. 
The aim of the study is to examine which feeding meth-
od displays the greatest coherence between electrode 
sites and for each hemisphere as a measure indicating 
neural integrity and communication. 
   It was hypothesized that infants who were exclusive-
ly breastfed would have the greatest coherence between 
measured electrode sites (taking into account underly-
ing differences due to long and short coherence distanc-
es) and that the partially breastfed infants and the for-
mula fed infants would display lower coherence between 
the measured electrode sites. It was also expected that 
breastfed infants would demonstrate greater coherence 
in left hemisphere that are more anterior in regional lo-
cation by 3-months than formula fed infants.

Methods

Participants

A total of 113 healthy infants and their mothers were 
participants in this study. They were recruited from 
birth announcements placed in local newspapers, lac-
tation centers, and hospitals. Families were predomi-
nantly White (86% Caucasian, 9.3% African American, 
1.2% Hispanic, and 3.5% mixed race). Infants were born 
full-term (more than 37 weeks gestation) to primarily 
middle-class (self reported on Hollingshead scale = 2.6) 
adult women (mean age = 30.0 years, S.D. = 5.0 years).

   All 113 mother-infant dyads participated in a labora-
tory visit when the infant was one month of age (mean 
age = 37.14 days, S.D. = 5.88 days). Of these, 86 were 
included in the coherence analysis. Eighty-seven of the 
original 113 mother-infant dyads returned for a second 
laboratory visit when the infant was three months of 
age (mean age = 95.0 days, S.D. = 11.4 days). Of these 
59 were included in the EEG coherence analysis.
   Infant demographics were similar across feeding type 
(Table 1). Mothers who breastfed their infants were, on 
average, 31.18 (S.D. = 4.77) years of age and were mid-
dle income (a Hollingshead score of 2.44, S.D. = 0.99). 
Mothers who bottle fed their infants were, on average, 
28.83 (S.D. = 6.95) years of age and were also middle 
income (a Hollingshead score of 2.96, S.D. = 0.85).
Feeding Type

   The IGAB Consortium definitions were used to de-
termine whether mothers were full breast feeders, par-
tial breast feeders, or token breast feeders (Labbok, 
2000). For the purpose of this experiment, we used 
full breast-feeding, exclusive breast-feeding and almost 
exclusive breast-feeding as encompassing the same 
metric. Partial breast-feeding included mothers who 
breastfed for a minimum of three weeks up to almost 
exclusive and token breast feeding included mothers 
who breastfed for less than three weeks or not at all (all 
bottle feeding). 
   The following are the number of infants in each feed-
ing group who were included in the EEG coherence 
analysis. In the full breastfeeding group there were 39 
participants at one-month and 32 participants at three-
months. In the partial breastfeeding group there were 
28 participants at one-month and 17 participants at 
three-months. In the token breastfeeding group there 
were 19 participants at one-month and 10 participants 
at three-months. 
   Florida Atlantic University’s Institutional Review 
Board approved the study. Parent participation was 
voluntary and infant’s participation was obtained by 
parent consent. Participants were treated in accordance 
with APA ethical standards.
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Procedure and Materials

1 Month Visit

   The mother-infant dyads came to the laboratory for the 
visit. Upon arrival mothers signed consent forms and 
filled out demographic and feeding questionnaires. The 
Hollingshead Scale was based on four factors: marital 
status, gender, education, and occupation. The feeding 
interview was based on experiences in feeding the infant 
and included the length of time for breastfeeding as well 
as experiences and quantity of all other foods ingested 
(including formula type and amount, if applicable).
   Following an initial play interaction mothers were 
asked to feed their infants. The feeding session lasted as 
long as it took for the mother to feed her infant. Once 
the infant began feeding, the mother-infant dyad was 
left alone. Methods of feeding included breastfeeding or 
formula feeding. Other foods were reported on but were 
not observed. Both mother and infant were videotaped 
during the session. Infant EEG was also collected during 
each session at a time when the infants were maximally 
alert and non-distressed. Infant EEG was obtained from 
3-5 minutes.

3 Month Visit

   Procedures conduced at the three-month visit were 
identical to that of the one-month visit.

Physiological Recordings

   EEG recordings were obtained using equipment man-
ufactured by James Long, Inc. A stretchable lycra cap, 
manufactured by Electro Cap, Inc., with the interna-
tional 10-20 system was used. Eight electrode sites were 
measured; electrode gel was inserted for good conduc-
tance and Omni prep was inserted to gently abrade the 
specific sites. The vertex, Cz, was used as a reference for 
the on-line recordings. The recordings were taken from 
frontal, central, parietal and occipital sites, specifically 
sites F3 and F4, C3 and C4, P3 and P4, and O1 and 02, 
respectively. Sites were re-abraded if impedances were 
not less than 5K ohms. Eye movement artifacts were 
removed from the EEG data using EOG obtained from 
the outer cathus and the supra-orbit position of one eye 
(Beckman mini electrodes were used). 

   Electrical signals from the EEG were amplified with 
filters bandpassed from 1-100 Hz using Instrumen-
tal Bioamps. After being streamed onto a computer 
screen, data was saved and analyzed using Snapstream 
data acquisition software (v. 3.21, HEM Data Corp., 
1991). The online sampling rate of the EEG data was 
digitized at 512 samples per second for each channel.

Data Reduction and Analysis

   To examine the relationship between feeding type and 
infant neural activity, participants were categorized 
into three groups: exclusive/full breast feeders, partial 
breast feeders, and bottle feeders/token breast feeders. 
   EEG coherence is a statistical procedure used to mea-
sure the relationship of two specific electrode sites at a 
specific frequency band. As noted previously we used 
2 infant-specific frequency bands, one from 3-6 and 
the other from 6-9 Hz. Coherence consists of both long 
and short bands with values ranging from 0-1. 0 rep-
resents no relation and 1 represents the two sites either 
being completely in or out of relation with each other 
(Fox et al., 2004; Grieve, 2008). Calculating the rela-
tionship of the bands within each hemisphere was used 
in the analysis of EEG coherence. The specific sites for 
each hemisphere measured were: F3 + C3, F3 + P3, F3 
+ O1, C3 + P3, C3 + O1, P3 + O1, F4 + C4, F4 + P4, F4 
+ O2, C4 + P4, C4 + O2, and P4 + O2.

Statistical Analysis

   To assess EEG coherence as a function of feeding 
type, average EEG coherence values were computed for 
each hemisphere to examine which electrode site pairs 
displayed the greatest coherence. The 3-6 Hz frequency 
band was used for the one-month old infants and the 
6-9 Hz frequency band was used for the three-month 
old infants.
   Multivariate analyses of variances (MANOVAs) were 
conducted to examine each of the research questions. 
The within-subjects factors consisted of region, length 
(short or long), hemisphere, and age. The between-sub-
jects factor was feeding type (breast or bottle). Feeding 
differences, breast versus bottle, and duration of type 
of feeding, full, partial, or token, was of particular in-
terest in our EEG coherence analysis. Level of feeding 
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was compared across brain regions and for left versus 
right hemispheres, to determine if there was a signifi-
cant difference in regional development for infants who 
received breast milk compared to infants who received 
formula milk.
   Multiple regression analyses were conducted to ex-
amine the degree to which breastfeeding duration and 
quality of feeding-type predicted brain development 
parameters (region, short/long and hemisphere) in the 
three-month old infants.
EEG Coherence

   Overall, a series of repeated measures MANOVAs 
performed on the EEG coherence values demonstrated 
significant effects for infant feeding type on infant EEG 
coherence. Table 2 displays the mean values. For mea-
sures of EEG coherence at 1- and 3-months, a significant 
4-way interaction was obtained only for the 3-month-
old infants between region (anterior vs. posterior), 
length of communication (short, medium, and long), 
side (left hemisphere vs. right hemisphere), and feeding 
type (breast vs. bottle). Significant main effects were ob-
tained across region, F (1,57) = 50.28. p <.000, indicating 
differential influence of the anterior and posterior leads. 
Thus further analyses were conducted separately for an-
terior and posterior regions.
   To assess our main hypothesis, a subsequent MANO-
VA comparing communication from the frontal region 
to other regions showed a significant 3-way interaction 
for length, side, and feeding type, F (1,57) = 4.44 p <.05. 
As noted in the figure (see figures 1 & 2), the pattern of 
EEG coherence differed, with breastfeeding infants ex-
hibiting a pattern of greater coherence values, theoret-
ically indicating greater coherence between the frontal 
region and all other sites.
   Multiple regression analyses (Table 3) showed that 
both duration of feeding type and quality of feeding type 
uniquely predict infant’s brain development at 3-months 
of age for the F3 + P3 and C3 + O1 intrahemispheric 
brain communication. No significant regression effects 
were obtained for the right-sided brain communication.

 

Discussion and Conclusion

Overview of Results

   The goal of the present study was to determine the 
influences of different feeding patterns on infant brain 
development. As hypothesized, breastfed infants dis-
played greater communication between measured elec-
trode sites than did bottle fed infants. This is consistent 
with findings from previous studies that emphasize 
breast-feeding promotes optimal neurodevelopment 
outcomes (Jing et al., 2010; Jones et al., 2004).
   At three-months there were developmental differ-
ences found within frontal and posterior regions of the 
brain. This may be indicative of the impact of breast-
feeding duration on brain development, suggesting 
that by three months of age infants who are exclusively 
breastfed may have more mature brain development in 
the frontal region of their brain. 
   Thatcher and his colleagues (1987) found that the 
left and right cerebral hemispheres develop at different 
rates and that within the hemispheres different specif-
ic anatomical connections develop at different rates: it 
was found that right frontal-occipital region developed 
earlier than the left frontal-occipital region. This is con-
sistent with findings from our study but our study ex-
tends this by demonstrating that left hemisphere com-
munication was more mature in breastfed infants by 
3-months. It must also be noted that within the fron-
tal-occipital region it was found that the full breast-fed 
infants displayed the greatest coherence, followed by 
the partial breast-fed infants and token breast-fed in-
fants, respectively. This supports our hypothesis that 
feeding type plays a role in optimal brain maturation. 
   In addition, Thatcher et al. (1987) found that the right 
frontal pole developed earlier than the left frontal pole. 
Results from our coherence analysis displayed more 
consistent coherence scores across the right hemisphere 
than the homologous left hemisphere with not only 
more variance in left hemisphere coherence scores but 
also more mature development as displayed through 
higher coherence values for the breastfed infants. This 
suggests that feeding type may be playing a role in de-
velopment of particularly the frontal region and the left 
hemisphere, a hemisphere and region linked to the de-
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Table 1 
Infant Demographics
Measure 1 Month 3 Month

Breastfeeding
62

Bottle feeding 
24 

Breastfeeding 
44

Bottle feeding

Infant Variables
Female (%) 53 62 48 47
Age (days) 38.67 (4.96) 36 (6.1) 93.60 (10.24) 95.47 (12.85)

 Note. Values represent mean scores. Standard deviations are in the parentheses
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Table 2
EEG Coherence Scores
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Table 3
Regression Analyses of 3 - month Feeding Duration and Quality and 3 - month Left and Right Hemisphere 
Coherence as a Predictor of Brain Development
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Figure 1 – Right intrahemispheric coherence scores for the 3-month old infants as a function of feeding type.

Figure 2 – Left intrahemispheric coherence scores for the 3-month old infants as a function of feeding type.
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velopment of positive affect and approach styles (Fox et 
al., 2007).

Study Limitations

   A limitation of this study was attrition. In some cas-
es application of the EEG cap was difficulty and limited 
data were available due to movement artifact. This re-
sulted in the absence of some infant EEG across ages. 
Also, in some cases there were missing leads (due to 
movement artifact or high impedances) in the EEG data, 
resulting in the EEG data being unusable for the coher-
ence analyses. 
   In addition, the classification of feeding status pro-
posed a limitation on the study. Mothers were broken up 
into three groups based on the limitations of the sample 
size: full breastfeeding which included exclusive breast-
feeding and almost-exclusive breastfeeding, partial 
breastfeeding which included mothers who breast-fed 
their infants at least some breast-milk for a minimum 
of three weeks and token breast-feeding which included 
mothers who breastfed their infants for less than three 
weeks or not at all. Drane and Logemann (2000) found 
that studies that differentiated between partial and ex-
clusive breast feeding found larger effect sizes than stud-
ies that grouped them together. Therefore, had we had 
a larger sample and been able to have these categories 
broken down more rigidly with exclusive breast feeders 
placed in their own group and partial breast-feeders bro-
ken up into several groups including high, medium, and 
low, our results may have had been less diffuse.

Future Research

   The present study examined whether feeding type 
influences infant brain development at one- and three-
months of age. However, previous studies have sug-
gested that feeding type may play a role in brain de-
velopment throughout life (Drane & Logemann, 2000; 
Fladella, Aceti, & Corvaglia 2011). “Thus, a longitudinal 
study across the infancy and early development in which 
feeding types affect on all types of brain processes (e.g. 
coherence, asymmetry as well as fMRI) are examined 
would be beneficial to see if it breast milk continues to 
play a role on brain development throughout the lifes-
pan and in what areas of development, including cogni-

tion, affective and physiological development.”
   A study by Thatcher, North, and Biver (2008) found 
age-related increases in EEG coherence values up until 
four years of age. This suggests that coherence scores 
are efficient in determining if feeding type effects brain 
development into childhood and should be used by 
subsequent researchers in determining the longitudi-
nal effects of feeding type.

Concluding Remarks

   These data provide a unique contribution to the liter-
ature as EEG coherence measures had yet to be looked 
at in relation to infant feeding patterns. Data from this 
study suggest that the quality and duration of breast-
feeding play a pivotal role in infant brain development.
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Abstract.    This paper explores the nature of process in the cultivation of morality and character during 
the time of Confucius. The research denotes particular attention to the concept of the character of a 
gentleman, a phrase which is referenced throughout Confucius’ Analects. The argument is made that 
the phrase ‘gentleman,’ does not inherently designate characteristics which are gender specific, but in 
actuality characteristics which are gender neutral and can be attributable to both sexes. Furthermore, 
it is illustrated through Confucius’ and Mencius’ writings (Mencius was a Chinese philosopher and 
student of Confucian philosophy, who lived during the 4th century) that the attainment of the status of 
gentleman was one which was meritocratic and based upon continual self-cultivation and transforma-
tion of character. This was a dualistic process involving the recognition of one’s fallible nature and the 
consequent need for self-examination and self-correction. According to Confucian philosophy, a signif-
icant aspect of the cultivation of one’s character was to be found through the individual’s development of 
interpersonal relationships. Consequently, these interactions with others were to be viewed as a vehicle 
for altruism and not as a means for satisfying one’s own needs.  It was believed that by this dualistic 
process that one could, ultimately, evoke the most impact for good upon one’s surrounding world and 
the government of the state.   

   Confucianism emerged under the Zhou Dynasty 
in China. It was during this period that Kongzi, also 
known as Confucius, felt the nation was unduly suf-
fering due to the inadequate leadership at that time. 
He believed that those governing the nation were 
doing so with the objective of their own self-interest, 
as opposed to that of their fellow countrymen. Con-
fucius held that the conduct and disposition of his 
contemporary government and its leaders were hav-
ing a negative effect upon the character and actions 
of the people. He believed that the honoring of tradi-
tional ritual forms and a reawakening to classical Chi-
nese writing of its ‘Golden Age’ could return the na-
tion to the state of excellence it once held. Confucius 
sought to embody these qualities through the concept 
of the junzi or “gentleman.”1  
   This paper will argue that Confucianism held to 
the belief that a person’s growth as a “gentleman” of 
character necessitated his interaction with others 
and the development of interpersonal relationships. 
It was believed that in order to receive the ultimate 

value of connection with other people, one must first 
have an understanding of his or her own fallible nature. 
Consequently, the self-development of an individual was 
deemed a two-fold process in which the need for humil-
ity and the recognition of an imperfect nature were rec-
ognized. As Confucius observed, it was only through the 
realization that this self-examination and self-correction 
was to be a lifelong process that an individual would be 
able to benefit both themselves and other people.  Oth-
ers would gain from the individual’s self-cultivation by 
means of the natural outward flow of virtue from the indi-
vidual to the family, and then to the greater society itself, 
ultimately bringing about peace and security.  Moreover, 
it can be argued that if one holds to these qualifications 
of what constitutes a gentleman in Confucian thought, 
along with the subsequent meritocratic processes en-
tailed, one can see that the characteristics of a gentleman 
are not inherently gender specific, but rather, are ones to 
which any gender may aspire.2  Therefore, understanding 
the egalitarian side of Confucianism, particularly as it re-
lates to women, represents an important revisionist trend 
that has been developing over the past 15 years. Previous 
scholarship dismissed Confucianism and most of tradi-
tional Asian culture as oppressive and misogynist.

______________ 
1Philip J. Ivanhoe and Bryan W. Van Norden ed., Readings in Classical Chinese 
 Philosophies (Indianapolis: Hackett Publishing Company, 2001), 1-2.
2Chenyang Li, “The Confucian Concept of Jen and the Feminist Ethics of Care:   
 A Comparative Study,” Hypatia 9, no. 1 (Winter 1994):71.
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   Firstly, the traditional characteristics of a “gentlemen” 
during the period of Confucius will be explored. Confu-
cian scholar, Chen Lisheng’s analysis of the Analects will 
be evaluated in the context of understanding the con-
cept of a ‘man’ during the period of Confucius.  The im-
portance of positive inter-personal relationships to the 
proper rearing of young men will be examined through 
the works of historian Norman Kutcher, whose area of 
specialty is Chinese history. Professor of Asian Philos-
ophy Huaiyu Wang’s evaluation of the use of the Chi-
nese words Gantong and Ren will also be explored. In 
addition, the similarities in which feminist thought and 
Confucian morality share comparable virtues will be 
evaluated by Professor of Chinese Philosophy Chenyang 
Li. The ways in which Confucian scholar Roger Ames 
concurs with Chenyang Li’s use of the words Jen and 
Ren will be elucidated. Finally, the primary source writ-
ings of both Confucius and Mencius will be considered. 
Mencius, a Chinese philosopher, was thought to have 
incorporated much of Confucian thought into his own 
writings. It will be shown that Confucianism’s concept of 
a “gentleman” is relevant to both genders, because its in-
herent definition is one that is based upon a meritocratic 
foundation as opposed to the innate characteristics with 
which one is endowed.
   Within Confucianism, the daily interaction that one 
had with others was considered the vehicle through 
which the process of inner transformation and char-
acter development were achieved in order to become a 
gentleman. It was through regular communication and 
contact with others, primarily through associations but 
also in daily interactions, that a person could achieve 
true transformation of character. Through the untir-
ing pursuit of this process, as Confucius remarked in 
the Analects, an individual’s character was developed. 
If regular communication is the avenue through which 
one becomes a gentleman, then one can argue that the 
criteria for becoming a gentleman are not gender specif-
ic. Rather, they are attainable to all those who aspire to a 
higher level of morality and personhood. According to 
Confucius, one striving to become a gentleman would 

come to understand that his role in these interactions 
was to learn from others, assist them, and to recognize 
that these relationships were not to be seen as a means 
of personal gain or self-validation.3

   The existing scholarship on Confucianism and its 
core reflect a belief that in order to have an impact 
upon society one must first look inward and undergo 
a process of self-correction. This process of self-exam-
ination was exemplified by the question common in 
Confucius’ time, “What makes a man?”4  For Confu-
cianism, the constitution of a gentleman does not stem 
from physical valor. Rather, it arises from the ability 
to continually examine the inner-self and question the 
motivation behind one’s actions and to use life’s cir-
cumstances as a continuous means of improvement. 
Recent scholarship has questioned whether Confu-
cianism can stand parallel to feminism, since the char-
acteristics advocated by Confucius were not of a phys-
ical nature, but could be embodied by both males and 
females.5 
   Both Mencius and Xunzi, students of Confucianism, 
agreed that pure “boldness,” if not used with the right 
intention, can be dangerous and detrimental to oneself 
and others. Confucius stated, ‘being bold yet with fear 
for nothing implies greed.’6 According to these scholars, 
therefore, there are two types of courage -- one fueled 
simply by unadulterated passion and drive, and anoth-
er wherein energy and ambition have been trained and 
directed towards altruistic and noble purposes. Xunzi 
drew a comparison between dogs and pigs and those 
who allow themselves to be led by their untempered 
impulses, implying that those who are driven by cor-
poreal desires, such as food, drink and money, are like 
animals that are compelled by pure “vigor, which is the 
inferior kind of courage.”7  Instead, it is suggested that 
one must continually train and monitor his emotions 
and have the ‘love of learning’ in order to achieve true 
courage.8 Therefore, a person’s true courage is found in 
their noble and altruistic actions on behalf of others.
   Likewise, Norman Kutcher has argued that a signif-
icant aspect of life for men within the Chinese culture 
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______________ 
3Kongzi (Confucius), “The Analects,” in Readings in Classical Chinese  
Philosophy, 2nd ed. ed. Philip Ivanhoe and Bryan W. Van Norden (Indianapolis: 
Hackett Publishing Company, 2001), 23. 
4Chen Lisheng, “Courage in The Analects: A Genealogical Survey of the Confucian 
Virtue of Courage,” Frontiers of  Philosophy in China 5, no. 1 (March 2010): 29.

______________ 
5Chenyang Li, “The Confucian Concept of Jen and the Feminist Ethics of Care,”  
 72.
6Lisheng, “Courage in The Analects,”7.
7Ibid., 7-8.
8Ibid., 3.
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of Confucius’ time was the cultivation of friendship. It 
was this type of relationship that was considered one 
of the greatest tools for implementing strong character, 
virtue, and understanding the importance of self-sacri-
fice for others. It was from such altruistic relationships 
that Confucius believed one could apprehend the true 
nature of learning, as opposed to obtaining solely scho-
lastic knowledge. Relationships were considered such 
a valuable instrument for developing oneself as a per-
son that careful emphasis was given to the question of 
with whom an individual should associate. Associations 
with overly indulgent or greedy people could lead to the 
same unrestrictive lifestyles and practices, and should 
be avoided.9

   As argued by Kutcher, “Poorly chosen friends tempted 
one with evil pursuits such as drinking and gambling. 
They also removed one from the world that was cen-
tered on service to family and state.”10 The restrictive and 
self-sacrificial aspects of friendship in Confucianism are 
seen, insofar as Confucius did not see camaraderie as 
something which a person would seek out to serve his 
emotional needs or to aid in abetting his insecurities. 
Rather, camaraderie was sought for the opportunity it 
presented to care for the needs of others, thus “stressing 
that friendship was only to serve the goals of the indi-
vidual’s learning of the Confucian way.”11

 
   The idea of continually learning from one’s surround-
ings is also found in the definition of Gantong. The basic 
meaning of Gantong throughout the centuries has been 
that of an uncovered pathway or flow between opposite 
“bodies or locations.” Ren on the other hand has been 
understood to be the essence of Confucian thought 
and encompassed “benevolence…altruism…true man-
hood…compassion…charity….”12  However, it was first 
argued by Confucian scholar Cheng Hao that Gantong 
was the original foundation upon which the definition 
of Ren was based. “Cheng alluded to an ancient med-
ical text that described the paralysis of limbs as buren 
(literally ‘not ren’) and portrayed the person of ren as 
one who took all things in the world as one body that 

was none other than the self.”13  For Cheng, Ren meant 
to be in congruence with the surrounding world, open 
to the experiences that life wanted to teach. This cor-
responds with the Confucian belief that the greatest 
learning came from our surrounding environment, 
and that those in one’s circle of relationships could be-
queath the most benefit. It was these relationships and 
environments which allowed a person to improve him-
self and become a true gentleman. 
   Based on Confucianism’s emphasis on the non-phys-
ical aspects of the qualities of a gentleman, some schol-
ars have suggested that Confucianism is compatible 
with feminism. This is due, in large part, to similari-
ties in characteristics of virtue as seen by both belief 
systems, which are gender neutral. Chenyang Li has 
investigated the corollary between Confucianism and 
feminism in the context of the word Jen, which holds 
the same traditional connotation as Ren. Li argues that 
both Confucius and feminist thought place the impor-
tance of the family’s needs over that of the individual 
self, and that it includes a ‘very strong sense of being 
responsible for the world.’14 Li also argues that femi-
nist ideology and Confucian thought both negate the 
idea that there are “hard and fast rules” in all situations. 
Rather, one must weigh every individual circumstance 
separately in order to find what is the truth in that spe-
cific instance, as opposed to feeling compelled to come 
up with specific rules for every circumstance. “It is not 
to say that there cannot be any rules. There are rules. 
But rules cannot give us infallible solutions in conflict-
ing situations of caring.”15 

   Li is correct in concluding that the specific charac-
teristics defining a gentleman’s character are gender 
neutral. It seems, however, that Li’s efforts to equate 
Confucius’ ideals of a true gentleman with the femi-
nist perspective becomes somewhat contradictory. He 
states that the feminist view, specifically as addressed 
by Noddings, concludes that there are no unfailing 
general rules or principles to be used as guidelines. 
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 2000): 1616.
10Ibid.,
11Ibid., 1620.
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13Ibid., 464.
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15Ibid., 77.
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Chenyang Li later attests to this perspective as being 
congruent with Confucianism. However, Li has also 
stated that “In Confucianism these specific rules are 
guidelines for young people to learn li, i.e., proper social 
behavior.”16 Also, the fact is brought out that Confucius 
advocated the Golden Rule of not doing to others what 
one did not wish done to them. Yet, additionally, he has 
pointed out that Confucius held to five points or virtues 
which ought to be practiced “everywhere under Heav-
en” if one wanted to be Jen.17 In this respect, therefore, 
Confucianism would not be congruent with the author’s 
feminist perspective. As such, this part of the argument 
appears to fall short, as Confucianism clearly does rely 
on principles that should be followed, in contrast to the 
feminist perspective of Noddings, which argues against 
the use of rules or principles as guidelines. 
   Conversely, it should be understood that such rules and 
guidelines are significant to the interactions and deal-
ings within daily life, but that rules are made to enhance 
relationships and improve them, not to be observed in a 
rote manner, with the perspective of following the rules 
for their own sake. Consequently, invoking the adher-
ence to such rules involves discernment as to their per-
tinence in individual situations. Just as in the Analects 
Confucius proclaims that while traditionally a linen hat 
is used during ceremonies, because it is more prudent he 
adheres to the majority rule in this instance and wears a 
silk hat.18

   Confucius’ perspective on the qualities of a gentle-
man was one defined by a person’s character, virtue, and 
principled actions.  For Confucius, a gentleman was not 
measured by his strength of body, but by the nobility of 
his character. Hence, he would continually seek to per-
fect himself, and engage in the pursuit of learning how 
best to serve others. It was in so doing that an individual 
would come to embody the desired qualities of Gantong 
and Ren, seeing all others as one with himself, and serv-
ing them with the highest ideals of humanity, emphasiz-
ing altruism and benevolence to all, and remaining open 
to life’s experiences. Thus, a person would learn the Way 

of Confucius best by serving his friends unselfishly and 
embodying the highest ideals of humanity. 
   Confucian scholars like Kutcher, Wang, and Li, have 
alluded to the connection between one’s nature and the 
cultivation of relationships. But what was the process 
or path inherent to this character shaping? Both The 
Analects and the writings of Mencius stand for the 
proposition that the suitable cultivation of a person’s 
character was a dualistic process. The person needed 
to understand their own errant nature and their need, 
on a daily basis, to engage in continual self-correction 
and examination. Then one could reap the benefits of 
a genuine relationship and, thereby would be able to 
learn and grow from that bond. Confucian thought, 
consequently, demonstrated that proper character de-
velopment was a two-fold practice, beginning with hu-
mility as a requirement for interpersonal relationships, 
which led to personal development. This process was 
not dependent on an individual’s status or gender, but 
required daily effort to improve one’s character.
   Mencius, also a student of Confucian thought, gave an 
example of the need for humility in understanding both 
the fallible nature of society, and the ability to accept 
correction from others. According to Mencius, if there 
is a “person who is harsh to me. A gentleman in this 
situation” would firstly question himself as to why he 
would be so treated and would initially place the onus 
upon himself, believing that there must be some defect 
within his own nature that has aroused such a reaction. 
“I must not be benevolent. I must be lacking in pro-
priety. How else could this situation have come upon 
me?!” Mencius goes on to say that if, after self-examina-
tion, a gentleman finds no immediate fault in himself, 
he must then question if he is ‘not loyal.’ This self-inter-
rogation, thereby, conveyed the importance of a dispo-
sition of humility and willingness toward correction.19 

This last passage, consequently, showed that Confucian 
thought adhered to the belief that an individual of ma-
ture character, if chastised, would not respond with ego 
or in self-defense. It also, therefore, demonstrates the 
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importance of interpersonal relationships in the cultiva-
tion of proper character of an individual. Consequently, 
the passage illustrates that it can only be through a con-
tinual refining of one’s nature that a person can achieve 
virtue of character.
   Furthermore, the realization of the fallible nature of a 
person and the need to continually transform the neg-
ative part of their nature is understood in Confucius’ 
Analects. “How could I dare to lay claim to either sage-
liness or Goodness? What can be said about me is no 
more than this: I work at it without growing tired and en-
courage others without growing weary.”20 The Analects, 
therefore, demonstrate the view that man is imperfect 
and needs to continually work to transform himself. It is 
with this understanding that Confucius and Mencius ex-
pound upon the value of interpersonal relationships in 
an individual’s life. Interaction with others is understood 
to be a vehicle for a higher state of being and awareness, 
rather than simply an outlet through which to mollify 
one’s own needs and insecurities. As Confucius stated, 
“Every day I examine myself,” as “in my dealings with 
others, have I in any way failed to be dutiful? In my in-
teractions with friends and associates, have I in any way 
failed to be trustworthy?”21 This statement of Confucius, 
although ostensibly different from Mencius, emphasizes 
the significance of the dualistic process. Additionally, it 
points to the need for interaction with others, without 
which the perfection of one’s nature would be difficult 
to attain. Confucius further explained in another pas-
sage that, “When walking with two other people, I will 
always find a teacher among them.” Thus, Confucius 
demonstrated that by the interaction with others, one 
found a vehicle for cultivating a righteous character, as 
well as one for eliminating the negative attributes within 
themselves. “I focus on those who are good and seek to 
emulate them, and focus on those who are bad in order 
to be reminded of what needs to be changed in myself.”22 
   Both Mencius and Confucius emphasized that the 
transformation of the inner-self is a continuous, not 
a static process. It is not, consequently, based on that 

which can be acquired because of gender or status. 
Rather, this individual transformation is solely merito-
cratic. The argument made by Li and others, therefore, 
is consistent with Confucian belief, demonstrating the 
merit and developmental process in attaining the char-
acter of a gentleman. Roger Ames has also explored 
Confucian thought in numerous works, concurring 
with Li’s analysis that the term Jen denotes process and 
the continual transformative aspect of character devel-
opment.23 Ames, just as Li, has employed the use of the 
term Ren, to express the concept of Ren as denoting 
the necessity for interpersonal relationships with oth-
ers in order to attain the true character of a gentleman. 
Thus, it lends credence to the claim that the character 
of a gentleman is based upon morality being a process 
through ‘authoritative conduct’ with others.24

   Therefore, the dualistic process of character develop-
ment, and the common question of Confucius’ time, 
“What makes a man?” reflect the ultimate aim of hav-
ing a positive impact on society. When asked about 
the gentleman, Confucius replied that the gentleman 
“cultivates himself with reverential seriousness.” When 
pressed by his disciple to elucidate further, he added 
that the gentleman “cultivates himself and thereby 
brings peace and security to his fellow men” and ul-
timately “to the common people.”25 A similar passage 
found in Confucius’ Great Learning stated that with 
the cultivation of the individual, “their families were 
regulated.” With the regulation of their families, “their 
states were rightly governed.” Ultimately, with the state 
being governed justly, “the whole kingdom was made 
tranquil and happy.”26 One can see, therefore, that the 
individual’s self-cultivation extends outward towards 
his family and then outward again to the greater soci-
ety or state, ensuring peace and security for the entire 
civilization.
   The Confucian perspective held that the same ele-
ments which historically went into the development of 
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an individual’s character were what constituted the qual-
ifications of a true gentleman. Character development, 
moral virtue and self-discipline were all seen as intrinsic 
to the qualities of genuine human character. This was 
not an end unto itself, but a daily process, resulting in 
progress dependent upon the effort one exerted. Con-
fucius indicated that this was an ongoing practice, and 
so difficult that, “as for actually becoming a gentleman in 
practice, this is something that I have not yet been able 
to achieve.”27 These qualities are not gender specific, and 
if applied outward from the individual to the family and 
to the greater society, would have to include both men 
and women in order to render the state peaceful and se-
cure. As illustrated, the fact that the “Chinese word for 
person or people is gender-neutral (“ren”),” lends weight 
to the argument that the meritocratic process of the de-
velopment of Confucius’ gentleman is applicable to both 
men and women. While Confucius’ concept of a “gen-
tleman” was once viewed as applying to the male gen-
der, more recent scholarship has expanded it. Looking 
at Confucius’ writings and examining the characteristics 
which make up a gentleman, one can see that they are 
not inherently gender specific, but are such that they are 
attainable by either gender. Confucius’ concept of a “gen-
tleman,” therefore, can be argued to be applicable to a 
woman, as much as to a man.28  
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Abstract.    Methionine sulfoxide reductase (Msr) is an enzyme that is used by the majority of organisms 
to reverse oxidative damage caused by reactive oxygen species (ROS). ROS are free radicals which react 
with electron-rich molecules such as nucleotides, carbohydrates, or proteins. The highly electronegative 
amino acid methionine is frequently oxidized to methionine sulfoxide (met-(o)) by ROS; Msr can repair 
the damaged methionine by reducing met-(o) to functional methionine. There are two distinct enzymes, 
MsrA and MsrB, which reduce the two enantiomers of met-(o), met-S-(o) and met-R-(o), respectively. 
   Since additional ROS are produced during an organism’s exposure to thermal stress, we investigated 
whether MsrA and/or MsrB play a role in the response to thermal stress. Drosophila melanogaster lack-
ing both MsrA and MsrB were found to be less efficient in their thermal stress response when compared 
to wild-type, suggesting that MsrA and MsrB may play a role in thermal stress response. In addition to 
MsrA and MsrB, some heat shock proteins (HSPs), especially Hsp70, help mitigate the damaging effects 
of thermal stress. HSPs are upregulated during periods of hyperthermia and help to maintain protein 
integrity and provide neuronal protection. Thus, we also examined the possibility that HSP upregula-
tion prior to exposure to hyperthermic conditions improves thermal stress response and survival in 
Drosophila lacking MsrA and MsrB. Hyperthermic preconditioning was shown to worsen the thermal 
stress response of D. melanogaster lacking MsrA or MsrB, as well as the wild-type. Future studies in-
clude examining the biochemical mechanisms that govern the effect of MsrA and MsrB on hyperther-
mia tolerance. By determining the roles of MsrA and MsrB in hyperthermia tolerance, we should obtain 
insight into the multiple functions of MsrA and MsrB throughout an organism.

Introduction

   Methionine sulfoxide reductase (Msr) is an antiox-
idant protein that can restore methionine sulfoxide 
(met-o), the oxidized form of methionine, to function-
al methionine. Methionine residues are easily oxidized 
because they contain sulfur, a highly electronegative 
atom [7]. Methionine is oxidized into two enantio-
mers designated met-o-S and met-o-R, and MsrA and 
MsrB can restore each form of met-(o), respectively 
[8]. MsrA was discovered in 1979 and shown to be 
a 25kD protein, while the structurally distinct MsrB 
was discovered in 2001 and it is a 17kD protein [9]
[10].  Amino acid sequence analysis of the MsrA gene 
in multiple species has revealed a conserved sequence 
in the N-terminal portion of the protein at position 
72: GCFWG. The cysteine contained in this conserved 
sequence (Cys-72) has been found to be absolutely re-
quired for enzymatic activity [20]. MsrB has a distinct, 

but also highly conserved amino acid sequence. MsrA 
and MsrB do not share similar amino acid sequences 
but are, nevertheless, related because their active sites 
are mirror images of each other, reflecting the fact that 
they are epimer-specifc [20]. 
   MsrA and MsrB were first identified in E. coli [9][10] 
but have since been found to be present in a wide range 
of species [5]. However, different organisms contain 
different isoforms of MsrA and MsrB, which are tar-
geted to specific cellular compartments. In mammals, 
for example, one gene encodes MsrA and two different 
isoforms are produced: a long form and a short form. 
The long form is targeted to the cytosol, mitochondria, 
and nucleus, while the short form is localized to the 
nucleus and cytosol [18]. In mammals, three genes 
encode three different forms of MsrB: MsrB1, MsrB2, 
and MsrB3. MsrB1 is targeted to the nucleus and cyto-
sol, MsrB2 is targeted to the mitochondria, and MsrB3 
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encodes two splice variants, MsrB3A and MsrB3B, 
which are localized to the endoplasmic reticulum 
(ER) and the mitochondria, respectively [19]. 
   ROS are free radicals that are highly reactive be-
cause of the presence of unpaired electrons, and are 
most commonly the superoxide ion or hydrogen 
peroxide [5]. Thus, ROS usually react with highly 
electronegative molecules such as nucleotides, car-
bohydrates, or amino acids. This can lead to a vari-
ety of mutations, which have been found to lead to a 
faster aging rate [5]. ROS production has also been 
found to increase as an organism ages [15]. ROS are 
byproducts of normal aerobic metabolism inside a 
cell [6]. Additionally, ROS are produced during peri-
ods of hyperthermia [4].   
   Hyperthermia, also known as thermal stress, is the 
condition where an organism is exposed to physio-
logically elevated temperatures [1]. Thermal stress 

affects a wide range of plants and animals and occurs 
under many environmental conditions. For example, 
Drosophila melanogaster larvae are exposed to extreme 
temperature fluctuations in the fermenting fruit where 
they mature [2].  Organisms respond to thermal stress 
in different ways. For example, mammals often undergo 
stroke when exposed to hyperthermic conditions, while 
most invertebrates, such as D. melanogaster, enter a re-
versible protective coma called spreading depression [3]. 
Spreading depression is characterized by a loss of both 
neural and motor function and has been well studied in 
literature as a possible means of conserving energy un-
der stressful conditions [3]. Spreading depression is often 
reversed when the organism is returned to normal con-
ditions [1]. 
   Most organisms also contain heat shock proteins (Hsp’s) 
to help respond to thermal stress. HSPs are a family of 
proteins that serve as molecular chaperones and aid in 

protein homeostasis when an organism experiences 
heat shock [12]. HSPs are upregulated during ther-
mal stress and they provide neuronal protection 
during hyperthermia [13, 14]. Given that hyperther-
mia increases ROS production, we proposed that 
the antioxidant proteins, MsrA and MsrB, may play 
a role in an organism’s thermal stress response. In 
addition, since HSPs are involved in the response of 
organisms to thermal stress, we investigated whether 
HSP upregulation prior to exposure to hyperthermic 
conditions may improve an organism’s thermal stress 
response.
   Invertebrates enter a protective coma known as 
spreading depression when exposed to hyperther-
mic conditions. In this study, we measured the time 

required for Drosophila mutants, lacking either MsrA 
or MsrB, or both MsrA and MsrB, to undergo spread-
ing depression, commonly termed failure. Young (5-9 
day old) and old (35-39 day old) flies were examined to 
test the effects of increased ROS production due to ag-
ing on an organism’s thermal stress response. Flies lack-
ing both MsrA and MsrB are referred to as old between 
35-39 days of age since they reach senescence in this age 
range, although wild-type and flies lacking either MsrA 
or MsrB do not reach senescence until much later. The 
animals were also pre-conditioned to hyperthermia by 
exposure to sub-lethal thermal conditions before expo-
sure to standard thermal stress to induce HSP upregula-
tion. The thermal stress response of flies pre-conditioned 
to thermal stress was then compared with the response of 

Table 1 - Designation of Genotypes
Strain: Size of Deletion:

WT ((MsrA+/+ MsrB+/+) WT77, WT31, WT60

MsrA LOF (MsrALOF/LOF 
MsrB+/+) 

A90 1.5 kb

MsrB LOF (MsrA+/+ 
MsrBLOF/LOF)

B54 2.5 kb

MsrA/MsrB LOF 
(MsrALOF/LOF MsrBLOF/LOF) 

AB113, AB46
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flies exposed only to thermal stress conditions with-
out preconditioning.

Materials and Methods
Genotypes of  Drosophila

  All experiments used male flies and the thermal 
stress response of 5-9 day old flies and 35-39 day old 
flies was examined.
Drosophila Activity Monitoring System

   The Drosophila Activity Monitoring (DAM) system 
is a computerized system that measures the move-
ment of individual flies by recording the number of 
times a fly crosses an infrared beam over the course 
of a minute [17]. The DAM system consists of two 
monitors: one monitor was held at room tempera-
ture, while the other was placed inside an incubator 
set at 36.0 °C or 38.5 °C. Each monitor contains 32 
slots that hold 32 three-inch glass tubes. A DAM sys-
tem holder is used to hold the glass tubes in place in 
the DAM system monitors and one fly is placed into 
each tube (Figure 1).
   A Micro Hybridization Incubator was used in these 
experiments to create hyperthemic conditions. The 
incubator was held at two different temperatures, 36.0 
°C or 38.5 °C. We used 36.0 °C as the preconditioning 
temperature, while 38.5 °C was used to impose ther-
mal stress.

Thermal Stress

   One male fly was placed into each tube at room tem-
perature and allowed to acclimate with their surround-
ings. The DAM system holder was then placed into the 
incubator at 38.5 °C for 30 minutes and the time to fail-
ure was recorded.
Preconditioning

   To examine the effect of preconditioning on the thermal 
stress response of Drosophila, one male fly was placed 
into each tube at room temperature to allow the flies to 
become acclimated with their surroundings. The DAM 
system holder was then placed into an incubator held at 
36.0 °C for 60 minutes to precondition the flies to hyper-
thermic conditions. Following preconditioning, the flies 
were exposed to hyperthermic conditions, as described 
above, and their times to failure were recorded.
Statistics

   Using Graph Pad Prism, failed flies were scored as a 1, 
while flies whose response was outside of the experimen-
tal methods was scored as a 0. Log-rank tests were then 
performed in order to analyze the resulting times to fail-
ure. A p-value less than 5% was used in this experiment 
resulting in a confidence interval of 95%.

Experimental Results

WT77 vs. AB113: Time to Failure
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Figure 2 - Failure Times of Young Wild-Type and Msr-Deficient 
Animals. 5-9 days old AB113 (n=48) and WT77 (n=47) flies were 
stressed for 30 minutes at 38.5 °C using the Drosophila Activity 
Monitor (DAM) as described in the Methods. A Log-rank test was 
performed and the resulting p-value was p = 0.0329.

Figure 1 - Drosophila Activity Monitoring System
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A larger percentage of young wild-type flies fail when 
compared to flies lacking Msr

   Initial experiments used a wild-type (WT77; 
MsrA+/+ MsrB+/+) and MsrA/MsrB LOF line 
(AB113; MsrALOF/LOF MsrBLOF/LOF). Young 
(5-9 day old) male flies were exposed to hyperthermic 
conditions (38.5 °C for a maximum of 30 minutes) 
and the times to failure (absence of movement) were 
determined. A larger percentage of WT77 individu-
als were found to fail at any given minute when com-
pared to AB113 (p = 0.0329) (Fig. 2).

A larger percentage of wild-type flies fail when com-
pared to that of a sibling fly line

   The observation that the wild-type line (WT77) 
failed sooner than the MsrA/MsrB LOF line (AB113) 
was unexpected. Therefore, we compared WT77 
to a sibling wild-type line (WT31). Young (5-9 day 
old) male flies were exposed to hyperthermic stress 
(38.5 °C for a maximum of 30 minutes) and the time 
to failure for each animal was determined using the 
DAM system. The genotypes used in this experi-
ment consisted of the initial wild-type tested above 
(WT77; MsrA+/+ MsrB+/+) and a sibling wild-type 
line (WT31; MsrA+/+ MsrB+/+). The sibling wild-
type line was found to have a significantly lower per-
centage of failing flies over the course of the experi-
ment when compared to the initial wild-type line (p < 
0.0001) (Fig. 3). Additional experiments using WT77 

has shown that it is not a representative wild-type line 
and it was not used in subsequent experiments (data not 
shown).
A larger percentage of younger flies fail in the absence of 
MsrB regardless of the presence or absence of MsrA

   Young (5-9 day old) male flies were exposed to hyper-
thermic stress (38.5 °C for a maximum of 30 minutes) 
and the time to failure for each animal was determined 
using the DAM system. The genotypes used were wild-
type (WT31), MsrA LOF (A90) MsrB LOF (B54), and 
MsrA/MsrB LOF (AB46) (Table 1).  A larger percent-
age of flies lacking MsrB were found to fail at any given 
minute when compared to wild-type (p=0.0005), but the 
percentage of failing MsrB LOF and MsrA/MsrB LOF 
flies was similar (p=0.9400). Additionally, the percentage 
of failing MsrA LOF flies was not different from that of 
wild-type flies (p=0.7076) (Fig. 4).

A larger percentage of older flies with no known Msr activ-
ity fail when compared to wild-type

   To test the effect of age on thermal stress response, old 
(35-39 day old) male flies were exposed to hyperther-
mic conditions as described above. This age was select-
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Figure 3 - Failure Times of Two Young Sibling Wild-Type 
Lines. 5-9 days old WT77 (n=48) and WT31 (n=38) flies were 
stressed for 30 minutes at 38.5 °C using the Drosophila Activity 
Monitor (DAM) as described in the Methods. A Log-rank test 
was performed and the r resulting p < 0.0001.

WT31 vs. AB46 vs. A90 vs. B54: Time to Failure
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Figure 4 - Failure Times of Young Drosophila Lacking MsrA, 
MsrB or Both Activities. The following lines were tested for resis-
tance to thermal stress as described in Figure 1 and the Methods: 
5-9 days old AB46 (n=32), WT31 (n=16), A90 (n=16), and B54 
(n=16) were stressed for 30 minutes at 38.5 C using the Drosophila 
Activity Monitor (DAM) as described in the Methods. A Log-rank 
test was performed and the resulting p-values were p = 0.7076 for 
WT31 vs. A90, p = 0.0005 for WT31 vs. B54, p = 0.0002 for WT31 
vs. AB46, p = 0.0069 for A90 vs. AB46, p = 0.0242 for A90 vs. B54, 
and p = 0.9400 for B54 vs. AB46.

43



Volume 3, Issue 1 Spring 2014

FAURJ

ed since it is close to the maximum lifespan for the 
lines lacking both MsrA and MsrB (data not shown). 
The percentage of flies lacking any known Msr activity 
(AB46) failing under thermal stress was significantly 
higher than that of wild-type flies (p<0.0001; Fig. 5). 
Additionally, a significantly larger percentage of older 
animals failed under thermal stress when compared to 
younger animals (Compare Fig. 4 and 5).

Following preconditioning, an animal’s thermal stress 
response is not affected by the presence or absence of 
MsrA or MsrB and a shorter time to failure is observed

 Published studies have shown that exposure to 
sub-lethal hyperthermic conditions prior to exposure 
to heat stress extends the time to failure for wild-type 
flies [14]. We investigated whether flies with mutant 
MsrA or MsrB genes would also show an extended 
time to failure in response to thermal stress when pre-
conditioned. Three genotypes of 5–9 day old male flies 
were tested: wild-type (WT60), MsrA LOF (A90), and 
MsrB LOF (B54) (Table 1). We found that wild-type 
and MsrA/MsrB LOF flies preconditioned to thermal 
stress failed sooner than flies that had not been pre-
conditioned (Compare Fig. 4 and 6).  We did not ob-

serve any significant difference between the percentage 
of failing wild-type, MsrA LOF, and MsrB LOF animals 
(WT60 vs. A90 p = 0.6205; WT60 vs. B54 p = 0.4913; 
A90 vs. B54 p = 0.7572) (Fig. 6).

Discussion

   MsrA and MsrB have been found to reduce the effects 
of ROS-related conditions [11]. This suggests that Msr 
might play a role in an organism’s response to thermal 
stress, since hyperthermic exposure also produces ROS 
[4]. Our findings suggest that the presence of MsrB alone 
may be sufficient to influence the response of flies to 
thermal stress.
   Initial experiments demonstrated that a larger percent-
age of wild-type (WT77) animals failed when compared 
to young (5-9 day old) animals lacking both MsrA and 
MsrB (AB113) (Fig. 2). These results suggested that the 
presence of MsrA and MsrB reduces the ability of animals 
to adequately respond to thermal stress. However, exper-
iments with additional wild-type lines revealed that these 
results are significantly contrasting with those obtained 
from utilizing other wild-type lines (data not shown). 
Thus, we concluded that WT77 may not be representa-
tive of a wild-type. As a result, young flies of a sibling 
line (WT31) were also tested, compared to WT77 and 
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Figure 5 - Failure Times of Old Drosophila Lacking MsrA and 
MsrB Activity. The following strains were tested for resistance to 
thermal stress as described in Figure 1 and the Methods except 
the animals were 35-39 days old: AB46 (n=31) and WT31 (n=48) 
flies aged between 35 and 39 days and were stressed for 30 min-
utes at 38.5 °C using the Drosophila Activity Monitor (DAM) as 
described in the Methods. A Log-rank test was performed and 
the resulting p < 0.0001.
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Figure 6 - Failure Times of Young Drosophila Lacking MsrA 
or MsrB Activity. The following lines were tested for resistance to 
thermal stress following preconditioning as described in the Meth-
ods: WT31 (n=12), A90 (n=21), and B54 (n=12) flies were pre-con-
ditioned for 60 minutes at 36.0 °C. Following pre-conditioning, flies 
were stressed for 30 minutes at 38.5 °C. A Log-rank test was per-
formed and the resulting p-values were, p = 0.6205 for WT60 vs. 
A90, p = 0.4913 for WT60 vs. B54, and p = 0.7572 for A90 vs. B54.
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were found to take longer to fail (Fig. 3), which was 
consistent with data obtained from other wild-type 
lines (data not shown). WT77 was not used in any 
subsequent experiments. As a result, we investigated 
whether genotypes derived from the sibling wild-type 
line (WT31) would yield results that were consistent 
with other experiments being done in our lab. The 
following sibling lines (WT31; MsrA+/+ MsrB+/+, 
A90; MsrALOF/LOF MsrB+/+, B54; MsrA+/+ Ms-
rBLOF/LOF, AB46; MsrALOF/LOF MsrBLOF/LOF) 
were exposed to hyperthermic conditions (38.5 °C 
for a maximum of 30 minutes) and the times to fail-
ure (absence of movement) were recorded. The re-
sults of these experiments demonstrated that a high-
er percentage of organisms lacking both MsrA and 
MsrB failed under thermal stress when compared to 
wild-type (Fig. 4). This finding suggests that MsrA 
and MsrB may play a role in an animal’s response 
to thermal stress. Interestingly, we also found that 
a larger percentage of flies lacking only MsrB were 
found to fail under thermal stress when compared 
to wild-type, while the percentage that failed was 
approximately the same as that of flies lacking both 
MsrA and MsrB. In contrast, approximately the same 
percentage of flies lacking only MsrA failed when 
compared to wild-type. This suggests that MsrB may 
play a more important role in an organism’s response 
to thermal stress than MsrA. 
   The initial experiments showed that WT77 failed 
from thermal stress sooner than AB113. This unex-
pected finding is probably due to unknown genetic 
mutations in WT77. Additional experiments using 
WT31, WT 60 and another wild-type sibling line 
not used in these experiments also found that WT77 
shows significant differences when compared to the 
other wild-type lines. WT60 and WT31 also bene-
fited from numerous backcrosses to a lab wild-type 
line (YW) to provide a more consistent genetic back-
ground. 
   In order to test the effect of age on thermal stress 
response, we exposed flies aged between 35–39 days 
old to hyperthermic conditions and found that a 
higher percentage of organisms lacking both MsrA 
and MsrB failed when compared to wild-type (Fig. 
5). However, it was also observed that a significantly 

larger percentage of older animals failed under thermal 
stress when compared to younger animals (Fig. 4 and 5). 
This further suggests that MsrA and MsrB may play a 
role in an organism’s thermal stress response. In the fu-
ture, we will test the thermal stress response of old flies 
lacking either MsrA or MsrB. We anticipate that a high-
er percentage of flies lacking MsrB will fail sooner under 
hyperthermic conditions when compared to wild-type, 
while approximately the same percentage of MsrB LOF 
and MsrA/MsrB LOF will fail. In addition, we expect that 
flies lacking MsrA will fail at a rate that is not significantly 
different than the wild-type. If this hypothesis is correct, 
this will further suggest the importance of MsrB in re-
sponse to thermal stress. We can explore this hypothesis 
regarding the significance of MsrB in response to thermal 
stress by performing transgenic rescue experiments on 
all of our mutant genotypes (MsrA LOF, MsrB LOF, and 
MsrA/MsrB LOF). If MsrB does play a more important 
role in an animal’s thermal stress response, then transgen-
ic expression of MsrA in animals lacking any Msr activity 
should not significantly slow the time of failure. However, 
similar transgenic rescue experiments using MsrB should 
show increased protection from failure induced by ther-
mal stress. 
   Thermal stress preconditioning has been shown to pro-
vide neuronal protection to animals during thermal stress 
exposure by the upregulation of heat shock proteins, 
particularly Hsp70 [13, 14]. As a result, we investigated 
whether thermal stress preconditioning would increase 
the time to failure of MsrA LOF, MsrB LOF, and MsrA/
MsrB LOF mutants. However, our findings suggest that 
preconditioning may have a detrimental effect on the 
thermal stress response of these animals. These experi-
ments are being repeated because the protective effect of 
preconditioning is a well-documented phenomenon [14]. 
However, identification of the conditions necessary to ob-
tain this effect is very challenging since a slight variation 
in temperature can overstress the animal, resulting in a 
detrimental rather than protective effect. As a result, pre-
conditioning experiments using only the wild-type lines 
are underway at the time of this writing in order to de-
termine the conditions that are required so that the wild-
type strain behaves in a predictable manner compared 
to that of the literature results. Then, under those condi-
tions, we can compare the various Msr mutant lines. 
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Although specific biochemical functions are well estab-
lished for the Msr enzymes, there are many functions of 
these proteins in various physiological processes that are 
not yet clear. From this study we have observed that the 
antioxidant, MsrB, may play a role that is distinct from 
that of MsrA in aiding an organism’s response to thermal 
stress. The results of these experiments as well as other 
experiments currently underway in the lab suggest that 
MsrA and MsrB have important biochemical functions 
that are unknown at this time.
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Sharing the Same Demons: The Venezuelan-Iranian Alliance and Their Anti-U.S. Ideology
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Abstract.    The Venezuela—Iran alliance had the power to stir up controversy and generate worry with-
in the U.S. Despite differences in type of government, economic system, religion, and culture, both  
countries established a successful strategic coalition. How can we account for the formation of this strong  
partnership that provoked adoration and revulsion in equal measure? How did Chavez and Ahmadinejad 
benefit from their strategic cooperation? In addressing those two questions, my research examines the 
ideological and the economic factors that brought both countries together. It posits that the relationship  
between Venezuela and Iran was the manifestation of the joint efforts toward a common enemy,  the  
“American empire.” My research focuses on the economic solidarity and political discourses as sources to 
promote their common anti-U.S. sentiment, sustain their popularity, and prevail in power. It is important 
to explain how despite domestic and foreign opposition against Chavez and Ahmadinejad, both leaders 
prevailed as heads of state throughout all these years. As such, by evaluating their past activities and opaque 
maneuvers, it is possible to understand how they were able to bypass international sanctions, consolidate 
their power, suppress political opponents, and forge regional and foreign partnerships. 

Introduction

   “The Devil is in the house… the devil came here 
yesterday and it smells of sulfur still today . . . As the 
spokesman of imperialism, he came to share his nos-
trums to try to preserve the current pattern of domi-
nation, exploitation, and pillage of the peoples of the 
world. An Alfred Hitchcock movie could use it as a 
scenario. I would even propose a title: The Devil’s 
Recipe” (UN General Assembly 61st Session 2006). 
Venezuelan President Hugo Chávez tore into his U.S. 
counterpart, likening George W. Bush to the devil. 
“The American empire,” according to Chávez, pur-
sues the consolidation of its system of domination 
and world dictatorship. 
   Defiant rhetoric against imperialism characterizes 
not only leftist governments in Latin America, but 
also in the Middle East (Dorraj and Dodson 2009). 
Iran’s former leader Mahmoud Ahmadinejad points 
to the U.S. accountability for Iranian afflictions by 
evoking past rhetoric such as Ayatollah Khomeini’s 
speech after becoming the supreme leader of Iran in 
1979. Khomeini accused the U.S. of seeking global 
hegemony and control over Iran while affirming, 
“America is the great Satan, the wounded snake” 
(quoted in Buck 2009: 136). Ahmadinejad embraces 

Khomeini’s dualistic worldview, dividing the world into 
oppressors and the oppressed.
   No image could be more evocative than the characteri-
zation of the U.S. as the great Satan or the devil in coun-
tries such as Venezuela and Iran, where governments 
exalted the anti-imperialism sentiment (O’Connor 2002; 
Gratius and Furtig 2009; Goforth 2012). It did not take 
long before Chávez and Ahmadinejad started to coop-
erate with each other as they found something in com-
mon. Their shared ideology consisted of the rejection 
of economic dependency on the U.S. and opposition to 
its interference in domestic affairs (Higgins 2006; Sweig 
2006).  
   Besides oil, Venezuela and Iran have little in common. 
Venezuela is a federal republic with a secular govern-
ment that pushes toward socialism. Ninety-six percent 
of the population follows the Roman Catholic faith, and 
women play a key role in the national government (Hag-
gerty 1990; Keramati 2006). On the other hand, Iran is 
a theocratic republic based on Sharia law. The religious 
supreme leader and the country’s president share the ex-
ecutive branch. Ninety-eight percent of the population 
follows the Muslim faith, which values the traditional 
submissive role of women in society. Iran has not pushed 
socialism to the same extent as Venezuela (Chapin 1987; 
Haggerty 1990; Keramati 2006). What drives these two 
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nations to form an alliance? 
   The idea that two countries with more differences 
than similarities came together to create a coalition 
offers a puzzle. Therefore, to understand the basis 
of the Venezuela-Iran alliance, I present a history of 
the relationship since the election of Chávez in 1999. 
I next detail the leaders’ diplomatic visits to Caracas 
and Tehran by explaining the circumstances of those 
events and exposing their defiant rhetoric against the 
U.S. I then evaluate the economic links between the 
two countries, utilizing timely and comparable statis-
tics on exports and imports. By combining this data, I 
explain how their ideological alliance led to economic 
cooperation.
   Through the analysis of the public diplomacy, it is 
possible to determine the tendency of Venezuela and 
Iran to reunite and embark in joined ventures ev-
ery time both countries’ interests conflicted with the 
American ones. To this end, the study of the econom-
ic activities offers insight into the development of co-
operation between both leaders throughout the years. 
Likewise, the assessment of the leaders’ presidential 
visits and public events reveals the sense of solidarity 
between Chávez and Ahmadinejad while their nega-
tive and bellicose discourse exposes the tension levels 
between the countries and the U.S. 
   Besides examining how both leaders found it advan-
tageous to foster a strategic alliance, which later led 
to efforts in banking, energy, commerce, and military 
cooperation (Karami 2007; Morgenthau 2009; John-
son 2012; Luxner 2013), it is also important to explain 
how despite domestic and foreign opposition against 
Chávez and Ahmadinejad, both leaders prevailed as 
heads of state throughout all these years. As such, by 
evaluating their past activities and opaque maneuvers, 
it is possible to understand how they were able to by-
pass international sanctions, consolidate their power, 
suppress political opponents, and forge regional and 
foreign partnerships.

Literature Review

   Two schools of thought explain the causes for the 
establishment of the coalition. One theory posits that 

the increase of international sanctions on Iran forced 
the country to associate with Venezuela (Carswell 1981; 
Chubin and Litwak 2003; Torbat 2005; Morady 2009). An 
alternative theory postulates that a shared foreign policy 
based on anti-imperialist sentiment brought both coun-
tries together (O’Connor 2002; Gratius and Furtig 2009; 
Goforth 2012). The following literature review illustrates 
and supports these two theories.

Iran Turned to Venezuela to Bypass International Sanctions

   Sanctions against Iran arose after Ayatollah Ruhollah 
Khomeini became the supreme leader of the country in 
1979 (Abrahamian 2008). Khomeini’s Islamic Revolution 
not only put an end to the Shah’s pro-U.S. regime, but 
also moved the Iranian domestic and foreign policy to an 
extreme anti-U.S. orientation. As such, throughout time, 
sanctions by the international community  and the U.S.  
increased---esspecially after Iran reduced its cooperation 
with the International Atomic Energy Agency (IAEA) in 
2006, creating global concern over the country’s nuclear 
program (IAEA 2005; Yazdani and Hussain 2006; CIA 
2012; U.S. Department of the Treasury 2012). 
   The increase of sanctions hurt Iran as they reduced the 
access to products needed for the oil and energy sector, 
and prompted businesses as well as oil companies to 
withdraw from the country’s market (Torbat 2005). All 
of those detrimental effects undermine the development 
and progress of the country because the sanctions target 
the Iranian energy sector, which provides about 80% of 
government revenues (Carswell 1981). The effects also 
reach citizens by increasing the cost of goods and de-
creasing services (Morady 2009). Because of its damaged 
government and economy, Iran had to turn to Venezuela 
to bypass the growing list of sanctions and to overcome 
diplomatic isolation (Chubin and Litwak 2003).

Ideology Based Alliance  

   A second school of thought argues that a foreign policy 
based on the anti-imperialism sentiment drove Venezu-
ela and Iran to forge a cooperative alliance (Gratius and 
Furtig 2009; Goforth 2012).  Chávez and Ahmadinejad 
perceived the U.S. as a threat to their countries’ sover-
eignty. Therefore, they worked on limiting economic 
dependency on the U.S. and spreading their ideology, 
which rejected the culture, values, policies, and interna-
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tional role of the U.S. (O’Connor 2002). Antagonism 
toward the “American empire” has deep roots in the 
history of countries such as Venezuela and Iran. 
   The Islamic Revolution in 1979 established a theo-
cratic rule in Iran, with Khomeini as a supreme lead-
er. He denounced the American ambitions of global 
supremacy and control over Iran (Abrahamian 2008). 
Khomeini’s attitude against the U.S. strengthened 
during the climax of the Iran-Iraq war (1980-1988) 
when the U.S. supported Iraq by providing intelli-
gence and military aid (Slavin 2007). American ac-
tions during the war and the growing sanctions on 

Iran increased resentment among the citizens who re-
garded the U.S. as accountable for the society’s afflictions. 
   Ahmadinejad evoked past resentments and accused the 
U.S. of using the alleged Iranian attempts to build nuclear 
weapons as an excuse to isolate Iran at the regional and 
international levels (Yazdani and Hussain 2006). Despite 
ongoing sanctions that resulted in economic distress, 
Ahmadinejad remained defiant and continued to assert 
the Iranian sovereignty right to acquire nuclear technol-
ogy for peaceful uses (Goforth 2012; Erlanger 2013). Be-
cause of its concerns with national security, Iran refused 
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1 The U.S. imposed sanctions over Venezuela in 2011.  
The U.S. issued the following sanctions against Iran for proliferation activities and terrorism support: 
Executive Order (EO) 12170 (1979), EO 12613 (1987), EO 12957 (1995), EO 12959 (1995), EO 13059 
(1997), EO 13382 (2005), EO 13553 (2010), EO 13574, 13590 (2011). The U.S. Congress passed the 
Iran-Libya Sanctions Act of 1996 and the Comprehensive Iran Sanctions, Accountability, and Divestment 
Act of 2010 (CIA 2012; U.S. Department of Treasure 2012). 

Source Date Number of 
Times 

Leaders 
Meet 

Circumstances Security 
Council 

Resolutions1 

HACER 
Hispanic America 
Center 
for Economic Research 

2012 1 Ahmadinejad visited Venezuela. 
Chávez accused the U.S. and its allies of demonizing 
Iran and using false claims about the nuclear issue.  

2049 

Aljazeera 2010 3 Chávez’s visit to Tehran was part of an international 
tour that aimed at strengthening Venezuela’s economic 
ties with Easter Europe and the Middle East. 
 

1984 (2011) 
1929 

New York Times 2009 4 Ahmadinejad was in Latin America to boost ties with 
supporters of Iran’s nuclear program. 
Chávez traveled to Tehran just after Ahmadinejad won 
a second term in office. 
 

 

Washington Post 
 

2007 4 The Venezuelan leader made an official visit to Tehran 
after an OPEC’s summit in Saudi Arabia. 
On a trip to strengthen ties with leftist in Latin America, 
Ahmadinejad stopped in Caracas. 
In Tehran, Chávez launched the construction of a joint 
petrochemical plant with Ahmadinejad. 
 

1803 (2008) 
1747 

Foreign Policy in 
Focus 

2006 3 Ahmadinejad made his first trip to Caracas. During his 
two-day visit, Chávez and Ahmadinejad signed over 20 
agreements and inaugurated the Iranian petroleum 
drilling operation of Petropars.  
Chávez  arrived in Tehran after his Iranian couterpart 
won the presidency of his country.  
 

1737  
1696  

LADDO 
Latin America 
Democracy 
Defense Organization 

2005-
2001 

     8 Before Ahmadinejad took office in 2005, Chávez  
traveled to Tehran five times.  
Mohammad Khatami made three official visits to 
Caracas.  
 
 

 

Table 1 - Diplomatic Relations between Venezuela and Iran and UNSC Resolutions



FAURJ

Volume 3, Issue 1 Spring 2014

to abandon its nuclear program, which is a point of 
national pride and a deterrent against American and 
Israeli potential attacks (Newman 2011). Ahmadine-
jad emerged as a survivor of the Imperialist powers 
and showed solidarity with Chávez and his struggle to 
limit American interference in his country. 
   In Venezuela, for decades, the U.S. strongly support-
ed brutal dictators  who facilitated the American oil 
ambitions in the country (Keramati 2006). Friction 
between the U.S. and Venezuela arose when Chávez 
came into power in 1999. Actions such as the visit 
of Chávez to Iraq in 2000 created strong opposition 
from the U.S. (Sharma, Tracy, and Kumar 2004; Goli-
ger 2006). Other events that drew international at-
tention included the Venezuelan obstruction to the 
FTAA (Dye 2011), revocation of the 50-year old bi-
lateral military collaboration agreement with the U.S., 
and lack of cooperation on the Drug War (Goliger 
2006). Such policies created alarm within the U.S., 
which led to the American support for the 2002-failed 
coup against the Venezuelan leader (Goliger 2006).  
Chávez perceived the U.S. as an enemy that, by trying 
to advance its interests, undermined the development 
of Venezuela and other nations. As such, he blamed 
American foreign policy and capitalism for much of 
Latin America’s social ills. 

Research Question

   Whether their shared ideology or the increase of 
sanctions on Iran resulted in Chávez’s and Ahmadine-
jad’s solidarity divides scholars in trying to explain 
the establishment of this partnership (Carswell 1981; 
O’Connor 2002; Chubin and Litwak 2003; Torbat 
2005; Gratius and Furtig 2009; Morady 2009; Goforth 
2012). How can we account for the formation of this 
strong alliance that provoked adoration and revulsion 
in equal measure? How did Chávez and Ahmadine-
jad benefit from their strategic cooperation? In ad-
dressing those two questions, my research examines 
the reasons that drove Venezuela and Iran together, 
as well as the activities that the coalition engaged 
in to advance their interests. By combining data on 
ideological and economic factors, my work concludes 
that the relationship between Chávez and Ahmadine-
jad was related to their anti-U.S. ideology but not to 

economic benefits (O’Connor 2002; Gratius and Furtig 
2009; Goforth 2012). Their common enemy thus drove 
the relationship to forge cooperation, strengthen their 
ties, and spread their beliefs (Sharma, Tracy, and Kumar 
2004; Morgenthau 2009).

Data, Findings, and Analysis  

   Despite Venezuela’s extensive oil exports to the U.S., 
Chávez stood as a vocal critic of the American govern-
ment (Romero 2011; Martinez and Yuan 2012). The Ven-
ezuelan president proved to be controversial not only by 
his stance, but also by his verbal attacks against the U.S. 
(Farah 2009). Similar to Chávez, Ahmadinejad became 
a divisive figure in world affairs by his lack of cooper-
ation with the IAEA over the Iranian nuclear program 
(Yazdani and Hussain 2006) and by his hostility toward 
the U.S. (Worth 2009). Sharing common worldviews 
resulted in signs of evolving partnership between both 
countries (Morgenthau 2009).
   With the purpose to strengthen their alliance and fur-
ther their ideology, both heads of state engaged in nu-
merous diplomatic visits to Caracas and Tehran (Alavi 
2007). Chávez and Ahmadinejad soon realized that their 
frequent diplomatic trips not only created concern in the 
U.S., but also attracted large international attention (War-
ren 2006), which they used to wage an oral war against 
the American government. 

Diplomatic Relations

   Chávez and Ahmadinejad’s strategic visits to countries 
around the world aimed at gathering solidarity to further 
their interest in confronting to what they considered U.S. 
global hegemony (Varner 2006). To illustrate, in 2006, 
Chávez engaged in a world tour throughout countries of 
Latin American, Europe, and Asia to generate support 
for his plan to seek a UN Security Council (UNSC) seat 
(Warren 2006; Romero 2006). Although Venezuela re-
ceived the backing from most of the states Chávez visit-
ed, it decided to withdraw from the contention due to 47 
rounds of deadlocked voting (Goforth 2012). His close 
race candidacy proved Chávez’s ability to create worry in 
the U.S., which promptly lobbied to halt the Venezuelan 
victory (Romero 2006). 
   A turning point against Venezuela’s effort to win a 
UNSC seat came during a speech by Chávez earlier that 
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year at the UN General Assembly when he ridiculed 
President Bush as the devil (Romero 2006). Chávez’s 
comments affected his candidacy, yet they played well 
with people in Venezuela and Iran, where disapprov-

   Chávez and Ahmadinejad acknowledged that confront-
ing U.S. hegemony and overcoming dependency required 
a collective strategy (Ellner 2008; Goforth 2012). The es-
tablishment of the Venezuelan-Iranian bloc allowed the 
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al against the Bush administration and its invasion of 
Iraq reinforced the anti-imperialist sentiment (Go-
linger 2005). Over time, Chávez’s stance increased his 
popularity, which he used to advance his diplomatic 
relations with Ahmadinejad through frequent trips to 
the Islamic Republic.  
   By the time Chávez arrived in Tehran in 2006, he en-
joyed the effusive welcome of the crowd while receiv-
ing Ahmadinejad’s greetings: “Chávez is my brother 
and a friend of the Iranian nation, seeking freedom 
around the world. He is a worker of God and a servant 
of the people” (quoted in El Universal 2006; Warren 
2006). Strategic visits to Tehran and Caracas became 
key factors for the formation of the Venezuela-Iran 
alliance. Chávez perceived both countries as under 
attack from “U.S. imperialism” (Holland 2006). Pro-
moting the creation of a bloc to counter American 
threats became the primary goal of their meetings.  

leaders to push strongly for their common interests (Go-
forth 2012). The proposal to have a basket of currencies 
rather than just the dollar for the pricing of OPEC oil 
provides an example of their joint efforts. Although their 
proposal failed to pass, both heads of state refused to 
take the OPEC summit’s outcomes as a failure, but as an 
opportunity to emphasize that “with the fall of the dol-
lar, the deviant U.S. imperialism will fall, too” (quoted in 
Lawler 2007; Hulbert 2009). 
   The concern of the American government and pub-
lic grew as both leaders’ contentious discourses kept in-
creasing in provocations (Karimi 2007; Hakinmzadeh 
2009). In 2007, Ahmadinejad’s address to the UN Gen-
eral Assembly caused public uproar when he denounced 
Israel for displacing Palestinians from their land and the 
U.S. for the occupation of Iraq under false excuses (UN 
General Assembly 62nd Session 2007). Public repudia-
tion arose against Ahmadinejad’s statements, yet they 

Source: ITC, 2012 Annual Trade Report and IMF, DOTS 2001-2011.

Figure 1 - Total Venezuelan Exports and Imports to/from Iran (2001-2011)

Table 2 - Total Venezuelan Exports and Imports to/from Iran  (2001-2011)
                 Total of all Products

                                 Unit: millions of U.S. Dollars
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received approval from people in Venezuela, where 
discontent against the U.S.-backed coup that failed to 
remove Chávez (from power in 2002) still prevailed 
in the country (Hakinmzadeh 2009). Ahmadinejad, 
according to Chávez’s statements, represented “one 
of the greatest anti-imperialist fighters and one of the 
great fighters for true peace” (quoted in Karimi 2007; 
Hakinmzadeh 2009). 
   Both presidents proved successful in supporting 
each other, especially in times of crisis (Gerami and 
Squassoni 2008; Romero 2009). To illustrate, over 
time, sanctions on Iran unbalanced the country’s 
economy, so by 2009, Ahmadinejad’s popularity de-
creased considerably. Consequently, the reelection of 
the leader produced mass mobilization from his ri-
val’s supporters as they claimed irregularities at the 
polls. The Iranian government rapidly crushed the 
demonstrators while accusing the West to sponsor 
the revolt (Erdbrink 2009). In these circumstances, 
Chávez showed his solidarity by traveling to Tehran, 
where the Venezuelan president praised Ahmadine-
jad for his reelection and “for standing up to attempts 
by Western forces to destabilize Iran” (quoted in 
Romero 2009). 
   The fact that both leaders possessed the capacity to 
stir up controversy and cause worry within the U.S. 
through their defiant stance and provocative rhetoric 
demonstrates the strength of their alliance (Neuman 
and Romero 2012). Chávez and Ahmadinejad gath-
ered global attention, and by using the world media, 
they advanced their ideology and increased their 
popularity. As such, throughout the years as heads of 
the state they seized control of their own oil indus-
try, consolidated government authority under the 
presidency, allowed basic government functions to 
weaken, oppressed political opponents, and courted 
regional and foreign alliances (Karimi 2007; Gera-
mi and Squassoni 2008; Romero 2011; Martinez and 
Yuan, 2012). 

Venezuelan and Iranian Economic Links

   Working from the little documentation available, as 
the governments of both Venezuela and Iran did not 
report precise figures on their commercial activities 
nor were members of international economic organi-

zation, it is yet possible to shed light on what the coun-
tries share with each other. Data from the Internation-
al Trade Center (ITC) and the International Monetary 
Fund (IMF) provide ample information on the bilateral 
trade between the countries. Statistics on exports and im-
ports offer the means to analyze the phenomenon of how 
political ties result in economic cooperation. The com-
prehensive, timely, and comparable data demonstrates 
that besides diplomatic visits, Chávez and Ahmadinejad 
fortified their alliance through bilateral economic activ-
ities. Table 2 details the economic relationship between 
these countries.
   The data in Table 2 exhibits the rapid increase of eco-
nomic activities right after Ahmadinejad won the presi-
dency of Iran in 2005. From $1 million in 2004, bilater-
al trade surpassed $50 million by the end of 2006. The 
amount registered that year doubled in 2008, when bilat-
eral trade stood out at above $100 million. Even though 
figures reached their highest point during 2008, they de-
creased slightly during the subsequent years (IMF Direc-
tion of Trade Statistics 2006-2012). A possible explana-
tion for the decline of the commercial activities might be 
the result of Chávez’s deteriorating health,  which drove 
Venezuela into political uncertainty and internal con-
flicts (Neuman 2013). Figure 1 displays the rise and fall 
of the economic relationship over time.
   Even though trade activities declined after 2008, both 
countries continued their endeavors of challenging the 
U.S. through their economic and military solidarity (De-
Shazo and Forman 2010; Luxner 2013). Cooperation in 
mining and energy projects helped Iran to obtain compo-
nents and strategic materials for its uranium enrichment 
efforts. In 2008, the Venezuelan mining company CVG 
Minerven granted the Iranian firm Impasco rights to a 
gold mine concession. Iran also became a major investor 
in the Ayacucho oil field project, and Venezuela agreed to 
invest in Iran’s South Pars gas field (Johnson 2012). 
   With regard to cooperation in financing, Venezuela 
agreed on the formation of a bilateral banking system 
in Caracas, which allowed Iran to channel resources for 
its nuclear activities and its Defense Ministry (Johnson 
2012; Goforth 2012). The establishment of the joint air-
line route between Caracas and Tehran and the relaxed 
custom protocols with Venezuela benefited Iran as they 
allowed the transport of suspicious passengers and cargo 
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______________
5The data gathered in Table 2 is a combination of ITC and IMF (DOTS)

(Noriega and Cardenas 2011). Through his friend-
ship with Chávez, Ahmadinejad not only advanced 
his military interest but also found strategic avenues 
to boost his economy, uplift his government, and fur-
ther diplomatic relations. On the other hand, Chávez 
found in Ahmadinejad not only a political ally within 
the OPEC for his efforts to keep oil prices high, but 
also an ideological ally that provided support and le-
gitimacy to Chávez’s anti-U.S. sentiment (Rubin 2008; 
Farah 2011).
   Iran’s economic development deteriorated in part 
because of the growing list of sanctions, which start-
ed during Khomeini’s mandate; yet cooperation with 
Venezuela was minimum (Forero 2013; Luxner 2013). 
Ties between both countries increased only after Ah-
madinejad took office (ITC 2006-2012; IMF Direc-
tion of Trade Statistics 2006-2012). Chávez perceived 
the political orientation of his Iranian counterpart 
as appealing to his cause, and thus forged a partner-
ship with Iran to join efforts for reducing American 
intrusiveness (O’Connor 2002; Gratius and Furtig 
2009; Goforth 2012; Johnson 2012). Over time, such 
alliance resulted into economic cooperation (Laland-
er 2003; Raby 2007; Beasley-Murray, Cameron, and 
Hershberg 2009). 
   The deteriorating health and subsequent death of 
Chávez this year created a state of tension within 
Iran; yet, the election of Nicolas Maduro, politician of 
Chávez’s inner circle, provided assurance of no change 
in the relations with the Islamic Republic (Neuman 
2013). Chavistas , even without Chávez, work on 
maintaining a status quo in the government as doing 
so will result in the continuation of the regime (Neu-
man 2013). Similarly, changes in the government re-
lates not only to Venezuela, but also to Iran. Hassan 
Rouhani replaced Ahmadinejad in office this August. 
Although Rouhani appears as a pragmatic and mod-
erate politician, it is yet early to assume a potential 
improvement in relations between Iran and the West.

Conclusion

   By willingness to speak their mind, Chávez and Ah-
madinejad stirred up controversy, attracting massed 
international attention. The leaders’ political dis-

courses not only built support, but also created distrac-
tion from deeply rooted problems at home, like high 
inflation and soaring crime (Romero 2011; Martinez 
and Yuan 2012; Neuman 2013). Through verbal attacks 
against the U.S. at presidential visits and public events, 
the leaders produced favorable reactions from leftist gov-
ernments and population that felt the necessity of reduc-
ing dependency on the U.S. and promoting regional inte-
gration (Farah 2009; Worth 2009).
   The rise of the electoral left in Latin America that rep-
resents a trend against neoliberalism favored the Ven-
ezuelan socialist and integrationist measures as well as 
the Iranian capital in their economies (Beasley-Murray, 
Cameron, and Hershberg 2009). Apart from the sym-
bolism of defying the West, leftist-inclined governments 
found in the Venezuela-Iran strategic relationship a de-
fensive initiative against American intrusiveness in the 
region (Borbon 2009; Sullivan 2008; Colonel 2005; Harris 
and Azzi 2006; Morgenthau 2009). Even without Chávez 
and Ahmadinejad, Latin American countries might find 
it advantageous to form a regional alliance, under which 
socialist initiatives have a chance to develop.
   Stepping back from the collected data, one can see that 
the Venezuelan-Iranian alliance originated from the fact 
that Chávez and Ahmadinejad shared the same ideolo-
gy-driven foreign policy (O’Connor 2002; Gratius and 
Furtig 2009; Goforth 2012). Both heads of states per-
ceived the U.S. as a threat to their regime and national 
sovereignty. As such, they saw the formation of a stra-
tegic partnership beneficial to reducing American inter-
ference in their countries (Kellogg 2007; Saguier 2007; 
Suarez 2006; Noriega and Cardenas 2011; Johnson 2012).
   The Iranian economic hardship did not constitute the 
sole reason for Venezuela and Iran to establish a coalition. 
My research exposes that international sanctions on Iran 
started years prior to Ahmadinejad’s government, yet co-
operation between both states showed as minimum (ITC 
2006-2012; IMF Direction of Trade Statistics 2006-2012; 
Forero 2013; Luxner 2013). After 2005, these circum-
stances changed with the growth of their economic activ-
ities and with the rise of the presidents as divisive figures 
in world affairs. Their common enemy and anti-imperi-
alist ideology thus drove the relationship to forge eco-
nomic cooperation and strengthen their ties (Sharma, 
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Tracy, and Kumar 2004; Morgenthau 2009). Using pub-
lic diplomacy and political rhetoric as means to sustain 
their popularity and maintain their regime (Yazdani and 
Hussain 2006), Chávez and Ahmadinejad overcame do-
mestic and foreign opposition, which seemed desperate 
to discredit their governments and to force them from 
power (Serbin 2008; Luxner 2013; Forero 2013).
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Abstract.     The purpose of this research was to identify themes in communication between persons 
with Alzheimer’s disease and their spouse caregivers. Theme identification provides insight so that in-
terventions can be designed to improve communication. The long term goal of this research is to im-
prove quality of life for couples experiencing dementia and increase their satisfaction with their rela-
tionship. Thirty transcribed videotaped ten-minute interviews between fifteen couples who consented 
to participate in a previous study (Principal Investigator: Williams) were analyzed to identify common 
themes. Themes included Harmony in Spite of a Memory Disorder, Healthy Acceptance, and Discord 
and Contempt. These themes were further divided into individual subthemes, which included “Loving 
Affection,” “Bringing up the Past,” “Orienting Spouse to the Situation,” “Giving Assurance,” “Fighting 
Acceptance of Illness,” and “Bitterness and Frustration.” Understanding the themes generated within 
the conversations help to further analyze the effects that Alzheimer’s disease has on communication in 
a relationship.

Introduction

   Globally, about 44 million people have Alzheimer’s 
disease (AD) and the numbers continue to grow (Alz-
heimer’s Association, 2013). AD is the most common 
form of dementia, has no cure, and involves loss of 
thinking skills which decrease the individual’s dai-
ly functioning (NIH, 2011). Persons with AD need 
assistance with activities of daily living and family 
members, most often spouses, gradually take on this 
responsibility (Zarit & Edwards, 2008). Caregiving is 
difficult and stressful (Alzheimer’s Association, 2013). 
Often, both physical and mental health suffer as a re-
sult of the demands of caregiving (Irwin et al., 2013; 
Perkins et al., 2013).  Communication is the key to es-
tablishing and maintaining marital relationships, but 
when a spouse is diagnosed with a memory disorder 
such as Alzheimer’s disease (AD), the couple is at risk 
for marital dissatisfaction (Kolanowski, 2004). Along 
with the loss of memory are the unmet relational 
needs such as missed opportunities to grow closer to 
a partner due to frustration, misunderstandings, and 
unmet expectations (Williams, 2011, p. 28). As a re-
sult, spouses are less able to fulfill one another’s needs 

and caregiving partners may suffer from loneliness and 
depression, while the one being cared for may be emo-
tionally neglected (Purves and Phinney, 2012).  Com-
munication difficulties are a major source of caregiver 
burden (Watson et al., 2012). Nurses care for families af-
fected by Alzheimer’s disease in a variety of settings both 
inside the hospital and in the community and therefore 
have the opportunity to support caregivers and to pro-
vide anticipatory guidance about changes in couples’ re-
lationships. The research question that guided this study 
was, “What are the patterns in communication between 
persons with AD and their spouse caregivers?” 
   The long term goal of this program of research is to 
improve quality of life for couples experiencing demen-
tia-related illnesses and increase satisfaction in their 
relationships with significant others. The focus was on 
understanding the human experience in the relation-
ship between the caregiver and the spouse with AD and 
identifying common themes, so that education can be 
designed to improve the quality of communication and 
satisfaction within relationships. 
Literature Review

   The theory of person-centered care of Thomas Kitwood 
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(Kitwood & Bredin, 1992) grounded the study. Respect 
for personhood was a fundamental tenet of his theory. 
Tresolini et al. (1994) describes the evolution of this in-
dividualistic view to that of relationship-centered care. 
To provide the best care for persons with dementia he 
contended that they must be viewed as inseparable from 
their relationships with significant others. This theory 
was designed to capture the social experience between 
caregivers and their spouses.
   There have been several studies that have explored re-
lationships between caregivers and their spouses with 
AD. Purves and Phinney (2012) reported results from 
a qualitative study of two families with a member diag-
nosed with Alzheimer’s disease. Findings indicated fam-
ily members’ frustration and sadness at the changes in 
conversation manifested in themes There’s No Point and 
We Don’t have Conversations Anymore (Purves & Phin-
ney, 2012, p. 289). Some hope was revealed in themes ti-
tled You Find Ways (Purves & Phinney, 2012, p. 290) and 
Keeping Conversations Going (Purves & Phinney, 2012, 
p. 293).  Limitations of the study included the small sam-
ple and that they did not analyze conversations between 
caregivers and spouses but rather asked family members 
about their perceptions of the relationships.
   Davies (2011) used a mixed methods approach to 
study the meaning of commitment in the context of AD 
in six couples experiencing early-stage AD using in-
depth semi-structured interviews. The researchers in-
terviewed couples about their understanding of their re-
lationship. For example, participants were asked to tell a 
story about how they met. This approach focused on the 
participants’ perceptions about their relationship rather 
than analyzing their way of relating as it occurs during 
the interview. Transcript analysis resulted in themes that 
spanned pre-diagnosis, diagnosis, and post-diagnosis 
impact. Couples described themes titles Partnership for 
Life (Davies, 2011, p. 225), Reciprocity (Davies, 2011, p. 
227), Resilience (Davies, 2011, p. 228) and Forgiveness 
(Davies, 2011, p.229). Couples maintained an “us iden-
tity” (Davies, 2011, p. 230), focused on the present, and 
worked on their marriages. 
   Daniels, Lamson and Hodgson (2007) conducted an 
in-depth qualitative analysis of three interviews with a 
couple experiencing AD. The couple answered questions 

such as “Tell us a little about your marital relationship.” 
(Daniels, Lamson, & Hodgson, 2007, p. 164). Themes 
included Preparations for Future Changes (Daniels, 
Lamson, & Hodgson, 2007, p. 169), Family Influenc-
es and Social Support (Daniels, Lamson, & Hodgson, 
2007, p. 170), Life Evaluation and Experiences with AD 
(Daniels, Lamson, & Hodgson, 2007, p. 173). Much of 
what was found concerned reflections on the immedi-
ate and distant past and future in contrast to the cur-
rent study that focuses mostly on the present. 
   Hellstrom, Nolan, and Lundh (2007) reported results 
of a grounded theory qualitative study which included 
20 participants (husbands and wives where a spouse 
had some form of dementia) and 152 interviews. In-
terviews were conducted every six months over a pe-
riod of two years, either in-person or by telephone, in 
separate or joint interviews. At the beginning of the 
two year period, themes centered around togetherness, 
but by the end of the study themes evolved to Mov-
ing On (Hellstrom, Nolan, & Lundh, 2007, p. 403). The 
lengthy time span of the study allowed the research-
ers to describe participants’ perceptions of struggling 
to maintain a close relationship until finally accepting 
spouses’ increasing dependence and subsequent loss 
of mutuality. As in previous studies, the researchers 
relied on participants’ accounts of their evolving re-
lationships rather than analyzing the relationship as 
manifested in the encounters.
   In another grounded theory study, Corcoran (2011) 
identified four care-giving styles (facilitating, balanc-
ing, advocating, and directing) that caregivers used 
when relating to a family member with AD.  Partici-
pants were 42 spouses or other family members who 
were interviewed multiple times at home. Caregivers 
were asked about “a typical day,” “strategies for meet-
ing his or her needs,” caregiving priorities, and how 
they would advise a fictitious caregiver presented in a 
vignette (Corcoran, 2011, p. 466). Thirty participants 
were also videotaped with their family member with 
dementia. Typologies were based on the caregivers’ an-
swers to the interview questions.
   In summary, although a number of studies have been 
conducted to examine the relationship between the 
caregiver and spouse with AD, none have focused spe-
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cifically on analysis of recorded interactions and there-
fore there is a need for further study. The direct analysis 
of conversations provides another lens through which to 
view this relationship. Perceptions are limited by their 
subjective nature and may differ from spouses’ behavior 
during conversations. The purpose of this study was to 
analyze communication between persons with Alzhei-
mer’s disease and their spouse caregivers (CG) in order 
to identify themes in communication.

Design and Methods

This qualitative study, which used a method discourse 
analysis (Potter, 2004), was a secondary analysis of tran-
scribed audio-recorded data designed to characterize 
communication between 15 persons with Alzheimer’s 
disease and their caregiver spouses. The purpose of the 
parent study was to evaluate a 10 week educational pro-
gram about communicating with persons diagnosed 
with AD.  Participants in the IRB approved parent study 
were recruited from enrollees in a day program for in-
dividuals with memory disorders in south Florida and 
their spouses.  Program staff asked spouses if they were 
interested in hearing more about a research study. Those 
interested met with the researcher who explained the 
study, answered any questions and asked spouses for 
consent. Caregiver spouses signed a consent form for 
both themselves and their partners while partners were 
asked for assent at each contact.  Data collection took 
place at their homes. Couples were asked to converse on 
a topic of their choice for 10 minutes while the research-
er turned on the recorder and left the room. 
Qualitative Analysis

   Although most scientific research is based on objective 
approaches, Immanuel Kant proposed that perception 
was based on more than an act of observation and be-
lieved it also entailed a subjective reality that supports 
the notion that “nature was not independent of thought 
or reason” (Streubert & Carpenter, p. 3). A vital yet most 
often forgotten side of science is the human subjectivity 
and interpretation of the world as seen through each in-
dividual lens. This study was designed to capture what is 
happening in marital relationships through the analysis 
of everyday conversations between spouses.

   Transcripts were analyzed with an inductive ap-
proach using methods developed by Potter (2004) fa-
cilitated by NVivo qualitative software. The first step 
was to read through all the transcripts looking for the 
phenomenon of interest: interactions that illuminated 
the relationship between partners. For example, state-
ments reflecting caregivers’ and spouses feelings about 
their relationship and their strategies to maintain their 
relationship through conversation were identified. As 
many examples of the phenomenon as possible were 
gathered. Narrative data before and after the state-
ments of interest were examined to provide sufficient 
context to illustrate meaning.

Data reduction. Words, phrases and statements were 
grouped by commonalities and categorized into codes. 
The two authors jointly coded a subset of the narra-
tive data by categorizing data together. Differences in 
coding were discussed until agreement was reached.  
Next, the first author (AB) independently coded all 
transcribed interviews. 

Data display. Narrative data were re-examined by both 
authors within each of the categories. Categories were 
grouped together to form themes. Direct quotations 
were selected to illustrate each of the themes. Pseud-
onyms were used to protect confidentiality.

Results
Participant Characteristics

   Caregiver participants consisted of five men and 10 
women age 55 and older with normal cognitive ability. 
Their partners’ mean score on the Mini Mental Status 
Exam (MMSE) was 16.81 (SD=7.94), indicating mod-
erate dementia. All couples were living independently 
in the community, English speaking and all but one 
was non-Hispanic White. As shown in Table 1, partici-
pants were well educated with middle income. 

Development of Themes

   Several themes emerged from the data that charac-
terized the couples’ patterns of relating. In some cou-
ples, it was obvious that they remained engaged and 
that they valued their relationship. Theme 1, Harmo-
ny in Spite of a Memory Disorder was evident in their 
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conversations. This theme was further broken down into 
two subthemes: “Loving Affection” and “Bringing up the 
Past.” Theme two, Healthy Acceptance was another exam-
ple of a theme that emerged from conversations in which 
it was evident that couples were aware of and realistic 
about the memory problem. Within this theme, two sub-
themes included “Orienting Spouse to the Situation” and 
“Giving Assurance.” For some couples, the third theme 
Discord and Contempt was evident, and its two sub-
themes ”Fighting Acceptance of Illness” and ”Bitterness 
and Frustration” provided evidence of marital problems. 
Themes and subthemes are explained and supporting 
data are provided.
Theme 1. Harmony in Spite of a Memory Disorder
   Conversations that made up this theme validated a 
strong positve relationship characterized by intimacy 
and optimism.  Caregivers chose to foster a loving rela-
tionship and maintain a healthy outlook on the situation.
Subtheme 1. Bringing up the past

   This sub-theme focused on positive reflections about 
the couples shared experiences in the past.  In this exam-
ple, the caregiver offers encouragement to the spouse by 
bringing up the care receiver’s past life. This is a gesture 
that seemed to come from the caregiver’s intention to lift 
up the spouse’s spirits.

Caregiver: I just told them you’re happy all the 
time. I never met anyone who is as happy as you! 
You were born happy. You had a good life, had a 
marvelous childhood, marvelous education, and 
you had a family that was delightful!

Subtheme 2. Loving affection

   Conversations that exemplified this sub-theme were 
present-focused and contained evidence of the affec-
tion they had for one another. In the following inter-
action, the care receiver is concerned about being a 
burden, and the caregiver assures that no matter what 
happens, the spouse will always be loved and cherished. 

Caregiver: I don’t care if you answer the ques-
tion or not.
Care receiver: Well, sometimes I do and some-
times I don’t. 
Caregiver: If you don’t answer, it does not affect 
me. It doesn’t make me unhappy that you don’t. 
As far as I’m concerned, you always get 100.
Care receiver: (Laugh)
Caregiver: More than 100, you’ll stay that way.
Care receiver: I guess the main thing for me is 
that I want you to be happy with me.
Caregiver: I’m always happy with you. That’s 
why I say I’m happy with you whether you an-
swer a question or you don’t answer a question. 
(Laughter from both.)

Theme 2. Healthy Acceptance

  This theme could be described as being aware of the 
memory problem yet having a determination to pursue 
the best quality of life possible despite the problems. 
This awareness could be in the caregiver, the spouse or 
both. Awareness allowed them to engage in honest dis-
cussions about their situation.
Subtheme 1. Giving assurance

   In this subtheme, caregiver demonstrates optimism 

Sample Characteristics
Caregivers Spouses
N % N %

Males 5.0 16.0 10.0 36.7
Females 10.0

M (SD)
36.7 5.0

M (SD)
16.7

Mean Age 77.38 (9.64) 80.31 (7.03)
Years of Education 15.3   (1.84) 14.06 (2.3)
Years in Caregiver Role 3.99   (1.84)
Years Married 46.49 Range 17-60

Table 1
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and acceptance of the spouse. The interaction included 
caregivers reaching out to comfort spouses with sooth-
ing statements. The statements seem to minimize what is 
wrong. Caregivers assure the spouse that they still have 
a loving relationship and many things to be grateful for.

Care receiver: I just think I’m making too much 
of a big thing about my problem.
Caregiver: No you’re not, no you’re not.
Care receiver: No?
Caregiver: No you’re not. Just relax with it. Ev-
erybody’s got some problem. 
Caregiver: Yeah, and we still have quality of life, 
we do things, we love each other, we have many 
friends...We believe that our children and grand-
children care about us. It’s a beautiful day. You 
can see that the sky is clear...And there are so 
many blessings in spite of the frustrations we go 
through.

Subtheme 2. Orienting spouse to the situation

   In this sub-theme, caregiving spouses made efforts to 
supply missing informatiom about everyday life so that 
the spouse with the memory problem could be engaged 
in the situation as much as possible.
In this conversation, the caregiver not only gives the 
spouse assurance, but also orients the care receiver to 
the present situation, offering honesty and support.

Care receiver: There must be something that I’m 
missing and I don’t know what it is.
Caregiver: You’re missing hearing some of the 
things, and you lost some memory, that’s all. 
There’s no question your short term memory is 
not what it was. And part of it is getting older. 
That’s what I learn when I go to these support 
groups. They’re trying to find the answer, and if 
they do, fine.

Theme 3. Discord and Contempt

Unfortunately, there was evidence of marital discord in 
some couples. Conversations pointed to problems with-
in the marriage that could be current or long-standing.
Subtheme 1. Fighting acceptance of illness

   In this sub-theme either the caregiver or the spouse 
with a memory problem evidenced lack of understand-
ing of the memory problem. It was not possible to judge 

whether this was due to lack of information about 
memory disorders, negative attitudes or both.
   In the following conversation, the caregiver expressed 
frustration with the spouse’s longstanding style of re-
lating. Changes in communication are attributed to 
”the way you are” rather than symptoms of the memo-
ry disorder.

Caregiver: And it’s not just the Alzheimer’s 
problem, it’s part of your personality I feel be-
cause you never put yourself out in the begin-
ning so I don’t feel that you can really blame it 
all on your sickness now...But that’s the way you 
always were. You always withdrew from a lot 
of stuff because you didn’t want to get involved.

Subtheme 2. Bitterness and frustration

   Emotional distress in the form of anger, irritation, 
or frustration was the subject of this sub-theme. The 
following conversation reveals the bitter feelings that 
the caregiver holds against the spouse’s past actions in 
a certain situation. The caregiver’s attitudes about the 
relationship are expressed in the midst of the illness, 
and the care receiver’s frustrated reaction toward this 
bitter approach is observed.

Caregiver: Do we still have to continue this? 
Two more minutes, okay, my god. I don’t know 
what to say anymore. 
Care receiver: You’re insisting on one thing 
and...
Caregiver: You’re insisting on another thing. 
That’s the story of my life. It’s always been that 
way.
Care receiver: Poor thing. You really got this 
whole thing I created.
Caregiver: Excuse me, I really don’t even want 
to hear it.
Care receiver: Of course you don’t want to hear 
that.
Caregiver: Okay, you know, if you want to hear 
exactly how I feel..
Care receiver: Nothing to do about it.
Caregiver: If you ever asked me how I felt when 
I had my breast cancer. When I had my...
Care receiver: I was with you.
Caregiver: Oh yeah.
Care receiver: I was with you. I was with you 
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the first time.
Caregiver: Yeah, yeah. You were with me. You 
know, being with me physically is one thing.
Care receiver: What am I supposed to do? I’m not 
the doctor. I can’t go and fix it.
Caregiver: I didn’t ask you to fix it.
Care receiver: The first time, I was there all the 
time.

Discussion

   The primary objective of this research was to analyze 
the communication between individuals with AD and 
their spouses who were also their caregivers. This study 
adds to the literature because it focuses on analyzing 
conversations and relationships in action rather than an-
alyzing interviews conducted with caregivers or persons 
with AD alone. Rather than viewing the relationship as 
told by the participants, we analyzed the conversations. 
We found three overall themes: Harmony in Spite of a 
Memory Disorder, Healthy Acceptance and Discord and 
Contempt. Each of the themes contained subthemes. 
Discord and Contempt contained subthemes of “Fight-
ing Acceptance of the Illness” and “Bitterness and Frus-
tration.” The theme Healthy Acceptance included the two 
subthemes “Giving Assurance” and “Orienting Spouse 
to the Situation.” The theme Harmony in Spite of a Mem-
ory Disorder included the subthemes of “Bringing up the 
Past” and “Loving Affection.” We compared our results to 
other studies of couples affected by a memory disorder, 
but it was somewhat difficult to compare findings since 
previous researchers focused on participants’ reflections 
about their relationship rather than analyzing conver-
sations between partners. Davies (2011) found only 
positive themes in couples’ reflections about their rela-
tionships, including Resilience and Reciprocity (Davies, 
2011, p.227-228). These findings may have differed from 
ours because the couples in Davies’ study could have 
concealed any discord in the interviews. Daniels, Lam-
son, and Hodgson (2007) reported very general themes 
such as Life Evaluation (Daniels, Lamson, & Hodgson, 
2007, p. 173) that did not convey the emotional richness 
found in our results. In a longitudinal study, Hellstrom, 
Nolan, and Lundh (2007) reported general themes from 
interviews as well. They noted a change from a sense of 
Togetherness to Moving on (Hellstrom, Nolan, & Lundh, 
2007, p. 403). Their theme of Moving on may have some 

similarity to our theme Discord and Contempt with 
subthemes such as “Bitterness and Frustration.”  With 
the negative emotions we found, it is possible that some 
participants might begin a process of Moving on to cre-
ate emotional distance. 
   The results of the study revealed several themes 
presented in conversations between the couples. The 
knowledge gained contributes to nursing knowledge 
and allows nurses to be better equipped to educate 
patients and their spousal caregivers about the impor-
tance of communication in maintaining quality of life. 
Research still needs to be done to add to the literature, 
especially regarding the long term outcomes of incor-
porating therapeutic communication in these rela-
tionships. A longitudinal study analyzing the effects of 
these therapeutic communication strategies may serve 
to change how we approach communication during 
interactions with those experiencing AD.  The caregiv-
ers in this study were mostly women from one ethnic 
group, non-Hispanic, Caucasian. Future studies could 
include comparisons by gender and ethnic groups.

Conclusion

   By studying conversational themes between spouses 
experiencing AD nurses can begin to devise strategies 
to help.  With a greater awareness of what is typical, 
nurses can teach caregivers what to expect. With an-
ticipatory guidance, caregivers are more likely to ap-
proach their conversations with more confidence and 
tact. The primary goal of this line of research is to im-
prove quality of life for couples experiencing AD and 
increase their satisfaction with their marital relation-
ship. Education and implementing change in commu-
nication strategies is a step that leads us closer to this 
goal. 
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Atlantic University in May of 2012.  Anhar works part time at Engenuity Group, Inc. and is learning how 
to apply Geographic Information System (GIS) skills to engineering - related tasks. In the future, she 
wishes to finish her master’s degree in Civil Engineering and become a Geotechnical Engineer.
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FAURJ

A Registered Student Organization at FAU®

 The Florida Atlantic Undergraduate Research Journal (FAURJ) was established 
through the Council for Scholarship and Inquiry, a registered student organization at 
FAU. The FAURJ publishes two editions of each volume- one in the spring and one in the 
fall. The issue in which a manuscript is published is dependent on the amount of time it 
takes our volunteer reviewers to review the manuscript. FAURJ is a part of the Distinc-
tion through Discovery initiative formerly known as the Quality Enhancement Plan, and 
intends to expand the culture of undergraduate research and inquiry at FAU. 
 
 Please follow the QR code below to the Office of Undergraduate Research and In-
quiry for more information. 
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