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Education of Mathematically Talented Students in Hungary 

Julianna Connelly Stockton 
Sacred Heart University 

Hungary is famous for its production of large numbers of highly talented mathematicians and physicists. This 
study explores the Hungarian system for educating mathematically talented secondary school students with the 
goal of identifying successful features that may be applicable to education in the United States. Highlights of 
the Hungarian approach include an emphasis on problem solving, problem posing, detailed explanation or 
proof for solutions, and development of mathematical creativity through the search for multiple solution paths. 

Introduction 

Pál Erdős, Lipót Fejér, László Lovász, John von 
Neumann, George Pólya, Lajos Pósa, Eugene Wigner—are 
just a few of the many notable Hungarian mathematicians 
of the 20th century. In fact, Hungary has been cited as 
producing the “largest per capita number of 
mathematicians and physicists during the first half of the 
20th century” (Vogeli, 1997, p. 11). One of the hallmarks 
of the Hungarian mathematics education system is the 
formation of special mathematics schools for exceptionally 
talented students. The origin of similar mathematics and 
science magnet schools in the United States and Russia has 
been traced back to the first special schools for 
mathematics in Budapest that were founded in the early 
part of the 20th century (Vogeli, 1997; Wieschenberg, 
1984). Visits to schools such as Fazekas Gimnazium in 
Budapest reveal that these special schools are models of 
teaching mathematically gifted students in an environment 
focused on enrichment, creative problem solving, and 
rigorous mathematical discussion. Hungary’s success on 
TIMSS, PISA, and other IEA studies has highlighted the 
value of learning from their mathematics education 
system: 

From a participation perspective, the Hungarians 
have it both ways. Not only do they provide 
advanced mathematical experience to a large 
percentage of the cohort, and thereby increase 
dramatically the sum of mathematical knowledge 
in the culture, but they also do it without 
sacrificing the talents of their most capable 
students. As a model for both providing 
opportunity and creating a pool of talent, 
Hungary’s bears scrutiny. (Kifer, 1989, p. 69) 

Methodology 

This paper summarizes reflections from a larger study 
(Connelly, 2010) based on data collected from primary 
source documents and in-depth interviews with current 
leaders in the Hungarian mathematics education system. 

Historical background information was gathered from 
ministry of education publications, mathematical and 
pedagogical professional journals, and earlier dissertations 
in the field. Examining textbooks and school entrance and 
leaving exams helped identify changes in the nature and 
level of mathematics and standards expected of Hungarian 
secondary school students. Individual school, camp, 
competition, and journal websites also provided 
information about their programs and offerings for 
mathematically talented students. 

Interview subjects (referred to here as respondents 
A-H) were chosen based on their years of experience, 
knowledge of the system for mathematically talented 
students, and level of involvement with shaping these 
programs for the future. Interview participants included 
secondary school teachers from some of the special 
mathematics high schools in Budapest (many of whom had 
also been students in a special mathematics class 
themselves), as well as some mathematicians and 
professors who were members of the very first special 
mathematics class in Hungary. In addition to the eight full 
interviews conducted, personal communications took place 
with thirteen other teachers, mathematicians, and graduate 
students throughout the research process. These 
individuals will be referred to as respondents I-U. It is 
hoped that by combining a variety of objective sources 
such as exams and textbooks with the personal 
commentary from the interviews, the study will be able to 
paint a more full picture of the Hungarian mathematics 
education system for gifted students and how it compares 
to prevailing trends in the United States. 

Giftedness in Cultural Context 

In general, some form of special education for talented 
students is something that Hungary and the United States 
have in common while few other dimensions are similar. It 
is also a relatively unique dimension—many countries 
have no provisions for educating gifted students. Often 
these differences stem from a country’s political and 
cultural history or from an underlying difference in the 
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conception of giftedness (Hernández de Hahn, 2000; 
Phillipson & McCann, 2007). In the United States and 
Canada, for example, it is commonly believed that 
differences in student achievement are the result of 
“natural endowments,” whereas in many Asian countries 
the common belief is that differences in ability are the 
result of hard work and effort (Moon & Rosselli, 2000). 

Conceptions of giftedness and the designs of gifted 
education programs also are strongly influenced by local 
political processes. In a democratic political system such 
as in the United States, there are alternating pushes toward 
excellence and egalitarianism (Tannenbaum, 2000). On the 
one hand, we pride ourselves on being a “land of 
opportunity,” where anyone can “pull themselves up by 
their bootstraps” and achieve success regardless of race, 
gender, or socio-economic status. This point of view 
rewards those with exceptional talent and seeks to provide 
them with opportunities to maximize that talent. On the 
other hand, the country was founded on the fundamental 
principle that “all men are created equal,” and our origins 
are as a nation that overthrew a system of government with 
a ruling aristocratic class. We have been wary of allowing 
a new elite class to develop (Gallagher, 1979). In terms of 
gifted education, this means that during “placid” times, 
gifted programs are viewed as “undemocratic,” elitist, and 
unfair allocations of resources (Gallagher, 1979, p. 3). 
During times like the Sputnik era, on the other hand, there 
has been a marked increase in public and governmental 
support for gifted education, specifically in science and 
mathematics. At that point in time, mathematically talented 
students came to be viewed as a national resource, and 
their appropriate and successful education became a 
national responsibility. 

On the surface, it seems that socialism would call for 
equal education for all students—no special provisions, no 
developing an “intelligentsia” that is separate from the 
working class. However, according to Swetz (1978), the 
development of separate programs for talented students 
was actually a very common phenomenon; most socialist 
countries appear to have embraced the concept of 
giftedness as a national resource and the idea that talented 
individuals should be encouraged in their interests and 
given a strong educational foundation so that they can go 
on to use their talents for the good of their country. As 
explained by a Hungarian Ministry of Education official in 
1968, “it is an important social and personal interest to 
educate pupils who have a special inclination to a subject 
or a branch of sciences. It is an important task of the 
socialist pedagogy and school policy to educate highly 
talented pupils. This task is served by the specialized 
classes” (Buti, 1968, p. 151). This mentality echoes the 
U.S. educational system’s response to Sputnik and the 
need for qualified engineers and scientists in order for the 
U.S. to be competitive in the space race during the Cold 
War. Indeed, much of the increased development of gifted 
programs in the post-Sputnik era was focused specifically 

on improving mathematics and science training for 
talented students (Tannenbaum, 2000). A similar trend 
developed in Hungary, placing a particular emphasis on 
developing talent in mathematics as a national resource, 
and success in international mathematics competitions 
became a source of national pride. 

Special Mathematics Secondary Schools 

While competitions and extracurricular activities for 
mathematically talented students had existed in Hungary 
since the turn of the 20th century, the advent of the Cold 
War led to the development of a new type of program 
within the school system: specialized tracks in 
mathematics at select secondary schools around the 
country. The first such class was founded at Fazekas 
Gimnazium in Budapest in 1962, and there are now 11 
such schools around the country. At each of the four 
special mathematics schools in Budapest, the special 
mathematics class currently consists of approximately 
thirty students, typically split into two groups. At some 
schools, these groups are divided arbitrarily (e.g., 
alphabetically by last name), but at others they are divided 
by ability: “strong and even stronger” (A, personal 
communication, 2009). Unlike the high school system in 
the United States, where students have a different teacher 
in a different mathematical subject each year (e.g., Algebra 
in 9th grade, Geometry in 10th grade, Algebra 
II/Trigonometry in 11th grade, and PreCalculus in 12th 
grade), in Hungary the mathematics teachers stay with the 
same group of students throughout their secondary school 
career.1 Each class has a pair of mathematics teachers, one 
of whom is the head teacher for that class, teaching 65-
80% of the mathematics lessons each week. The other 
teacher is then responsible for the remaining two or three 
lessons. The two teachers work together to determine 
pacing and divide up the topics each will cover (A, E, I, 
personal communication, 2009). 

Each of the schools offering a special mathematics 
class has other tracks as well. These can include 
specialization in humanities, foreign languages, natural 
sciences, chemistry, or a general track. In comparison, 
most of the specialized mathematics and science magnet 
schools in the U.S. are in fact entire schools, not just single 
classes—see Applbaum (1958), Gallagher (1979), Green 
(1993), and Vogeli (1997) for more detailed description of 
the various American schools and their historical 
development. In these schools, students typically have the 
opportunity to take mathematics and science courses that 
are more advanced or outside the standard secondary 
school curriculum, but may not be required to follow any 
                                                           
 
1 Now that the special mathematics classes are offered from grade 7 
to grade 12, the students typically have one pair of teachers for the 
first two years, and another pair of teachers for grades 9-12. 
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particular track. While the U.S. magnet school system may 
serve a greater proportion of students than the Hungarian 
special mathematics classes, the level of specialization in a 
single subject does not appear to be as high. 

Interestingly, in Hungary there is no distinction 
between separate mathematical subjects—each year, 
students are enrolled in “Mathematics” and the teacher has 
control over when and how various topics are covered. 
This is very different from the traditional U.S. 
mathematics track, where students step through a sequence 
of distinct courses. One interviewee explained the benefits 
of the Hungarian approach in developing a richer 
understanding of mathematics as a whole: 

We have no [separate] courses—mathematics is 
mathematics. Just one mathematics. For me it 
would be… of course I can imagine myself like in 
the university I teach Algebra only… but here 
especially in high school, you are so free to put 
things together and show students the relations 
between certain aspects of mathematics. It’s a false 
image of mathematics, a working mathematician is 
of course a specialist working in a field, but as a 
cultural heritage you cannot split mathematics 
into sequential, distinct courses. (E, personal 
communication, 2009) 

The fluidity of topics combined with the fact that a teacher 
stays with a single group of students for at least four years 
means that teachers have the ability to determine the 
structure of the mathematics curricula within those four 
years. As one teacher explained, “you can design the arc, 
how you build mathematics. That’s beautiful. It gives you 
a lot of freedom, and that’s very good” (A, personal 
communication, 2009). 

In keeping with the traditional model, current special 
mathematics classes continue to cover material beyond the 
normal curriculum and cover standard topics more in 
depth, rather than speeding ahead to college-level 
mathematics. As László Lovász recalls from his own and 
his son’s experiences in the special mathematics class at 
Fazekas as compared to their time in the United States, 
“[in Hungary] there was no great pressure to run ahead, 
and try to accomplish, say, half the undergraduate 
curriculum; that was not the goal. The goal was to learn 
what mathematics was about and to become good in 
problem solving” (in Webster, 2008). According to 
interviewed teachers, one of their pedagogical priorities is 
to help students feel the excitement of discovery in 
mathematics (E, H, personal communication, 2009). This 
is often accomplished through the use of interesting and 
challenging problems as a way to explore the material, 
rather than a standard lecture format.  

Special math students could just be mesmerized 
by giving them problems and actually getting 
together questions that are so far unanswered. It’s 
really inspiring for them. That’s the point when 

they really understand that mathematics is an 
open discipline. And they realize that even with 
basic knowledge and basic tools you can get to a 
point in mathematics where you are actually the 
creator. According to my experience, this is one 
of the most inspiring tools. (C, personal 
communication, 2009) 

Although some textbooks have been published for the 
special mathematics classes, they appear to be almost 
never used, and the small size of the prospective audience 
limits prospects for new editions. Rather than being 
organized by grade-level as standard textbooks are written, 
the special mathematics books are a collection of small 
volumes on particular fields of mathematics, including 
Analysis I, Analysis II, Computer Science, Geometry, 
Logic, Vectors and Coordinate Geometry. They do not 
cover the entire curriculum, serving more as supplemental 
or optional material (A, personal communication, 2009). 
More commonly, teachers use an “exercise book”—a 
collection of problems, with no topical explanations or 
descriptions—and also incorporate problems gathered 
from past competitions, mathematical journals, or other 
Hungarian problem books. There is a long tradition in 
Hungary of teaching problem solving (Pólya, 1988) and 
problem posing, both in competitions and in the classroom. 
Multiple teachers interviewed described their pedagogical 
approach as primarily consisting of problem selection; in 
particular, crafting sequences of problems that lead 
students through the subject step-by-step. Lajos Pósa, 
member of the first special mathematics class and known 
throughout Hungary for his development of a series of 
camps for talented students, described how he selects 
problems when working with different types of students:  

There is also a big difference in how to bring the 
discovery approach to different types of students, 
such as in how to choose the problems. The 
method involves building a staircase to the goal, 
and with regular kids you need smaller, more 
frequent steps whereas with talented students the 
steps can be a little further apart/steeper. (Pósa, 
personal communication, 2009) 

As another teacher explained, his goal in problem posing is 
to “make them think. And then let them think” (A, personal 
communication, 2009). The additional hours per week that 
students spend on mathematics allow for this level of in-
depth exploration and discussion of problems, while still 
covering the standard, required curricular material. 
Students spend time working through a problem 
individually or in small groups, and then discuss the results 
as a class. The emphasis on problem solving also has led to 
an increased focus on proof writing, as students are 
required to explain the reasoning behind their own 
discoveries rather than having the result taught to them 
directly (H, personal communication, 2009).  
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Assessment consists of a combination of written and 
oral exams. During class discussions students frequently 
are prompted to explain their reasoning or are asked to 
come to the board and write out their steps for the rest of 
the class to see (I, personal communication, 2009). In 
many of the classes observed, the teacher repeatedly asked, 
“Did anyone get a different solution?” or “Did anyone 
solve it a different way?” rather than stopping after one 
solution, or only showing the standard algorithm. This 
approach emphasizes the connections between different 
areas of mathematics and encourages the development of 
mathematical creativity. Mathematical creativity is further 
encouraged by the rewarding of “clever failures,” as 
Wieczerkowski et al. (2000) suggested—even students 
who make a mistake in their solution are often 
congratulated for the progress they did make and for how 
their approach contributes to the richness of the whole 
class’s discussion (E, personal communication, 2009). 
Other students will then be asked to find a counterexample 
or a flaw in the proof, or if multiple solutions were 
presented, the class may discuss which method they prefer 
and what are the mathematical merits of each approach. 
Another interviewee encourages students who have 
already solved the problem to give a mathematical hint to 
the rest of the class, or to ask “the next question” and 
attempt to generalize their solution (H, personal 
communication, 2009). This emphasis on problem solving, 
discussing multiple paths to a solution, and problem posing 
reinforces Hungary’s long-standing tradition of 
mathematics competitions. 

Extracurricular Programs 

One of the most famous mathematics competitions in 
Hungary, the Eötvös Competition, is considered “the first 
mathematical Olympiad of the modern world” (Koichu & 
Andzans, 2009, p. 287). Founded in 1894, it was designed 
for students who had just graduated from secondary 
school. The competition consisted of three questions based 
on the mathematics of the secondary school curriculum. 
The competition was designed to test problem-solving 
ability and mathematical creativity more than sheer 
knowledge. As one winner of the prize explained, “the 
problems are selected, however, in such a way that 
practically nothing, save one’s own brains, can be of any 
help … the prize is not intended for the good boy; it is 
intended for the future creative mathematician” (Rado, as 
quoted in Wieschenberg, 1984, p. 32). Again, the emphasis 
is more on creativity and explanation of one’s reasoning 
than it is on demonstration of factual knowledge the way 
many assessments in the United States are set up.  

The prominence of the Eötvös competition soon led to 
the development of a wide variety of supporting activities 
designed to help prepare students for the competition, 
including the publication of new types of problems each 

month in the journal KöMaL, the initiation of KöMaL’s 
own year-long competition, and the formation of after-
school “study circles” for interested students to spend 
additional time working on problems and practicing for the 
competition. Later, more competitions were founded at the 
school, local, regional, national, and international levels, 
with local competitions often serving as “feeders” into the 
larger, nation-wide competitions. When the first special 
mathematics class was founded in 1962, students were 
invited to the class on the basis of their results in a local 
Budapest competition. In this sense, the traditional 
Hungarian system for educating mathematically talented 
students could be considered “competition-driven.” 
Competitions were used to determine the input to the 
system; they drove the development of the content of the 
system both in the school curriculum and in supporting 
extracurricular activities. They were used to measure the 
output of the system and to rank students, teachers, and 
schools according to their competition results. The 
Hungarian approach served as a model for many other 
countries in Eastern and Central Europe, the former Soviet 
Union, and the United States (Koichu & Andzans, 2009, p. 
289).  

One competition is considered in a separate category 
from all the rest. It emphasizes careful thinking and 
stamina over speed, lasting an entire school year rather 
than a few hours. This is the competition run by the journal 
KöMaL, which publishes problems each month to which 
students submit solutions and accrue points over the course 
of the year. The KöMaL journal and competition have 
played a significant role in the development of 
mathematically talented students in Hungary over the past 
century, in no small part because of the prominence of 
previous winners: 

This can be stated for sure: Almost everyone who 
became a famous or nearly famous mathematician 
in Hungary, when he or she was a student, they 
took part in this contest. I actually personally do 
not know anyone among them who would be a 
counterexample to that statement. (Peter Hermann, 
KöMaL editor, in Webster, 2008) 

As Csapo (1991) pointed out in Math Achievement in 
Cultural Context: The Case of Hungary, the expectation of 
success based on previous success has created a kind of 
self-fulfilling prophecy in Hungarian mathematics 
education. In other words, the tradition of excellence 
breeds excellence. In the online introduction for C2K: 
Century 2 of KöMaL (1999), one of KöMaL’s special 
English-language issues, the editor shares a particularly 
appropriate story about the value of tradition:  

There is a joke about an American visitor, who, 
wondering about the fabulous lawn of an English 
mason, asks the gardener about the secret of this 
miracle. The gardener modestly reveals that all 
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that has to be done is daily sprinkling and 
mowing once a week.  
–  So very simple? 
–  Yes. And after four hundred years you may 
have this grass. (Berzsenyi) 

In fact, the story of the English gardener reflects not just 
the more than 100-year heritage of KöMaL, but also the 
value of engaging in mathematics on a regular, sustained 
basis, which is one of the key features of the KöMaL 
competition. The long duration and continuous effort 
required make the KöMaL competition quite different 
from other national and international competitions, and 
also make it one of the cornerstones of Hungary’s 
approach to encouraging and identifying mathematically 
talented students. 

Conclusions 

A tradition of excellence in mathematics in Hungary 
may be one of the driving forces behind Hungarian 
students’ continued success today, but it is not the only 
factor. Hungary also presents a good example of the 
impact individual mathematicians and educators can have 
on entire generations of future mathematicians, from Lipot 
Fejér in the beginning of the 20th century to Lajos Pósa in 
the past two decades. This individualized aspect of the 
Hungarian system could be hard to duplicate in a system as 
widespread as that in the United States. It may be possible, 
however, to introduce some of the Hungarian innovations 
on a smaller scale. One school district or state may be able 
to reproduce an environment very much like that in 
Hungary, since they have local control over establishment 
of special schools, choice of curricula, etc. 

Although Hungarian teachers cite cultural tradition 
rather than educational theory as the motivation and basis 
for their approach, the special mathematics classes and 
wide range of extracurricular activities provide numerous 
examples of problem posing, as suggested by Kilpatrick 
(1987) and Silver (1997), and support the mathematical 
creativity research conducted by Sriraman (2008a, 2008b). 
Just as Sriraman (2008a) suggested, students are able to 
develop their mathematical creativity when they are given 
“non-routine problems with complexity and structure, that 
require not only motivation and persistence but also 
considerable reflection” (p. 27). Further analysis of the 
problem sequences designed by some of Hungary’s top 
mathematics teachers could help introduce American 
teachers to this discovery-based approach. Efforts are 
ongoing to translate more of the problems into English to 
make them a more accessible resource for teachers and 
students around the world. 

All of these pedagogical techniques reflect the 
Hungarian tradition of teaching students how to “think like 
a mathematician” rather than just perform calculations, 

epitomizing the distinction Wieczerkowski et al. (2000) 
made between “qualitative” versus “quantitative” 
approaches to mathematics education. This “qualitative” 
approach is also reflected in the structure of exams and 
competitions—in Hungary, multiple choice exams are 
extremely rare, and detailed proofs or written explanations 
are required instead. An emphasis on problem solving and 
development of mathematical creativity as opposed to just 
acceleration through the standard curriculum are hallmarks 
of the Hungarian mathematics education system for 
talented students. This likely contributes to Hungary’s 
output of so many productive mathematicians and suggests 
a model that programs for talented students in the United 
States could follow as well. 

References 

Applbaum, M. (1958). A survey of special provisions of 
the education of academically superior students in the 
United States. Ed.D. dissertation, Teachers College 
Columbia University. Retrieved from http://pocket 
knowledge.tc.columbia.edu/home.php/viewfile/10415 

Berzsenyi, B., & Olah, V. (Eds.). (1999). C2K: Century 2 
of KöMal. Budapest: Roland Eötvös Physical Society. 

Buti, E. (1968). Public education in the Hungarian People’s 
Republic. Budapest, Hungary: Tankönyvkiadó. 

Connelly, J. (2010). A tradition of excellence transitions to 
the 21st century: Hungarian mathematics education, 
1988–2008. Unpublished doctoral dissertation, 
Columbia University. 

Csapó, B. (1991). Math achievement in cultural context: 
The case of Hungary. Paper presented at 11th biennial 
meetings of International Society for the Study of 
Behavioral Development. Minneapolis, MN: 
Symposium on Culture and Mathematics Learning. 

Gallagher, J. (1979). The education of gifted and talented 
students: A history and prospectus. Washington: 
Council for Basic Education. 

Green, J. (1993). State academies for the academically 
gifted. Bloomington, IN: Phi Delta Kappa Educational 
Foundation. 

Hernández de Hahn, E. L. (2000). Cross-cultural studies in 
gifted education. In K. Heller, F. Mönks, R. Sternberg, 
& R. Subotnik (Eds.), International handbook of 
giftedness and talent (pp. 549–561). Oxford, UK: 
Elsevier Science Ltd. 

Kifer, E. (1989). What IEA studies say about curriculum 
and school organization. In A. Purves (Ed.), 
International comparisons and educational reform. 
Alexandria, VA: Association for Supervision and 
Curriculum Development. 

Kilpatrick, J. (1987). Problem formulating: Where do good 
problems come from? In A.H. Schoenfeld (Ed.), 
Cognitive science and mathematics education 
(pp. 123–147). Hillsdale, NJ: Erlbaum 



STOCKTON 

6 

Koichu, B., & Andzans, A. (2009). Mathematical 
creativity and giftedness in out-of-school activities. In 
R. Leikin, A. Berman, & B. Koichu (Eds.), Creativity 
in mathematics and the education of gifted students 
(pp. 285–307). Rotterdam, The Netherlands: Sense 
Publishers. 

Moon, S. M., & Rosseli, H. C. (2000). Developing gifted 
programs. In K. Heller, F. Mönks, R. Sternberg, & 
R. Subotnik (Eds.), International handbook of 
giftedness and talent (pp. 499–522). Oxford, UK: 
Elsevier Science Ltd. 

Phillipson, S. N., & McCann, M. (Eds.). (2007). 
Conceptions of giftedness: Sociocultural perspectives. 
Mahwah, NJ: Erlbaum. 

Pólya, G. (1988). How to solve it. New Jersey: Princeton 
University Press. 

Silver, E. (1997). Fostering creativity through instruction 
rich in mathematical problem solving and problem 
posing. ZDM, 3, 75–80. 

Sriraman, B. (2008a). The characteristics of mathematical 
creativity. In B. Sriraman (Ed.), Creativity, giftedness, 
and talent development in mathematics (pp. 1–31). 
Charlotte, NC: Information Age Publishing, Inc. & 
The Montana Council of Teachers of Mathematics.  

Sriraman, B. (2008b). Mathematical giftedness, problem 
solving and the ability to formulate generalizations. In 
B. Sriraman (Ed.), Creativity, giftedness, and talent 
development in mathematics (pp. 33–60). Charlotte, 
NC: Information Age Publishing, Inc. & The Montana 
Council of Teachers of Mathematics. 

Swetz, F. (1978). Socialist mathematics education. 
Southampton, PA: Burgundy Press. 

Tannenbaum, A. J. (2000). A history of giftedness in 
school and society. In K. Heller, F. Mönks, R. 
Sternberg, & R. Subotnik (Eds.), International 
handbook of giftedness and talent (pp. 23–53). 
Oxford, UK: Elsevier Science Ltd. 

Vogeli, B. (1997). Special secondary schools for the 
mathematically and scientifically talented: An 
international panorama. New York: Teachers College 
Columbia University. 

Webster, C. (Producer). (2008). Math documentary 
[Documentary film]. Budapest, Hungary. 

Wieczerkowski, W., Cropley, A. J., & Prado, T. M. 
(2000). Nurturing talents/gifts in mathematics. In K. 
Heller, F. Mönks, R. Sternberg, & R. Subotnik (Eds.), 
International handbook of giftedness and talent 
(pp. 413–425). Oxford, UK: Elsevier Science Ltd. 

Wieschenberg, A. A. (1984). Identification and development 
of the mathematically talented: The Hungarian 
experience. Unpublished doctoral dissertation, 
Columbia University. 


	Introduction
	Inside Cover
	Article 1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




