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elcome to the first volume of the Univer-

ear Colleagues:  We are delighted to introduce

F R O M  T H E  V I C E  P R E S I D E N T
     AND PROVOSTsity of Texas at Austin Undergraduate

Research Journal. The idea for this multi-

disciplinary journal was born as part of a discussion in

the Cabinet of College Councils, the UT Academic

Senate, Research and Grants Committee. The purpose

of the committee is to find ways to expand interest

and access to undergraduate research activity at UT.

We immediately became enamored with the idea of an

undergraduate research journal because of its ability

to be a vehicle for increasing interest in undergraduate

research as well as its ability to be a medium for

communicating the outstanding work of undergraduate

students at the university.

 In this first issue, you will find research articles

from many disciplines found across our diverse cam-

pus. Each article was researched by undergraduate stu-

dents and written with the purpose of being accessible

to the entire university community. We hope that

through these articles, you and all the members of the

UT community will gain a greater understanding and

appreciation of undergraduate work.

If you would like to contribute to future issues of

the University of Texas at Austin Undergraduate Re-

search Journal, we invite you to submit an article for

our next issue or to become a member of our staff.

Please visit our website at www.utexas.edu/research/re-

sources/urj for more information.

We hope that you enjoy the rich and diverse stu-

dent written and researched articles from across this

great university. We now invite you to explore the ar-

ticles within these pages and to discover new ideas and

insights into our world.

Sincerely,

Jerry Sun,       Sarah Tierney,

Co-Editor       Co-Editor

D the first student publication of undergraduate

research at The University of Texas at Austin.

This volume represents the broad range of scholarly

work being done by our students and the excellent results

being produced on our campus and in fieldwork

throughout the world. The Cabinet of College Councils

has provided a valuable service to our academic

community by selecting some of the finest student

efforts and publishing the work so that others may

benefit from it.

In 1995 the Carnegie Foundation for the Advance-

ment of Teaching created the National Commission

on Educating Undergraduates in the Research Univer-

sity, often called the Boyer Commission after its initial

presiding member, the late Ernest L. Boyer. Their land-

mark report proposes ten ways to change undergradu-

ate education. Their first recommendation calls for

strengthening student involvement in research, begin-

ning at the earliest levels in the college experience. This

publication is a clear indication that our University has

already made major strides toward accomplishing the

goals of the Commission.

On behalf of our faculty and administration, we

congratulate the students who conducted the research

reported here and the members of the Cabinet of Col-

lege Councils whose hard work and dedication have

brought this publication from an idea to a finished

product. We look forward to expanding opportunities

for undergraduate research and continued recognition

of the students and their results.

Sincerely,

James W. Vick,     Sheldon Ekland-Olson,

Vice President     Provost
of Student Affairs
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mperfect information is a large source of friction in the eco-

nomic markets of today. Imperfectly informed consumers of-

ten make decisions that do not maximize their utility. For example,

consumers may avoid a new furniture store that they have never been

to because they are uncertain of its quality and price. This consumer

may choose an inferior-quality or more expensive store that they

frequently patronize because they have imperfect information (Bailey

9). The internet is just now becoming a viable alternative to this

conventional ‘bricks and mortar’ medium of commerce. It is now

possible for retailers to market and sell their goods online, and for

consumers to search and make their purchases online. In the above

example if the new furniture retailer were to enter the furniture

market through the internet channel, consumers could visit their

new store with a simple point and click. The dilemma of imperfect



information would not seem to cause such a problem

here in this example furniture market, and in that case,

all other online markets.

Is it possible that the internet could lead to better

informed consumers and producers who transact at high

levels of efficiency in a frictionless online marketplace?

Bill Gates, founder of Microsoft, gave his opinion on

the matter in his 1995 book, The Road Ahead:  “Capital-

ism, demonstrably the greatest of the constructed eco-

nomic systems, has in the past decade clearly proved its

advantages over the alternative systems. The informa-

tion highway will magnify those advantages. It will al-

low those who produce goods to see, a lot more effi-

ciently than ever before, what buyers want, and will al-

low potential consumers to buy those goods more effi-

ciently. Adam Smith would be pleased. More important,

consumers everywhere will enjoy the benefits.” (Gates)

Information technology can help consumers find in-

formation more easily, thereby reducing the problems

of imperfect information that maintains higher prices.

Consumers may now be able to make decisions that

maximize their utility because information is inexpen-

sive to find and process over the internet. These ben-

efits would result in lower transaction costs in a market

exchange (Bailey 10). Furthermore, suppliers may find

it more difficult to conceal information from their com-

petitors so that price competition is more likely.

It certainly seems reasonable to assume that the ease

of information exchange, which leads to lower search

and switching costs online, could provide for a highly

efficient, supercharged economy. This paper seeks to

find justification for this assumption, and to do this it

analyzes the book industry, both its online and conven-

tional channel retailers. In order to analyze online and

conventional market efficiency of the book industry, four

key efficiency aspects have been identified: price levels,

price elasticity, menu costs, and price dispersion.

Four Aspects of Market  EfficiencyFour Aspects of Market  EfficiencyFour Aspects of Market  EfficiencyFour Aspects of Market  EfficiencyFour Aspects of Market  Efficiency

In a perfectly efficient market the price a consumer

pays for a good is exactly equal to the marginal cost of

producing and selling that good. Because the costs of

selling a good is lower in the internet channel, due to

not operating expensive physical stores, we would ex-

pect to see lower prices on the internet versus bricks

and mortar prices. Also, the costs to enter the market

are much lower in the online channel than in the con-

ventional channel, therefore existing firms can not eas-

ily exercise market power by setting prices above mar-

ginal costs for fear a challenger may enter with a lower

price and steal their market share. This characteristic

of internet markets may also lead to lower prices online.

Still further downward pressure on internet prices should

come from the fact that lower online search and switch-

ing costs allow for better price comparison on the

internet. There are two studies which have measured

price levels in the online and conventional channels for

books. The first of these two was done on 1996 book

prices. The researcher found prices for books to actu-

ally be higher online versus bricks and mortar prices

(Bailey 83). This finding runs counter to the efficiency

theories outlined above, which predict prices to be lower

on the internet. The author attributed his findings pri-

marily to market immaturity. The second study was per-

formed on book prices from 1998-1999. The authors

found online prices for books to be 9-16% lower than

conventional outlet prices (Smith, Bailey, Brynjolfsson

3). From the data collected by this thesis, shown in Tables

1 and 2 of the Appendix, internet prices for books in

2001 were found to be, on the average, 14% lower than

the conventional outlet prices. There are two retailers

in this study who operate both an online outlet and a

conventional outlet for their books. In both cases these

two retailers charge significantly lower prices for the

same book in their online outlet versus their conven-

tional stores. This is more evidence that online prices

for books are indeed significantly lower that bricks and

mortar prices.   A downward trend in online prices for

books becomes apparent when studying the results of

these three studies. Online prices were higher in 1996,

then came down in 1998-1999, and were on the order of

14% lower in 2001. These findings would be consistent

with an argument stating that the internet has matured

and become more efficient as a medium for commerce

between the years of 1996 and 2001.

The second efficiency aspect for the book industry

Kenny Suttles
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is price elasticity. Price elasticity measures how sensitive

consumers are to changes in prices. If a small change in

the price of a good leads to a large change in consumer

demand for that good, then the consumers are said to be

highly price elastic, or price sensitive. If a large change in

price triggers a small change in consumer demand, then

the consumers are said to have low price sensitivity. Search

and switching costs are much lower in internet markets,

than in conventional markets, and therefore consumers

can easily and efficiently shop around the internet for

the best deals on the goods they wish to buy. This fact

would be expected to lead to highly price-sensitive online

consumers. But the empirical evidence to date does not

support this conclusion. A 1998 study on internet price

elasticity compared the price sensitivity of groceries sold

through conventional and electronic outlets. They found

that price sensitivity is lower among online grocery shop-

pers (Degeratu, Rangaswamy, Wu 10). This finding is con-

trary to the highly efficiency internet marketplace argu-

ment. Another study found that in 1997 internet purchases

were highly sensitive to local tax rates. In this study con-

sumers were divided into two groups, high local tax pay-

ers and low local tax payers. The consumers in this study

that were subject to high local tax rates were much more

likely to purchase their goods online, and avoid the high

taxes (Goolsbee 4).  While this study doesn’t directly test

price elasticity between internet firms, it does point to a

high degree of sensitivity between costs online and costs

in conventional outlets. The majority of the empirical

evidence on price sensitivity online is mixed so far. There-

fore, it is hard to say with any degree of certainty if internet

consumers are more or less price sensitive than their con-

ventional counterparts.

The third aspect of market efficiency is menu costs.

Menu costs are the costs incurred by the retailer when

making price changes. Retailers will only make price

changes when the benefit exceeds the cost of the change.

Therefore low menu costs allow retailers to change their

prices much more often and to stay better in line with

changes in supply and demand. It is somewhat intuitive

to see that in terms of menu costs an internet retailer is

more efficient than a bricks and mortar retailer. For ex-

ample, if the owner of a conventional grocery store

discovers an imbalance in his supply and demand and

he therefore decides to make price changes, he must

pay someone to physically re-label all of his shelves. Con-

versely, if the owner of an online grocery store wanted

to make the same price changes all she would have to do

is change some numbers in a data base of prices. This

would be much cheaper for the online retailer to do,

and would allow her to make these price changes more

frequently, and in smaller increments, meaning she could

follow changes in her supply and demand much better

than the conventional grocery retailer. All empirical evi-

dence on menu costs point to the fact that they are in-

deed lower online. A 1998 study found that internet re-

tailers make significantly more price changes than con-

ventional retailers, and concluded that menu costs on

the internet are lower (Bailey 30). A 1999 study found

internet retailers make price changes that are up to 100

times smaller than the smallest change observed in con-

ventional outlets. Therefore the cost of these changes

must be lower online (Smith, Bailey, Brynjolfsson 6).

It is natural to assume that if search and switching

costs are lower on the internet, and if consumers are

more informed of prices, then price dispersion on the

internet should be lower than in conventional outlets.

In other words, we would expect to see a small range in

prices for identical goods across different online retail-

ers. But this is actually not supported by empirical evi-

dence. A study done on online price dispersion in 1998-

1999 found that online prices for identical books dif-

fered by as much as 50%, with an average difference of

33% (Smith, Bailey, Brynjolfsson, 6). Needless to say,

these are huge price dispersions. From the data gath-

ered on 2001 prices for books, shown in tables one and

two, internet prices for identical books at different re-

tailers differ by as much as 38%, with an average differ-

ence of 20%, compared to conventional prices which

differed by an average of 2.3%. While the price disper-

sions of the online market are still high in 2001 when

compared to the conventional market, there does ap-

pear to be a downward trend. Price dispersions went

from an average of 33% in 1998-1999, down to an aver-

age of 20% in 2001. These high online price dispersion

findings are very surprising.  It is difficult to support a

Kenny Suttles
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high internet market efficiency argument in the face of

these high online price dispersions for identical books

across different internet retailers.

Sources for Online Price DispersionSources for Online Price DispersionSources for Online Price DispersionSources for Online Price DispersionSources for Online Price Dispersion

There are several possible sources for the high de-

gree of price dispersion found in the online outlet for

books. The first of these possible sources is price dis-

crimination. Price discrimination occurs when a retailer

charges different prices to different categories of con-

sumers based on their willingness to pay. If the online

book retailers were able to successfully identify differ-

ent groups of consumers and to effectively charge them

different prices, high degrees of price dispersion could

exist. The best form of price discrimination apparent in

online commerce today is one in which different conve-

nience levels are matched with different price levels, and

time sensitive consumers are discriminated against. This

is done through a “price matching” policy, by retailers

like buy.com and books.com (who was recently bought

out by BarnesandNoble.com). For example, if a customer

were to be in the closing stages of purchasing a book

through buy.com, she would be given the opportunity

to have buy.com’s central computers query a group of

competitors prices for that same book. If a better price

were to be found at a competitors web site, she would

be allowed to purchase the book at the competitors

lower price, on buy.com’s web site. On the surface it may

seem that buy.com is providing a valuable service for its

customers, but in reality this is a form of price discrimi-

nation, which is stealing away consumer surplus and turn-

ing it into producer surplus. What makes this a form of

price discrimination is that this price matching func-

tion is difficult to find and takes a significant amount of

time and effort to complete. The consumers who place

high values on their time will not engage in the price

matching, and will opt to pay the higher price. In their

minds it is not worth the 10% discount to waste ten

minutes of their time on price matching. These time

sensitive consumers are being discriminated against

through higher prices. Another possible way  for online

retailers to price discriminate against their consumers

is for them to identify which consumers are likely to

pay more for a particular product. For example, if a con-

sumer had been repeatedly purchasing mystery novels

from Amazon.com and wished to buy another one from

Amazon.com, they may be charged a higher price for

the book than other consumers because Amazon knows

how highly this consumer values mystery novels, based

on his purchase history. In fact, Amazon.com recently

got into some hot water with their customers for doing

exactly this. A study done by Computerworld discov-

ered that Amazon.com was charging different prices to

different consumers for identical DVDs. For example,

on a September Tuesday at 2:40 p.m. a search for the

Planet of the Apes DVD on the Amazon site that

Computerworld conducted using a Netscape Web

browser turned up a quoted price of $64.99. But several

seconds later, a similar search performed with

Microsoft’s Internet Explorer browser resulted in a price

of $74.99 for the same product. Amazon responded to

the situation by saying, “We’ve learned that certain as-

pects of our site resonate with customers in different

ways, and we are continually fine-tuning our site pre-

sentation to see how these variables affect customers’

purchasing decisions….Amazon is testing the prices on

select merchandise in its DVD store for a limited time,

so different shoppers could indeed be charged different

prices for the same product” (Rosencrance).

The more information online retailers are able to

gather on their consumers, the better they will be able

to identify their propensity to pay. There are actually

retail software packages out today that allow the online

retailer to gather and sort a large amount of informa-

tion on their customers, and then to charge different

prices to different customers based on this information.

An example of a software package like this is

Broadvision’s Retail Commerce Suite. BroadVision de-

scribes this software package as “Enabling retailers to

unlock vital data that helps identify their best custom-

ers, BroadVision’s retail solution analyzes consumer buy-

ing behavior, and presents personalized, dynamic con-

tent tailored to individual customer preferences.” Soft-

ware packages like this may make it possible for online

retailers to price discriminate with very high degrees of

success in the future, which could possibly provide for
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even higher levels of online price dispersion.

High online price dispersion may also arise from

lock-in. Lock-in occurs when a retailer has found a way

to successfully convince his first time customers to be-

come repeat customers, and not to switch to other re-

tailers. The retailer may charge a price premium once

the customers are “locked in” to his web page. Lock-in

is accomplished by increasing the customer switching

costs. Customer switching costs can be increased in sev-

eral ways. First of all, the online retailer can create loy-

alty programs, in which repeat purchases are rewarded

with higher levels of discounts. This creates utility for

the customer if he stays with the same retailer, and a

switching cost if he decides to change retailers. Another

way is to store customer billing and shipping informa-

tion in order to make it more convenient for the cus-

tomer to continue using the same retailer. If the cus-

tomer wanted to switch over to a different retailer she

would have to re-enter all of her billing and shipping

information, which is a time consuming process, and a

source of switching costs. Also, the online retailer can

use the customers purchasing history to make personal

recommendations. In the example used before about the

customer who had been repeatedly buying mystery nov-

els from Amazon.com, Amazon could use that informa-

tion to personally recommend the most popular mys-

tery novels to him every time he logs on to the

Amazon.com home page. This is a source of utility for

this consumer in that he benefits from being notified of

the new, popular mystery novels. If he decides to switch

to a different online book retailer, he has a switching cost

equal to the amount of utility derived from Amazon.com’s

personal mystery novel recommendations. Once the

switching costs are leveraged against the consumers, the

retailer can then begin to charge price premiums. These

price premiums could be a source for the high levels of

price dispersion seen in the online marketplace.

The most probable source for online price disper-

sion is differences in consumer trust for, and awareness

of, online retailers. The retailers with the highest levels

of awareness and trust may be able to sustain large price

premiums. This is due to two facts: one, that consumers

will only buy from retailers that they are aware exist,

and two, that consumers will pay higher prices to retail-

ers they trust and feel comfortable with. Therefore it is

hypothesized that prices will be highest in the online

retailers that have the highest levels of trust and aware-

ness, and prices will be lowest in the online retailers that

have the lowest levels of trust and awareness. In order

to quantify retailer trust and awareness levels, survey

data was gathered. It was further hypothesized that the

correlations between trust, awareness, and price would

be strongest in groups of people who are not as com-

puter literate.  People who do not know how to use the

internet efficiently for shopping and comparing prices

online, may get stuck at the larger expensive more well

known retailers. People who have a lot of experience

with computers and the internet may have a better un-

derstanding of how to successfully compare prices

online, giving them the ability to locate the smaller, more

inexpensive retailers. To test these hypotheses survey data

on trust and awareness was gathered from two different

groups of people, college students and non-college stu-

dents. The college student group will act as a proxy for

the computer savvy group, and the non-college student

group will proxy for the less computer literate group. A

summary of the survey used, and its results can be seen in

tables three and four.

In order to see how awareness correlated to price,

the retailers in this study were ranked based on the re-

sults. For example, the retailer with the highest level of

consumer awareness was assigned a rank of 1, and the

retailer with the lowest level of consumer awareness was

assigned a rank of 7. The retailers were then assigned a

price ranking. The most expensive retailer was assigned

a price ranking of 1, and the cheapest retailer was as-

signed a price ranking of 7. The retailers were ranked on

their trust levels in the same way, a 1 signifies the most

trusted retailer, while a 7 signifies the least trusted re-

tailer. The retailers were also ranked on their size. Quar-

terly revenue was used as a proxy for size, and the com-

pany with the highest quarterly revenue was assigned a

rank of 1, while the lowest quarterly revenue company

received a rank of 7. The results of these rankings can

be seen in tables five and six. A rank correlation coeffi-

cient was used to calculate the correlation between trust
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and price, awareness and price, and quarterly revenue

and price, for both groups of people. For the college

student group, trust correlated to price with a coeffi-

cient of .643; awareness correlated to price with a coef-

ficient of .607; and quarterly revenue correlated to price

with a coefficient of .429. While these correlations are

not quite statistically significant, they do still suggest

some sort of relationship between these variables. The

same rank correlation coefficients were calculated for

the non-college student group as well, and the results

were much stronger. Trust correlated to price with a co-

efficient of .857; and awareness correlated to price with

a coefficient of .893. Both of these results are strong

enough to be significant at the 95% confidence level.

The fact that the correlations were much stronger with

the non-college student group suggests that the less com-

puter savvy online shoppers do indeed get stuck at the

more pricey internet retailers. The correlation between

quarterly revenue and price also suggests that it is the

larger companies that are charging the highest prices.

The small retailers have low levels of trust and aware-

ness, and therefore must charge low prices in order to try

and attract consumers. It is now easy to see how differ-

ent prices for the same product may arise, due to differ-

ences in consumer trust and awareness, and how this may

contribute to large levels of online price dispersions.

C o n c l u s i o nC o n c l u s i o nC o n c l u s i o nC o n c l u s i o nC o n c l u s i o n

This thesis began by analyzing the hypothesis that

the ease of information exchange on the internet will

allow it to become a highly efficient medium for com-

merce. In highly efficient markets we find a small range

in prices, which are only slightly above marginal costs.

To explore the efficiency of online commerce, four key

aspects of market efficiency were identified, price lev-

els, price elasticity, menu costs, and price dispersion.

These four efficiency dimensions were then applied to

the book industry in order to prove or disprove that the

internet is a more efficient medium for commerce than

the physical bricks and mortar outlets. Through the

book pricing data that was collected, prices were found

to be lower on the internet, when compared to the con-

ventional retailers, and falling since 1996. A review of

the relevant literature showed that price elasticity is

neither higher nor lower on the internet. The literature

also showed that menu costs are without a doubt lower

on the internet. But the pricing data gathered showed

that price dispersions are much higher in the internet

channel versus the conventional channel. The fact that

prices are much more disperse on the internet is a sig-

nificant finding, and this thesis spent its remaining time

explaining where the high online price dispersion may

arise from. It was shown that one significant source is

price discrimination. Internet retailers may have a high

ability to price discriminate, due to both the vast amount

of information they are able to gather on their consum-

ers, and to software packages like Broadvision’s Retail

Commerce Suite, which allow them to deliver personal-

ized content to different consumers based on certain

individual characteristics like purchase history and web

browser. Lock-in and shopping convenience may play

bigger roles in sustainable price premiums online than

they do in the physical markets, leading to higher levels

of price dispersion. But the most significant source of

price dispersion arises from differences in consumer

trust and awareness. It was shown that the prices retail-

ers charge correlate very strongly with their levels of

consumer trust and awareness.

The evidence is mixed on the current state of internet

commerce. It is difficult to say if it is currently more effi-

cient or not. Prices and menu costs may be lower online,

but price dispersions are higher. But it does seem pos-

sible to speculate about the future of online commerce.

Prices are continuing to fall lower, and to gravitate to

smaller and smaller ranges. Perhaps as more and more con-

sumers gain access to the internet along with the ability to

successfully shop and compare prices online, the internet

will surpass the conventional channel in efficiency, and

through near Bertrand competition come close to resem-

bling the theoretical model of perfect competition.

Kenny Suttles
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RRRRRetaietaietaietaietailerlerlerlerler #1#1#1#1#1 #2#2#2#2#2 #3#3#3#3#3 #4#4#4#4#4 #5#5#5#5#5 #6#6#6#6#6 #7#7#7#7#7 #8#8#8#8#8 #9#9#9#9#9 #10#10#10#10#10

Amazon.com $27.95 $20.00 $9.90 $11.65 $13.50 $17.10 $11.65 $6.29 $13.50 $24.00
BarnesandNoble.com $22.00 $20.00 $9.90 $11.65 $13.50 $15.20 $12.95 $6.29 $13.50 $24.00
1BookStreet.com $33.54 $17.00 $9.90 $11.66 $13.50 $16.15 $11.66 $6.29 $13.50 $25.50
Buy.com $27.95 $20.00 $10.23 $10.23 $11.85 $13.49 $10.23 $5.52 $11.85 $20.40
Borders.com $20.96 $15.00 $11.01 $11.01 $12.75 $14.25 $11.65 $5.94 $12.75 $22.50
BooksaMillion.com $27.95 $14.00 $10.36 $10.36 $12.00 $13.30 $10.36 $5.59 $12.00 $21.00
Ecampus.com $22.29 $17.67 $8.77 $10.32 $11.96 $15.15 $10.32 $6.29 $13.50 $23.92
% Price Difference= 37.5% 30% 20% 12% 12% 22% 21% 12% 12% 20%

Avg. % Price Difference= 20.0%

RRRRRetaietaietaietaietailerlerlerlerler #1#1#1#1#1 #2#2#2#2#2 #3#3#3#3#3 #4#4#4#4#4 #5#5#5#5#5 #6#6#6#6#6 #7#7#7#7#7 #8#8#8#8#8 #9#9#9#9#9 #10#10#10#10#10

Barnes and Noble $27.50 $20.00 $11.00 $12.95 $15.00 $19.00 $12.95 $6.99 $15.00 $30.00
Borders $27.95 $20.00 $11.00 $12.95 $15.00 $19.00 $12.95 $6.99 $14.00 $30.00
Book People $27.65 $20.00 $11.00 $12.95 $14.00 $19.00 $12.95 $6.99 $15.00 $27.50
B Dalton Booksellers $27.50 $20.00 $11.00 $12.95 $15.00 $19.00 $12.95 $6.99 $15.00 $30.00
% Price Difference= 2% 0% 0% 0% 7% 0% 0% 0% 7% 8%

Avg. % Price Difference= 2.33%

AmazonAmazonAmazonAmazonAmazon BNBNBNBNBN BorBorBorBorBorderderderderdersssss 1Bookstr1Bookstr1Bookstr1Bookstr1Bookstreeteeteeteeteet BuyBuyBuyBuyBuy BBBBBAMAMAMAMAM EcampusEcampusEcampusEcampusEcampus

Heard of It? 56 54 30 4 43 5 19
Visited It? 49 33 7 1 23 0 5

Bought Anything? 34 10 1 0 11 0 2

Purchase Rate= 69.4% 30.3% 14.3% 0.0% 47.8% 0.0% 40.0%

Appendix:  Tables and Data AnalysisAppendix:  Tables and Data AnalysisAppendix:  Tables and Data AnalysisAppendix:  Tables and Data AnalysisAppendix:  Tables and Data Analysis

TTTTTababababable 1 le 1 le 1 le 1 le 1        PRICES CHARGED FOR TEN RANDOM TITLES BY ONLINE RETAILERS

TTTTTababababable 2 le 2 le 2 le 2 le 2       PRICES CHARGED FOR TEN RANDOM TITLES BY BRICKS AND MORTAR RETAILERS

TTTTTababababable 3 le 3 le 3 le 3 le 3       COLLEGE STUDENT GROUP RESULTS

11111 22222 33333 44444 AAAAAverververververage age age age age TTTTTrrrrrust Leust Leust Leust Leust Levelvelvelvelvel

Amazon 0 3 19 34 3.55
BN 1 3 23 29 3.43
Borders 13 12 22 9 2.48
1Bookstreet 29 18 8 1 1.66
Buy 12 11 21 12 2.59
BAM 27 21 6 12 2.41

Ecampus 21 23 8 4 1.91
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AmazonAmazonAmazonAmazonAmazon BNBNBNBNBN BorBorBorBorBorderderderderdersssss 1Bookstr1Bookstr1Bookstr1Bookstr1Bookstreeteeteeteeteet BuyBuyBuyBuyBuy BBBBBAMAMAMAMAM EcampusEcampusEcampusEcampusEcampus

Heard of It? 23 20 12 3 16 2 0
Visited It? 21 11 0 0 6 0 0

Bought Anything? 15 3 0 0 3 0 0

Purchase Rate= 71.4% 27.3% 0.0% 0.0% 50.0% 0.0% 0.0%

TTTTTababababable 4 le 4 le 4 le 4 le 4      NON-COLLEGE STUDENT GROUP RESULTS

11111 22222 33333 44444 AAAAAverververververage age age age age TTTTTrrrrrust Leust Leust Leust Leust Levelvelvelvelvel

Amazon 0 0 6 17 3.74
BN 0 0 10 13 3.57
Borders 3 3 11 6 2.87
1Bookstreet 7 6 10 0 2.13
Buy 2 5 12 4 2.78
BAM 10 4 9 0 1.96

Ecampus 11 4 8 0 1.87

TTTTTrrrrrustustustustust AAAAAwarwarwarwarwarenessenessenessenesseness QuarQuarQuarQuarQuarttttterlerlerlerlerlyyyyy PPPPPricricricricriceeeee
RRRRRankingankingankingankinganking  R R R R Rankingankingankingankinganking RRRRReeeeevenuevenuevenuevenuevenue RRRRRankingankingankingankinganking

Amazon 1 1 3 1
BN 2 2 1 2
Borders 4 4 2 5
1Bookstreet 7 7 7 3
Buy 3 3 4 4
BAM 5 6 5 6

Ecampus 6 5 6 7

Trust to Price Rank Correlation Coefficient = .643 p=.114
Awareness to Price Rank Correlation Coefficient = .607 p=.136

Quarterly Sales to Price Rank Correlation Coefficient = .429 p=.294

TTTTTababababable 5 le 5 le 5 le 5 le 5       RANKINGS FOR THE COLLEGE STUDENT GROUP

TTTTTrrrrrustustustustust AAAAAwarwarwarwarwarenessenessenessenesseness QuarQuarQuarQuarQuarttttterlerlerlerlerlyyyyy PPPPPricricricricriceeeee
RRRRRankingankingankingankinganking  R R R R Rankingankingankingankinganking RRRRReeeeevenuevenuevenuevenuevenue RRRRRankingankingankingankinganking

Amazon 1 1 3 1
BN 2 2 1 2
Borders 3 4 2 5
1Bookstreet 5 5 7 3
Buy 4 3 4 4

BAM 6 6 5 6

Ecampus 7 7 6 7

Trust to Price Rank Correlation Coefficient = .857 p=.036
Awareness to Price Rank Correlation Coefficient = .893 p=.029

Quarterly Sales to Price Rank Correlation Coefficient = .429 p=.294

TTTTTababababable 6  le 6  le 6  le 6  le 6        RANKINGS FOR THE NON-COLLEGE STUDENT GROUP
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uest labor programs are one of the most complex issues con-

fronting United States immigration policy. The aim of guest
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labor programs is to add workers to the labor force at times of labor

shortage without adding permanent residents to the population (Mar-

tin 1). Previous guest labor programs have left behind complex, unre-

solved issues that continue to plague existing programs (e.g. the per-

manent stay of temporary workers, economic competition with na-

tive workers, and racial resentment). The H-1B program is a guest

labor program to allow skilled foreign workers to temporarily work

in the U.S. for up to six years. Since the early 1990s, computer indus-

try CEOs have claimed a shortage of workers with technical skills

and lobbied Congress to increase the number of H-1B visas.

         Nevertheless, the longevity of any guest labor program is

dependent upon the American sentiment toward foreign workers



and their views of the economic and social contribu-

tions made by these immigrants. Americans who view

the influx of foreign workers as a threat to the jobs of

native workers or the welfare of American society will

intensify their campaign to reduce or abolish the H-1B

visa quota. The U.S. government’s ideology of “govern-

ment by the people” guarantees that the attitudes of

the majority will transpire in legislation. However, the

government is concerned that if domestic access to

skilled workers is limited or denied, high technology

firms in the U.S. may relocate to other countries where

there is an abundance of skilled and cheap labor. Thus,

it is important to assess the current American public

opinion toward skilled foreign immigrants.

B a c k g r o u n dB a c k g r o u n dB a c k g r o u n dB a c k g r o u n dB a c k g r o u n d

Immigration policies are historically affected by ra-

cial context. From the 1840s to 1870s, Chinese laborers

migrated to the U.S. to fill the labor shortage in mines

and railroad construction (Kitano and Daniels 4). After

their initial welcome, their race became an issue that

perpetuated a series of legal and illegal actions includ-

ing lynching, murders, and race riots. Anti-Chinese sen-

timent culminated in The Chinese Exclusion Act of 1882

in which Congress enacted immigration legislation ex-

cluding “idiots,” “lunatics,” and “Chinese laborers” (Hing

1). In time, other immigration policies were enacted to

forbid the immigration of every Asian group.

At the time, U.S. immigration law defined one’s na-

tional-origin as the criterion for entry. These discrimina-

tory policies coupled with anti-Asian sentiment in the

U.S. resulted in the dramatic decline in the number of

immigrants from China, India, and other Asian countries.

Exclusion of Asians, rather than restriction, became the

law of the land (Kitano and Daniels 14). Driven by World

War II politics and the desire to form alliances in Asia,

exclusion policies toward Asians began to relax in 1943,

starting with the repeal of The Chinese Exclusion Act

(Kitano and Daniels 16). U.S. immigration policy was dra-

matically revised in 1965. Though designed to encourage

European immigration, The Immigration Act of 1965 al-

lowed the Asian immigration population to jump from

one million in 1965 to seven million in 1990 (Hing 40).

Since the late 1980s, a large percentage of Asian la-

borers have been re-invited into the U.S. in order to fill

another labor shortage. Instead of filling the labor-in-

tensive jobs of the old economy, these technically savvy

Asian laborers have been invited to fill the shortage of

computer programmers, scientists, and engineers in the

new economy. The U.S. Immigration and Naturalization

Service reported that India and China held 56.8% of the

H-1B visas (Wayne 1). Refer to Table 1 for the number

of H-1B visas granted by country.*

The H-1B visa program had its roots in the tempo-

rary visa programs begun in the 1950s, but it took off in

the 1980s and again in the late 1990s as high-technology

industries blossomed (Wayne 1). The issuance of H-1B

visas has steadily increased to 195,000 yearly visas in 2001

as high-technology companies lobbied Congress to de-

mand more skilled foreign workers.

T h e o r yT h e o r yT h e o r yT h e o r yT h e o r y

A conglomerate of influences shape Americans’ per-

ception toward Asian immigrants.  Respondents with

personal or familial immigration experiences are often

able to identify with the push or pull factors that propel

emigration from one’s motherland. Thus, these respon-

dents are more likely to support guest labor programs

that afford immigrants the same opportunities as they

had received. Respondents who have contact with Asians

are influenced by their subjective experiences. In gen-

eral, those with positive experiences are more likely to

support Asian immigration, while those with negative

experiences are less likely to agree.

Conversely, common stereotypes of Asian Ameri-

cans in the media, based on accurate, yet infrequent

cases, lead to negative attitudes toward Asian immi-

grants. Respondents who are detached from the immi-

gration experience or have less contact with the Asian

American population are more likely to be primarily

influenced by the media’s negative stereotypes. In the

1960s, the media began to promote the model minority

theory through statistic-laden articles depicting Asian

Americans as an exceptionally accomplished and indus-

trious minority group (Chang, Kong, Shih, and Wu 1).

*See Appendix for Tables and Figures, pp. 16–21
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Since the late 1960s, the media has continued to

selectively report success stories of a few Asian immi-

grants attaining the “American Dream,” rather than the

political, economic, social, and educational challenges

faced by a large part of the Asian American population.

This inaccurate portrayal has resulted in a stereotype

among Americans, predominately White, that Asian

Americans are doing better than other minority groups

and enjoy a status comparable to the wealthy White

population. A similarly misleading stereotype portrays

Asian immigrants as those who are ill-equipped to com-

pete in American society and pose to be a drag on the

American economy (Hing 10). Television shows and Hol-

lywood movies often associate Asian immigrants with

sweatshops, ethnic ghettos, illegal activities, and other

unflattering images.

Both stereotypes of the Asian population not only

aggravate existing racial tension but also influence

American public opinion toward arriving Asian immi-

grants. On the one hand, skilled Asian immigrants may

be perceived as “super beings” whose aim is to compete

for skilled positions in the high-technology industry. This

image raises a fear of unfair competition from these “su-

per beings” that is reminiscent of what led to the desire

to control their immigration numbers in the past (Hing

11). Native workers, especially those working in the high-

technology industry, may believe in a direct displace-

ment of jobs—one more job taken by a foreign worker

is equated with one less job for a native worker. On the

other hand, Americans may view Asian immigrants as an

economic and social burden on American society. Both

views of the Asian American population in the U.S. fos-

ter negative perceptions toward Asian immigrants. Refer

to Figure 1 for a diagram of the theory described above.

M e t h o d sM e t h o d sM e t h o d sM e t h o d sM e t h o d s

To evaluate the American public opinion toward

skilled Asian immigrants, I utilized survey data collected

between May and August 2001. Two hundred forty-one

U.S. citizens participated by responding to a series of

written questions concerning their views toward skilled

immigrants and inquiries of demographic information.

The survey questionnaire utilized the indirect method

to identify attitudes toward skilled Asian immigrants.

Survey data was collected in Austin, Texas, often

referred to as the “Silicon Hills.” Austin is the hub of

major technology based companies, such as Motorola

and IBM, who employ skilled Asian immigrants. Accord-

ing to The Department of Labor data, technology com-

panies across the country received permission to hire

9,404 foreign workers for jobs based in Austin and

nearby suburb, Round Rock (Bahadur 1). Surveys were

distributed at Zilker and Barton Springs public parks,

where a diverse population gathers for recreational

sports and other special events.

The sample aimed to depict a cross section of

American society with participants from different oc-

cupations, gender, races, age groups, education levels,

and backgrounds. However, due to the limitation of the

study population, the sample was not heavily weighted

on high technology workers. Thus, the sample of high

technology workers is more susceptible to sampling er-

rors. Further study is needed to target high-technology

workers. Refer to Table 2 for the number of participants

in each demographic category.

The dependent variable of the study was the extent

to which the subject agreed or disagreed with each of

the statements made on the survey (i.e. U.S. high-tech-

nology firms should import skilled foreign workers to

fill skilled labor positions). The response was catego-

rized on a 5-point scale, with “strongly disagree” scored

as 1, “disagree” as 2, “neutral” as 3, “agree” as 4, and

“strongly agree” as 5. The “don’t know” response was an

option outside of the 5-point scale; it was coded as 0.

However, for purposes of data analysis, only three cat-

egories, “disagree,” “neutral,” and “agree,” were created.

“Don’t know” responses were not included in the data

analysis, and the “strongly agree/disagree” responses

were combined with the “agree/disagree” categories.

Demographic variables incorporated into the study

included the respondent’s occupation, gender, race, age,

education, and whether or not a respondent was born

in the U.S. The impact of these predictors on the re-

spondents’ opinions toward skilled foreign workers was

examined using the Pearson chi-square test. This sta-

tistical tool was used to evaluate the statistical signifi
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cance of the relationship between the independent and

dependent variables.

R e s u l t sR e s u l t sR e s u l t sR e s u l t sR e s u l t s

The results indicated the following: (1) High-tech-

nology workers born outside of the U.S. held more fa-

vorable attitudes toward importing foreign workers. (2)

Asian Americans held more favorable attitudes toward

importing foreign workers and less concerns on the ad-

verse effects of immigration. (3) Hispanic Americans

perceived skilled Asian workers to have made more tech-

nical and economic contributions than European work-

ers. (4) Highly educated Americans had more concerns

of the economic effects of immigration.

High Technology Workers

There is a significant relationship between respon-

dents’ country of birth and their attitude toward import-

ing skilled foreign workers. The difference in the re-

sponses of high technology workers born in the U.S. and

those born outside of the U.S. is too large to be a conse-

quence of sampling error alone. The differences are sta-

tistically significant at the 95% confidence interval. Al-

though previous studies are inconclusive regarding a real

shortage in the high-technology industry, the difference

in opinion between these two groups is interesting in it-

self (Matloff 4). Seventy-one percent of high-technology

workers born outside of U.S. believed there was a labor

shortage in the high-technology industry, while 41% of

high-technology workers born in the U.S. believed in the

same statement. Furthermore, 64% of high-technology

workers born outside of the U.S. supported the impor-

tation of skilled foreign workers to fill skilled labor po-

sitions, while 26% of workers born in the U.S. supported

the same statement. Thus, high technology workers born

outside of the U.S. borders are more likely to believe in

the existence of a labor shortage of skilled workers and

support the importation of skilled foreign workers.

Asian Americans

The race of the respondents impacted their atti-

tude toward skilled Asian immigrants. Asian Americans

are more likely than Whites to agree that the economic

contributions made by Asian immigrants have contrib-

uted to the economic expansion (see Table 5). The dif-

ference in responses between Asian Americans and

Whites is statistically significant at the 90% confidence

interval. Ninety-one percent of Asian Americans re-

sponded favorably concerning the contributions of

skilled Asian immigrants, while 71% of Whites affirmed

the same statement. While Asian Americans favored

training U.S. citizens to fill skilled high-technology po-

sitions, the group also held more favorable opinions of

importing skilled foreign workers to fill the shortage of

skilled labor than Whites (see Table 3). Furthermore,

Asian Americans were less likely to be concerned that

increasing the number of skilled foreign workers in the

U.S. may negatively affect national security (see Table 7).

Hispanic Americans

The Hispanic population perceived Asian immi-

grants to have made more contributions to the develop-

ment of advanced technology and the economic expan-

sion than skilled European immigrants (see Table 4 and

Table 5). Thirty-eight percent of Hispanic respondents,

compared to 59% of the White respondents, agreed that

Europe immigrants have contributed to the develop-

ment of more advanced technology. The difference is

statistically significant at the 95% confidence interval.

Forty-three percent of Hispanic respondents, compared

with 79% of the White respondents, agreed that Euro-

pean immigrants have contributed to the economic ex-

pansion.  The difference is statistically significant at the

99% confidence interval.

Americans with Higher Education

Americans with post-graduate degrees are more

likely than those with a 2-4 year college degree to view

skilled foreign workers as a direct displacement of U.S.

workers. 46% of the respondents with post-graduate

degrees believed that one more job filled by a skilled

foreign worker is one less job for a skilled American

worker, while 34% of the respondents with 2-4 year

college education agreed with the same statement (see

Table 6). The difference in the responses is statisti-

cally significant at the 95% confidence interval.
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D i s c u s s i o nD i s c u s s i o nD i s c u s s i o nD i s c u s s i o nD i s c u s s i o n

This study identified demographic variables that af-

fected Americans’ perceptions of skilled Asian immi-

grants. The following are possible explanations of the above

results.  Future research examining each of the demographic

variables will assess the validity of these explanations.

High Technology Workers

The saturation of skilled foreign workers, especially

those of Asian descent, in the high-technology industry

has led to differing views concerning the importation

of skilled foreign labor. A large percentage of existing

high-technology workers were either previous holders of

the H-1B visa or have immigrated to the U.S. (Donnelly

6). Respondents with such experiences may identify with

the immigration experience and may be familiar with

the push and pull factors that propel emigration. Thus,

their own experience as a H-1B visa worker or immigrant

might have influenced the disparity of attitudes between

skilled workers born in and outside of the U.S.

The first area of disparity is identifying the exist-

ence of a labor shortage in the high technology indus-

try. The native-born high technology respondents be-

lieved there is little shortage, while the foreign born

high-technology respondents believed a shortage of

skilled labor exists in the U.S. These different opinions

are crucial for understanding the complexity of the H-

1B visa issue. If no shortage exists, the aim of the H-1B

visa program to import more skilled labor is nullified.

Secondly, these two groups differ on whether skilled

foreign workers ought to be imported. Using the previ-

ous question as a point of reference, it is not surprising

that native-born workers disagreed at a greater extent

when compared with foreign-born workers. If native-

born workers did not realize the existence of a shortage

of skilled workers, there is no reasonable explanation

for importing skilled foreign labor.

Asian Americans

Asian Americans, like other minority groups, broad-

cast the outstanding accomplishments of individuals

from the ethnic group to their community. Ethnic en-

claves print and circulate ethnic newspapers, often her-

alding the accomplishments of Asian workers. Access

to positive news reports may have affected the responses

of Asian Americans. Furthermore, the extensive kinship

and family networks among Asian Americans is condu-

cive for the spread of positive information about the

successes of family members in their respective fields.

Therefore, it is not surprising that Asian Americans re-

sponded favorably concerning the contributions of

skilled Asian immigrants and were more likely to agree

with the importation of foreign workers.

Since the majority of Asian Americans immigrated

to the U.S. as a result of The Immigration Act of 1965,

many still recollect their personal or familial immigra-

tion experience. Recollections of their own experience

may have caused them to be more sympathetic toward

skilled Asian workers. Asian Americans are less likely than

Whites to believe that immigration poses a threat to U.S.

national security. It may be difficult for Asian communi-

ties with their close kin-networks to view anyone in their

community as a threat to the societal welfare of the U.S.

After scientist Wen Ho Lee was vindicated of 59 charges

of Communist espionage in 2000, Asian Americans may

even view the use of national security to legitimize tighter

immigration policies as racial discrimination.

Hispanic Americans

Hispanic Americans held less favorable views toward

skilled European immigrants than Asian immigrants. No

evidence suggests that skilled Asian immigrants have

made more technical or economic contributions than

European workers. The racial background of European

immigrants might explain these disparities. Among the

Hispanic population, racial discrimination toward Whites

may exist. This might be a sign of racial tension caused

by a history of racial conflicts between the two groups.

Furthermore, ethnic enclaves tend to centralize in the

same areas; the proximity of Hispanic ethnic enclaves to

Asian enclaves may attribute to more interaction between

the two groups and, thus, result in more favorable per-

ceptions of Asian workers than Europeans.
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Americans with Higher Education

In general, respondents with higher education are

inclined to view foreign workers as taking away the jobs

of native workers. Respondents with higher education

are often employed in skilled positions that are directly

affected by the importation of skilled foreign workers.

The group is most prone to face competition from H-

1B holders and more likely to hold negative views of the

economic effects of guest labor programs.

Future ResearchFuture ResearchFuture ResearchFuture ResearchFuture Research

This study identified segments of the U.S. popula-

tion in which attitudes toward skilled Asian immigrants

were significantly different from other demographic

groups. Attitude differences among the demographic

variables may be related to a conglomerate of influences,

such as each group’s immigration experience, interac-

tion with Asians, media influences, economic opportu-

nities, and many others.

Further investigations will seek to understand the

complexity of influences that shape each demographic

group’s perceptions toward skilled Asian immigrants.

Future research methods will include in-depth inter-

views, survey, and historical analysis with each of the

demographic groups identified in this study.

Author’s NoteAuthor’s NoteAuthor’s NoteAuthor’s NoteAuthor’s Note

The terrorist attack on September 11, 2001, in which

at least one of the terrorists involved held a student visa,

may have dramatically changed the perceptions of

Americans toward immigrants. Future research is nec-

essary to assess the magnitude of the event’s impact on

future U.S. immigration policies.
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CCCCCountrountrountrountrountry of Biry of Biry of Biry of Biry of Birththththth EstimatEstimatEstimatEstimatEstimateeeee TTTTTotalotalotalotalotal

All countries 100 “134,400”

India 47.5 “63,900”
China 9.3 “12,400”

United Kingdom 3.2 “4,400”
Canada 3 “4,000”

Philippines 2.7 “3,700”
Korea 2.3 “3,100”

Taiwan 2.1 “2,800”
Japan 2 “2,700”

Other Countries 27.8 “37,400”

Source:  U.S. Immigration and Naturalization Service

H–1B PETITIONS APPROVED BY

INFLUENCES ON PERCEPTIONS

PPPPParararararticipantsticipantsticipantsticipantsticipants

IIIIInfluencnfluencnfluencnfluencnfluenceseseseses

PPPPPerererererccccceptionseptionseptionseptionseptions

R E S P O N D E N T

Media Stereotypes

Immigration Experience

Interaction with Asians

Other Influences

FAV O R A B L E U N D E C I D E D U N FAV O R A B L E

DemogrDemogrDemogrDemogrDemographicaphicaphicaphicaphic NNNNNumber inumber inumber inumber inumber in
VVVVVariariariariariababababableslesleslesles CCCCCatatatatateeeeegorgorgorgorgory (n)y (n)y (n)y (n)y (n)

Occupation:Occupation:Occupation:Occupation:Occupation:
   High-Tech Workers 52
   Non-High-Tech Workers 188
Gender:Gender:Gender:Gender:Gender:
   Men 120
   Women 120
RRRRRacacacacace:e:e:e:e:
  White 158
  African American 9
  Asian American 20
  Hispanic 40
  Other 11
Age:Age:Age:Age:Age:
  Aged 20 or under 16
  Aged 20 to 29 83
  Aged 30 to 39 67
  Aged 40 to 49 43
  Aged 50 to 59 15
  Aged 60 to 69 13
  Aged 70 or over 3
Education:Education:Education:Education:Education:
  High School Graduate 48
  College Graduate 130
  Post Graduate Degree 61
PlacPlacPlacPlacPlace of Bire of Bire of Bire of Bire of Birth:th:th:th:th:
  Born in the U.S. 210
  Born outside of the U.S. 29

1 The number of total participants in the study was
241.  However, some participants may not have dis-

closed certain demographic information.

OF ASIAN IMMIGRANTS
FFFFFiiiiigugugugugurrrrre 1e 1e 1e 1e 1

TTTTTababababable 1le 1le 1le 1le 1
COUNTRY OF BIRTH IN FEB. 2000 DEMOGRAPHIC DATA1

TTTTTababababable 2le 2le 2le 2le 2
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TTTTTotalotalotalotalotal44444 3030303030%%%%% 2525252525%%%%% 4343434343%%%%% 8383838383%%%%% 99999%%%%% 44444%%%%%

Occupation:Occupation:Occupation:Occupation:Occupation: ns5 p<.10
   High-Tech Workers 34 29 34 75 17 6
   Non-High-Tech Workers 33 26 40 88 7 3
Gender:Gender:Gender:Gender:Gender: ns ns
   Men 36 23 40 83 12 5
   Women 27 26 46 90 6 3
RRRRRacacacacace:e:e:e:e: p<.10 ns
  White 27 23 47 87 7 5
  Asian American 45 35 20 80 15 5
RRRRRacacacacace:e:e:e:e: ns ns
  White 27 23 47 87 7 5
  Hispanic 33 22 45 88 10 0
Age:Age:Age:Age:Age: ns ns
  Aged 29 or under 31 31 36 84 8 6
  Aged 30 to 49 28 19 50 87 11 2
  Aged 50 to 70 or over 35 19  38 94 6 0
Education:Education:Education:Education:Education:66666 ns ns
   College Graduate 36 27 36 82 12 5
   Post Graduate Degree 30 18 48 93 3 3
PlacPlacPlacPlacPlace of Bire of Bire of Bire of Bire of Birth:th:th:th:th: p<.01 ns
  Born in the U.S. 27 24 47 88 8 3
  Born outside of the U.S. 56 24 17 83 10 7

1 Survey questions: “U.S. high-tech firms should import foreign skilled workers to fill skilled labor positions.”
“U.S. high-tech firms should cultivate and train U.S. citizens to fill skilled labor positions.”
2 Responses in the categories of “strongly agree” and “somewhat agree” were combined and included in the

“agree” category.  The same is true for the “disagree” category.
3 Significance refers to the Pearson chi-square test (one-tailed).
4 The numbers may not add to 100% because “don’t know” responses were not included in the calculations.
5 p value >.10
6 Number of high school graduates was insufficient for effective chi-square analysis.
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TTTTTotalotalotalotalotal44444 7171717171%%%%% 1818181818%%%%% 44444%%%%% 5656565656%%%%% 2424242424%%%%% 77777%%%%%

Occupation:Occupation:Occupation:Occupation:Occupation: ns5 ns
   High-Tech Workers 69 21 4 56 27 8
   Non-High-Tech Workers 67 19 1 57 24 8
Gender:Gender:Gender:Gender:Gender: ns p <.01
   Men 73 17 3 61 24 7
   Women 67 19 3 53 25 6
RRRRRacacacacace:e:e:e:e: ns ns
  White 70 16 4 59 22 6
  Asian American 85 10 0 70 25 0
RRRRRacacacacace:e:e:e:e: ns p <.05
  White 70 16 4 59 22 6
  Hispanic 65 25 5 38 38 10
Age:Age:Age:Age:Age: ns ns
  Aged 29 or under 70 15 2 54 24 5
  Aged 30 to 49 67 27 5 53 29 7
  Aged 50 to 70 or over 84 10 0 77 10 6
Education:Education:Education:Education:Education:66666 ns ns
   College Graduate 74 18 2 59 22 8
   Post Graduate Degree 72 13 6 62 20 5
PlacPlacPlacPlacPlace of Bire of Bire of Bire of Bire of Birth:th:th:th:th: ns ns
  Born in the U.S. 76 10 3 55 26 7
  Born outside of the U.S. 70 19 3 66 17 3

1 Survey questions:  “Skilled workers from Asia have contributed to the development of more advanced technol-
ogy in the U.S.”  “Skilled workers from Europe have contributed to the development of more advanced technol-
ogy in the U.S.”
2 Responses in the categories of “strongly agree” and “somewhat agree” were combined and included in the
“agree” category.  The same is true for the “disagree” category.
3 Significance refers to the Pearson chi-square test (one-tailed).
4 The numbers may not add to 100% because “don’t know” responses were not included in the calculations.
5  p value >.10
6 Number of high school graduates was insufficient for effective chi-square analysis.
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AMERICAN PUBLIC OPINION: ECONOMIC CONTRIBUTIONS
TTTTTababababable 5le 5le 5le 5le 5

(percentage responding by occupation, gender, race,age, education, and place of birth, 2001)
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OF ASIAN AND EUROPEAN SKILLED WORKERS 1

TTTTTotalotalotalotalotal44444 7171717171%%%%% 1818181818%%%%% 44444%%%%% 5656565656%%%%% 2424242424%%%%% 77777%%%%%

Occupation:Occupation:Occupation:Occupation:Occupation: ns5 ns
   High-Tech Workers 75 17 4 65 25 4
   Non-High-Tech Workers 72 17 5 58 22 9
Gender:Gender:Gender:Gender:Gender: ns ns
   Men 71 21 5 60 25 8
   Women 68 17 7 52 21 8
RRRRRacacacacace:e:e:e:e: p< .10 ns
  White 71 19 3 79 8 0
  Asian American 95 5 0 65 25 0
RRRRRacacacacace:e:e:e:e: ns p<.0001
  White 71 19 3 79 8 0
  Hispanic 63 23 13 43 28 18
Age:Age:Age:Age:Age: ns ns
  Aged 29 or under 78 20 2 65 28 7
  Aged 30 to 49 69 21 10 59 30 11
  Aged 50 to 70 or over 86 10 3 11 11 78
Education:Education:Education:Education:Education:66666 ns p<.05
   College Graduate 72 17 7 58 18 12
   Post Graduate Degree 66 20 2 56 28 6
PlacPlacPlacPlacPlace of Bire of Bire of Bire of Bire of Birth:th:th:th:th: p<.0001 p<.0001
  Born in the U.S. 67 20 7 53 24 10
  Born outside of the U.S. 86 7 0 76 14 0

1 Survey questions:  “Skilled workers from Asia have contributed to the U.S. economic expansion.”  “Skilled workers

from Europe have contributed to the U.S. economic expansion.”
2 Responses in the categories of “strongly agree” and “somewhat agree” were combined and included in the “agree”

category.  The same is true for the “disagree” category.
3 Significance refers to the Pearson chi-square test (one-tailed).
4 The numbers may not add to 100% because “don’t know” responses were not included in the calculations.
5 p value >.10
6 Number of high school graduates was insufficient for effective chi-square analysis.
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AMERICAN PUBLIC OPINION: EFFECTS OF IMMIGRATION 1

TTTTTababababable 6le 6le 6le 6le 6 (percentage responding by occupation, gender, race,age, education, and place of birth, 2001)
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TTTTTotalotalotalotalotal44444 4747474747%%%%% 1212121212%%%%% 3333333333%%%%% 4242424242%%%%% 1616161616%%%%% 4444400000%%%%%

Occupation:Occupation:Occupation:Occupation:Occupation: p< .105 ns
   High-Tech Workers 48 6 44 33 15 52
   Non-High-Tech Workers 46 18 34 41 15 42
Gender:Gender:Gender:Gender:Gender: ns ns
   Men 48 17 33 41 17 42
   Women 46 15 34 43 16 39
RRRRRacacacacace:e:e:e:e: ns ns
  White 44 14 34 44 14 41
  Asian American 55 20 25 30 30 40
RRRRRacacacacace:e:e:e:e: ns ns
  White 44 14 34 44 14 41
  Hispanic 33 23 38 45 13 40
Age:Age:Age:Age:Age: ns
  Aged 29 or under 43 15 39 ns 33 20 45
  Aged 30 to 49 46 19 28 45 15 39
  Aged 50 to 70 or over 61 6 26 42 16 39
Education:Education:Education:Education:Education:66666 p< .10 p< .05
   College Graduate 42 15 38 34 14 45
   Post Graduate Degree 62 11 25 46 10 41
PlacPlacPlacPlacPlace of Bire of Bire of Bire of Bire of Birth:th:th:th:th: ns ns
  Born in the U.S. 45 16 35 38 16 38
  Born outside of the U.S. 62 17 17 28 14 55

1 Survey questions:  “There is a shortage of skilled workers in the U.S. high-tech market.”  “One more job filled
by a foreign skilled worker is one less job for an American skilled worker.”
2 Responses in the categories of “strongly agree” and “somewhat agree” were combined and included in the
“agree” category.  The same is true for the “disagree” category.
3 Significance refers to the Pearson chi-square test (one-tailed).
4 The numbers may not add to 100% because “don’t know” responses were not included in the calculations.
5 p value>.10
6 Number of high school graduates was insufficient for effective chi-square analysis.
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AMERICAN PUBLIC OPINION: EFFECTS OF IMMIGRATION 1
TTTTTababababable 7le 7le 7le 7le 7

(percentage responding by occupation, gender, race,age, education, and place of birth, 2001)
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TTTTTotalotalotalotalotal44444 2828282828%%%%% 2020202020%%%%% 5151515151%%%%% 2222222222%%%%% 1313131313%%%%% 5959595959%%%%%

Occupation:Occupation:Occupation:Occupation:Occupation: ns5 ns
   High-Tech Workers 21 21 54 13 19 63
   Non-High-Tech Workers 28 20 51 20 14 60
Gender:Gender:Gender:Gender:Gender: ns ns
   Men 26 17 56 21 13 60
   Women 31 23 45 23 18 57
RRRRRacacacacace:e:e:e:e: ns p<.05
  White 27 17 54 22 12 60
  Asian American 20 25 50 5 30 60
RRRRRacacacacace:e:e:e:e: p<.10 ns
  White 27 17 54 22 12 60
  Hispanic 38 28 33 33 15 50
Age:Age:Age:Age:Age: ns ns
  Aged 29 or under 26 22 48 16 19 58
  Aged 30 to 49 30 18 52 25 9 59
  Aged 50 to 70 or over 26 19 52 58 10 26
Education:Education:Education:Education:Education:66666 ns ns
   College Graduate 23 22 52 19 15 60
   Post Graduate Degree 28 16 54 18 8 67
PlacPlacPlacPlacPlace of Bire of Bire of Bire of Bire of Birth:th:th:th:th: ns ns
  Born in the U.S. 25 20 50 23 12 58
  Born outside of the U.S. 28 14 56 10 21 59

1 Survey questions:  “Foreign skilled workers place an economic burden on the U.S.”  “Increasing foreign skilled
workers in the U.S. may negatively affect U.S. national security.”
2 Responses in the categories of “strongly agree” and “somewhat agree” were combined and included in the

“agree” category.  The same is true for the “disagree” category.
3 Significance refers to the Pearson chi-square test (one-tailed).
4 The numbers may not add to 100% because “don’t know” responses were not included in the calculations.
5 p value >.10
6 Number of high school graduates was insufficient for effective chi-square analysis.
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ost music historians and scholars agree that Hugo Wolf

contributed significantly to the development of the art
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song in the second half of the nineteenth century. Eric Sams and

Graham Johnson describe this famous and prolific art song com-

poser as “a representative of the opposite end of the spectrum of

lied composition [from Schubert]” (677), and indeed, Wolf ’s his-

torical status in the lied could be compared to that of Brahms in the

genre of symphony. Especially, as a Wagnerian advocate, Wolf

achieved a new standard in art song composition in which both the

poem and music are treated equally as an inseparable entity. In this

model, all the musical devices unmistakably support and reinforce

the meanings and connotations of the poem. To this point, Sams

and Johnson state: “As an originator rather than a traditionalist, he

had to create his own models by assimilating the wide variety of

A Musical Analysis of His Lied, An eine Äeolsharfe



StanzaStanzaStanzaStanzaStanza Division by GrDivision by GrDivision by GrDivision by GrDivision by Grammarammarammarammarammar Division by MDivision by MDivision by MDivision by MDivision by Meaningeaningeaningeaningeaning

I First: 1st~7th line First: 1st~7th line – address to the harp

(1st~18th) Second: 8th~11th line Second: 8th~18th line –  description of the harp’s

Third: 12th~18th line sound played by winds which came from

far away

II Fourth: 19th~23rd line Third: 19th~25th line – connects harp, wind

(19th~25th) Fifth: 24th~25th line and poet’s soul

U N D E R G R A D U A T E R E S E A R C H J O U R N A L24 VOLUME 1

vocal and keyboard techniques and devices needed to

express the deep emotive content of verse” (677).

Lawrence Kramer wrote similarly about Wolf ’s interest

in poetic setting: “[Wolf] understood [poetry] preter-

naturally well, and ‘expressed’ them to perfection by re-

peating their sound and meaning in the form of

music…Wolf was more intent on perfect declamation

than most lied composers, and he made a point of de-

manding high-quality poetry” (186).

Thus, as these and other music scholars have pointed

out, there is no doubt that Wolf deals carefully with the

poet’s structure and declamation in his music. The close

synthesis of poetry and music interested Wolf to such an

extent that he wanted the poem declaimed on stage prior

to the performance of his songs. With such a close inter-

action of poetry and music, it can be insightful to first

analyze each of these components independently.

In this regard, I will focus on two main tasks in this

paper. First, I will analyze Wolf ’s technique of integrat-

ing poetic and musical structures into his song, and then

discuss the aesthetic impact of his technique. Second, I

will analyze Wolf ’s extensive use of musical devices to

incorporate poetic meaning into his songs. The use of

radical harmonic progressions which deviate from the

traditional harmonic idiom, irregular voice leadings, and

interesting rhetorical gestures will be emphasized in my

discussion with regard to text painting.

Wolf ’s collection, Gedichte von Eduard Mörike,1  has

many songs that represent his distinctive compositional

features. Wolf loved Mörike’s poems more than that of

any others because Mörike’s poems contain the psycho-

logical depths and avoidance of overt subjectivity, which

are Wolf ’s concern. The set of Mörike’s Fifty-three songs

was composed in one year, between 16 February 1888

and 26 November 1888, and these belong to Wolf ’s third

stylistic period (Sams and Youens 491-493).2   I will ana-

lyze his eleventh song, An eine Äeolsharfe, which was com-

posed on in 15 April 1888. This poem consists of two

stanzas. The first stanza has eighteen lines, and the sec-

ond stanza contains seven. To illustrate how the com-

poser creates a musical structure by integrating its po-

etic structure in the art song, a careful examination of

Su-Kyoung Choi Song

TTTTTababababable 1le 1le 1le 1le 1       THE POETIC STRUCTURE

Division by MDivision by MDivision by MDivision by MDivision by Meaningeaningeaningeaningeaning MMMMMusical Strusical Strusical Strusical Strusical Structuructuructuructuructure by e by e by e by e by WWWWWolfolfolfolfolf

First: 1st~7th line A Section – Mm. 1~12: recitative like section

Second: 8th~18th line B Section – Mm. 13~69: aria like section

(An interlude betweeen the second and third of poem)

Third: 19th~25th line

TTTTTababababable 2 le 2 le 2 le 2 le 2       THE MUSICAL STRUCTURE OF THE LIED, AN EINE ÄEOLSHARFE

1 This is the song collection published in 1889, which consists of 53 Wolf’s
songs using Mörike’s poem.

2 Eric Sams and Susan Youens divide Wolf’s stylistic periods into four: the
first period is labeled ‘formative year’ (1860 – 1883); the second period ‘years
of uncertainty’ (1883 – 1887); the third period as ‘mastery and fame’ (1888-
1897); and the fourth ‘breakdown and terminal illness’ (1897 – 1903) (463).
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the poem should precede the musical analysis.

Two ways of considering the poetic structure are

possible. First, if one observes this poem from a gram-

matical and syntactical point of view, he would divide

the stanzas into three and two parts, respectively. On

the other hand, a consideration of the division by mean-

ing of the poem leads us to divide the poem into three

parts. The first part consists of the first to seventh lines

in which the poet addresses the harp. The second part

is the eighth to eighteenth lines, which describe the

harp’s sound played by winds that came from far away.

The third and final part is the nineteenth to twenty-

sixth lines, which draw a connection between the harp,

the wind, and the poet’s soul. Thus, the first and second

parts correspond to the first stanza of this poem, and

the third part corresponds to the second stanza of this

poem. The poetic structure is summarized in Table 1.

Hugo Wolf must have first carefully observed the

poetic structure of this poem, and then attempted to

integrate it into the musical structure in a distinctive

manner. He takes the poetic meaning as his starting

point for designing the large-level musical structure. The

music is split into two sections: the first section (mm.1-

12) corresponds to the first part of the poem, and the

second section the second and third parts of the poem.

In this second section, Wolf continues the same pat-

tern of the music throughout the second and third parts

of this poem only once with a four-measure piano inter-

lude between them.  [SEE TABLE 2]

The musical structure of this piece resembles a

recitative and aria pair of the 18th-century Neapolitan

opera. A series of chords in the first section of this lied is

reminiscent of a simple accompaniment by the basso

continuo, which is used to give a harmonic background

for the recitative. The recitative section, where Wolf uses

some radical harmonic excursions, is more complex than

the following aria in terms of harmony. For example, the

recitative section of the piece starts not on a tonic, but

on a ii in E major. Also, there are sudden shifts of succes-

sive dominant-7th chords at mm. 4-8.  [SEE EXAMPLE 1]

On the other hand, the aria section starts with an

arpeggio figuration on a clear harmonic background, and

offers more lyrical melodies than the first section.

Numbers in George Frideric Handel’s operas and

oratorios, as exemplars of the 18th-century Neapolitan

opera, have a similar musical structure as seen in this

lied. The pairing of a recitative, with more chromatic har-

monic progression and declamatory rhythm, and an aria,

with more predictable harmonic progression and lyrical

melody, characterize these genres. In Handel’s opera,

Serses, the famous aria “Ombra mai fu” and a preceding

recitative, for example, represent such a stylistic associa-

tion. The recitative section, “Frondi tenere,” does not

give any sense of establishing a single tonal center over-

all, but harmonic progressions are broken up into blocks

which are connected by some radical voice-leading. Fi-

nally, a stable key F major is established together with the

initiation of the lyrical and tuneful aria.  [SEE EXAMPLE 2]

Su-Kyoung Choi Song

 RADICAL HARMONIC EXCURSION:
Non-functional use of dominant 7th chords (the harmonic synopsis at mm. 4–7).

EEEEExxxxxaaaaample 1mple 1mple 1mple 1mple 1

  B4   (=V 4   in E)             C6                                  A7 (= Ger.+6 in C#)3 3 5

m.4 m.6 m.7
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A question arises regarding why Wolf adopted a

musical structure typical of the 18th-century opera. The

reason seems related to the composer’s choice to inte-

grate poetic meaning and the musical structure. The

speech-like mood for the first section corresponds to

the recitative, whereas the second section expresses an

elegant playing, which sounds like a modern harp with

its arpeggio-figure. Another reason might be that, as Eric

Sams and Susan Youens report, Wolf had already started

considering a relationship between musical characteris-

tics and atmospheric expression and had planned to

compose an opera since his early career (472). Thus, his

prior interest in opera might be another explanation for

his adopting an operatic genre.

The grammatical and syntactical division governs the

local level of the musical structure, while the division by

the poetic contents affects the large-level musical struc-

ture. Following a pattern of punctuation for clause and

sentence, the aria section has been divided into four parts.

Wolf accents these units by creating some important

pauses between parts using an interlude, many cadences,

predictable harmonic progressions, sudden changes of

harmony, and short rests. Also, each of the four units is

distinctive in its treatment of harmony.   [SEE TABLE 3]

In part (1) of the aria section, the harmonic pro-

gression becomes more predictable than it was in the

recitative; it even threatens to become monotonous

because of the repetition of a single harmonic progres-

sion and immediate resolutions of any chromatic chords.

At the beginning of part (2), Wolf builds up more tension

through chromatic and embellished harmonic vocabular-

ies, although these progressions can still be readily heard

in terms of a traditional harmonic idiom. A cadence is

delayed by prolonging the dominant pedal with an inter-

Su-Kyoung Choi Song

 THE HARMONIC SYNOPSIS OF THE RECITATIVE SECTION
“FRONDI TENERE” FROM HANDEL’S SERSES

m.1 2 3 4 5 7 9

2 5 5Bb      c4
 
       F6     Bb         eº6      F         g6

 
     C        F       A6         c#º6

 
   d         d6      d           E         a

EEEEExxxxxaaaaample 2mple 2mple 2mple 2mple 2

Division by GrDivision by GrDivision by GrDivision by GrDivision by Grammarammarammarammarammar      M      M      M      M      Musical Susical Susical Susical Susical Settingettingettingettingetting

First: 1st~7th line            FFFFFiririririrst parst parst parst parst part: Rt: Rt: Rt: Rt: Recitative sectionecitative sectionecitative sectionecitative sectionecitative section

Second: 8th~11th line SSSSSecececececondondondondond (1)  Mm. 13-20: At the end, there are authentic cadence

parparparparpart:t:t:t:t: and one measure rest in the voice.

Third: 12th~18th line AriAriAriAriAriaaaaa (2)  Mm. 21-39: Four-measure interlude follows this section.

Fourth: 19th~23rd line sectionsectionsectionsectionsection (3)  Mm. 44-51: At the end, the piano continues chromatic

 harmonies; voice rests one measure.

Fifth: 24th~25th line (4)  Mm. 52-57: Authentic Cadence, followed by piano

 postlude (mm. 58-69)

TTTTTababababable 3le 3le 3le 3le 3       SUBLEVELS OF THE MUSICAL STRUCTURE IN THE ARIA
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changeable repetition of Ger.+6 and V7. Unlike the earlier

ones, the last two parts of the aria section are closely con-

nected in Wolf ’s setting even though the texts are gram-

matically separated. The background harmonic structure

of these two parts, (3) and (4), outlines ii – V – I (F# - B –

E) in E. Interestingly, the recitative section is also framed

by the same progression with a long stretch of the F# in

mm.1-10. A similar prolongation of F# is embedded in part

(3) and (4); it covers mm.43-56 as part of the same fourth,

F# - B. Therefore, one could argue that the fourth charac-

terizes the large structure that the bass motion articulates.

Both fourths are part of ii – V – I progressions that con-

nect to the opening recitative and the second half of the

aria to the postlude, respectively. Hence, both contribute

to the tonal unity of the entire piece.   [SEE EXAMPLE 3]

In addition, the large-level fourth motive appears

at local levels of both harmony and melody. For example,

the bass line moves directly from B# to E# at mm.26-28,

and again from B to E in the cadence of mm.30-31. In

mm.47-51, the bass line alternates between F# and C#

inside the F# prolongation. Moreover, the fourth often

appears in the melody of the recitative. This and other

instances of the fourth promote a sense of openness and

emptiness in the sound, and might have been deliber-

ately adopted for the purpose of reflecting the Aeolian

harp’s sonority. According to Stephen Bonner, the

Aeolian harp historically was believed to have symbolic

meanings, and such claims began to appear in the litera-

ture from the 1740s on (175). Thus, the poet often de-

scribes less of the Aeolian harp as the man-made me-

dium through which Nature speaks to man than as the

tragic reflection of his own life-experience, an ‘Actor,

perfect in all tragic sound!’ (Bonner 175).

Thus, Wolf, who was probably familiar with the po-

etic connotation, attempts to reflect such a mood in the

music by using the fourth appropriate for the expression

of the poetic contents. In addition to this reflection, he

tries to directly borrow the characteristic sound of the

harp. The accompaniment imitates ways of performing

the modern harp by providing the figuration of broken

chords in the recitative section and of arpeggios in the

left hand in the aria section. The aria section is unified by

a single pattern of arpeggios. In order to reflect the subtle

sound effect of the Aeolian harp in which the winds gen-

erate the sound and then its gradual echoing away, the

left-hand part of the accompaniment also moves from

the lower to the higher register in every single measure.

This is especially apparent in the postlude, in which the

same accompaniment figuration is combined continu-

ously with softer dynamics and higher register.

I have thus far examined how the poetic structure

has been integrated into the music. Wolf established the

Su-Kyoung Choi Song
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poetic structure, considering the meaning and syntax of

the poem into this music on several different layers. Also,

he used an accompaniment figuration to evoke the sound

of a harp. As seen in Wolf ’s lieder, the most remarkable

characteristic lies in the melody. The musical elements

of this melody such as high and low pitches and long

and short rhythmic values are integrated toward a cor-

rect declamation of the words. Gorrell reports the close

relationship between poet and music as seen in Wolf ’s

lied, “Because of Richard Wagner’s influence, both Wolf

and Debussy wrote with a heightened sensitivity to po-

etic and musical synthesis” (284). In this song, Wolf uses

many ways to set the melody considering the poetic

declamation. The eleventh line of the poem “Wie süss

bedrängt ihr dies Herz” is repeated twice. The repeti-

tion highlights the fact that this line has poetic impor-

tance as a first expression of the poet’s own mood: “how

sweetly you oppress my heart” (Miller 68). This is a dra-

matic moment in that the poet’s own subjective feeling is

synthesized with the description of the harp’s sound.

Wolf considers the poetic declamatory and text

painting as an important aspect of expression. First, in

order to describe expressive word such as “du,” “ach,” or

“und hier,” Wolf assigns long notes to those words at m.

4, 17, and 52. Second, melodic contour, such as ascend-

ing, descending, or leaping, is related to the poetic mean-

ing. For example, at mm.5-6, the ascending melodic line

represents the poetic words of “Muse, born of the air!”

(Phillips 245). Also, at mm.32-33, the downward melodic

line expresses the motion of the wind on “and gently

sigh in the string” (Miller 68). In addition, the leap of A

to F# at mm. 24-25 is the expression of a sense of over-

flowing, reaching the strong fragrance on “and touching

the spring flowers along the way, satiated with fragrance”

(68). For these two lines, the music accumulates much

dissonance: D in the bass of the piano against E in the

voice at m.22 and A# of Ger.+6 in the piano against A in

the voice at m.24. These dissonances seem a deliberate

choice to prepare the most important line “Wie süss

bedrängt ihr dies Herz.” The most intriguing passage of

text painting is mm.4-8, which has already been illumi-

nated in Example 1. This example shows non-functional

harmonic progressions: a succession of unresolved domi-

nant seventh chords, which symbolize the mysterious

state of the text, “mysterious strings-playing” (Phillips

246). This colorful harmonic vocabulary might be un-

derstood as an influence from Wagner’s chromaticism.

Consideration of the poetic effects also involves

rhythmic aspects. Gorrell discusses the rhythm in Wolf ’s

songs in general: “The rhythms of accompaniment are

so independent from both text and meter of the

song”(286). In the aria section, the rhythmic motion of

the voice and piano were quite complex. As he invites

the triplet in the accompaniment, Wolf achieves this

rhythmic complexity by two-against-three in which the

piano-part rhythm becomes more independent from the

voice. Also, using a mixture of duple and triplet in the

vocal part, he pursued freer and more declamatory treat-

ment of the melody, which makes more independent vo-

cal line from the accompaniment.

This song illustrates Wolf ’s great sensitivity to the

poetic structure, and his skill in integrating the poetic

meaning into the song. He achieved this poetic and mu-

sical integration by means of text painting, sudden shifts

of harmony, declamatory melody, and accompaniment

which evokes and creates the appropriate poetic mood.
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thnologists have studied cross-cultural differences in values,

behavior, and perceptions. An unsettled question concerns
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factors that diminish these differences. One potential cause is cul-

tural assimilation, the process by which immigrants and their prog-

eny adapt the culture of their host country in lieu of preserving the

culture of their homeland. This cause is controversial because eth-

nologists disagree on how to measure cultural assimilation and what

the variables are that may expedite or mitigate it.

          Social science researchers have measured cultural assimilation

in various ways. Ethnolinguists commonly focus on the role of lan-

guage when measuring cultural assimilation. For example, Gramman,

Saenz, and Shaul used Spanish-speaking ability as a sole measure of

cultural assimilation in a study on California Hispanics. On the other

hand, Lichter and Qian chose intercultural marriage as their measure



of assimilation. Still other researchers look to family

structure as a measure of assimilation (Lambeth).

A result of these different research traditions is that

it is not clear whether certain variables encourage or dis-

courage assimilation. The level of the immigrant group’s

education is one such variable. An ethnolinguist might

find that higher education hastens assimilation, because

immigrants who work in high-education fields have fewer

opportunities to converse in their native languages

(Mackey and Siguan 30). In contrast, a researcher focus-

ing on food may conclude that higher education prevents

assimilation because jobs that require more education may

provide more disposable income, which can be spent on

preparing an ethnicity’s traditional cuisine (Bunle 113).

Researchers continue to grapple with one unre-

solved issue: what is the effect of population density of

a particular ethnic group on that ethnic group’s assimi-

lation to the mass U.S. culture?  Some sociologists claim

that ethnic enclaves prevent their residents from assimi-

lating to the mass U.S. culture. This conclusion stems

from the researchers’ focus on language as well as con-

sideration of such factors as music, dress, and food. For

example, Chiswick’s research shows that immigrants

who live in areas with fewer fellow immigrants replace

their native language with English faster than those who

live in ethnic enclaves (Krikorian). Still, the effect of

population density on lifestyle choices and religious ad-

herence is unknown.

Indo-Americans and Moral ValuesIndo-Americans and Moral ValuesIndo-Americans and Moral ValuesIndo-Americans and Moral ValuesIndo-Americans and Moral Values

Indo-Americans are Asian-Indian immigrants and

their progeny in America, and they provide a dynamic

modern-day example of assimilation. Our knowledge

about American-raised Indos’ lifestyle comes largely from

secondary sources, including essays on Indo-Americans.

Fenton reports that second generation Indo-Americans

are clearly exhibiting assimilation (200). The immigrant

parent generation and the American-raised second gen-

eration clash on ways to deal with this process.

Indian parents consider “moral issues” to be wor-

thy of cultural preservation. According to a nationwide,

random survey of Indian parents conducted by Little

India magazine, the decline in moral values is the most

important concern of Indian parents about the second

generation:  “Nearly four in 10 Indians identify moral

values of the second generation as their single most im-

portant concern” when immigrating to the U.S.

(Deshpande and Mehra).  “Moral values” include such

aspects as marriage, dating, dietary restrictions, alcohol

use, and drug use (Fenton 202). For Indo-Americans,

whose parents are fluent in English and who speak diver-

gent mother tongues, language usage is considered only

one of many variables in cultural preservation (Gawlick).

Indo-Americans provide a valuable example in un-

derstanding the effect of ethnic enclaves on assimila-

tion, because many Indo-Americans are so concerned

with preserving traditional moral values. Research has

been conducted on preservation of cultural, moral val-

ues of “The Old Country” in America. However, few

studies have identified variables that promote the pres-

ervation of traditional moral values. The present study

addresses this empirical gap. Research regarding the ef-

fect of ethnic concentration on preservation of that

ethnicity’s moral values has been neglected. Thus, there

is a profound need for such research.

The Present StudyThe Present StudyThe Present StudyThe Present StudyThe Present Study

It is widely believed that a larger population of Indo-

Americans in a community would positively affect the

preservation of Indian values in that community. Essays

by Indo-American writers and interviews of Indo-Ameri-

cans indicate this popular opinion (Dasgupta 61;

Gawlick; Rangaswamy 74). However, it is hypothesized

that there is a positive association between small Indo-

American communities and preservation of traditional

Indian culture. This hypothesis was tested by conduct-

ing a survey and analyzing the results.

The present study examined the effect of ‘Indo-

density’ on Indo-American college students’ behavior

and views. ‘Indo-density’ is a term coined in the present

study to refer to the population density of Indo-Ameri-

cans in a local community. Indo-Americans were sur-

veyed on their behavior, their views, and the Indo-den-

sity in their upbringing. For the participants of the study,

the number of Indo-Americans attending the partici-

pants’ high schools provided the basis for Indo-density
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as it could be used to derive the proportion of Indos in

the respondents’ neighborhoods.

Respondents of the survey were classified into

groups based on the Indo-density in their upbringing.

These groups were then analyzed in terms of their

assimilationist versus preservationist tendencies.

“Assimilationist tendency” is a term coined in the present

study to refer to behaviors and views aligned with mass

American culture. Here “mass American culture” is de-

fined by the average tendencies of American youth.

“Preservationist tendency” is a term coined in the

present study to refer to behaviors and views aligned

with traditional Indian culture. The cultural questions

focused on behaviors and views commonly associated

with moral values, such as marriage, dating, dietary re-

strictions, alcohol and drug use. While no empirical data

exist on which specific behaviors are considered cultur-

ally relevant, essays and personal interviews (Fenton 202-

8; Dasgupta 118-30; Pandit 106-14) point to the behav-

iors examined in this study.

Six questions identified assimilationist versus pres-

ervationist tendencies. An example of an assimilationist

tendency would be to support the practice of romantic

partners living together before marriage. A preservation-

ist tendency would be to oppose the practice of living

together before marriage. In traditional Indian culture,

living together before marriage is unheard of, while in

modern American society cohabitation is much more

common and more widely accepted (Fenton 202; Cohen).

The general hypothesis, that there is a positive as-

sociation between small Indo-American communities

and preservation of traditional Indian culture, can be

separated into three sub hypotheses:

   •   H1:  The percentage answering assimilationist

responses will be higher for high Indo-density

respondents than for low Indo-density respondents.

   •   H2:  The percentage answering assimilationist

responses will be higher for medium Indo-density

respondents than for low Indo-density respondents.

   •   H3:  The percentage answering assimilationist

responses will be higher for high Indo-density

respondents than for medium Indo-density

respondents.

M e t h o dM e t h o dM e t h o dM e t h o dM e t h o d

Participants

One hundred and fifty-nine Indo-American under-

graduate and graduate students (56 percent male, 44 per-

cent female) at The University of Texas at Austin were

respondents to the survey. In exchange for their partici-

pation, respondents received free pizza funded by the

Undergraduate Research Fellowship received by the re-

searcher. Eligibility for answering the survey was based

on ethnic background (all respondents had to be of full

South Asian background) and place of upbringing (all

respondents had to be primarily raised in North

America). Since all participants met these criteria and

followed the instructions of the survey, no data were

excluded from analysis.

Materials — survey design

The survey included two categories of questions to

test the primary hypothesis: (a) questions on behavior

or views and (b) questions on Indo-density. The survey

also included several other questions related to such is-

sues as arranged marriage, sub-culture ancestry, religious

and caste background, and marriage criteria. An analy-

sis of these issues is not described because they are un-

related to the hypothesis addressed in this paper, though

the data are available from the author. Explanation of

the two primary question types is as follows.

BEHAVIOR/VIEWS. The survey included six questions

on behavior and views. These questions (numbers 23 –

28) addressed the issues of dating/marriage, dietary re-

strictions, alcohol use, and drug use [SEE APPENDIX]. Each

question had five answer choices, thereby providing re-

spondents with a continuum of answer choices ranging

from extremely preservationist to extremely

assimilationist. For example, in the question concern-

ing the respondent’s perception of pre-marital intimacy,

the extremely preservationist answer choice stated that

pre-marital physical intimacy of any kind is inappropri-

ate, and the extremely assimilationist answer choice

stated that all forms of intimacy—including the biologi-

cal definition of intercourse—are appropriate.

INDO-DENSITY QUESTIONS.  The survey included 2

questions on the participants’ high school’s overall popu-
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lation and the high school’s Indo population.

In addition, I chose to identify other possible de-

terminants of the Indo-American students’ behavior and

views. The following variables were alternative explana-

tions for behavior and views:

   •   The participants’ travel to India

   •   The participants’ parents’ educational level

   •   The participants’ ability to speak Indian languages

   •   The participants’ penetration of relatives in

North America

Data analysis methods

An analysis was conducted comparing the percent-

age exhibiting assimilationist versus preservationist ten-

dencies among three different respondent groups:  low

Indo-density respondents (under 50 Indos in their high

schools), medium Indo-density respondents (between 50

and 150 Indos in their high schools), and high Indo-den-

sity respondents (over 150 Indos in their high schools).

The cutoff numbers (50 and 150) were picked not only

for their roundedness, but also because there were few

respondents who had Indo-density on the border of

these groups (such as respondents with 55 or 155 Indos

in their high school).

Forty-nine percent of the sample attended high

schools with fewer than 50 Indos. Among those with

fewer than 50 Indos in their high school, 64 percent

had high schools with fewer than 20 Indos. Those be-

tween 20 and 50 Indos tended to have very large high

schools, so functionally their Indo-density was low.

Twenty-four percent of the respondents had between

50 and 150 Indos in their high schools, and 27 percent of

the respondents had over 150 Indos in their high schools.

The comparison of these groups was accomplished

through a test of proportions.

For each question, the four or five answer choices

were collapsed into two broad categories—

assimilationist and preservationist. This collapse varied

from question to question, however in each question

the collapse was based on how far the answer choices

deviated from traditional Indian culture. No authorita-

tive cultural text exists on which answer choices could

be labeled “preservationist.”  The answer choices were

interpreted by applying the standards indicated by in-

terviews and writings of Indian parents and cultural lead-

ers (Gandhi 102-7, 137-48, 308, 415-9; Gangulay 117-35;

Fenton 202-8; Pandit 106-14; Pravananda 12-17, 131, 191-

6). The breakdown of which answer choices were con-

sidered “preservationist” and which were considered

“assimilationist” is provided in Table 1, and answer

choices are provided in the survey.

R e s u l t sR e s u l t sR e s u l t sR e s u l t sR e s u l t s

A test of proportions supports the thesis of this re-

search project that there is a positive association between

low Indo-density and preservation of traditional Indian

culture. On all six questions that concerned assimilation

versus preservation of cultural values, Indos from low

Indo-density communities had a smaller percentage an-

swering assimilationist responses than did the Indos from

TTTTTababababable 1le 1le 1le 1le 1       COLLAPSE OF ANSWER CHOICES*

Q #Q #Q #Q #Q # IIIII s s u es s u es s u es s u es s u e Answer ChoicesAnswer ChoicesAnswer ChoicesAnswer ChoicesAnswer Choices Answer ChoicesAnswer ChoicesAnswer ChoicesAnswer ChoicesAnswer Choices

23) Pre-marital sex D & E A, B, & C

24) Cohabitation A, B, & C D & E

25) Dietary restrictions A & B C & D

26) General drinking behavior A B, C, D, & E

27) Inebriation frequency A & B C, D, & E

28) Drug use A, B, & C D

Ass im i l a t i on i s tAss im i l a t i on i s tAss im i l a t i on i s tAss im i l a t i on i s tAss im i l a t i on i s t Preserva t ion is tPreserva t ion is tPreserva t ion is tPreserva t ion is tPreserva t ion is t

*See appendix for corresponding questions and answer choices
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high Indo-density communities. Thus, the primary find-

ings were the differences between these two groups, which

imply that Indos from low Indo-density communities

exhibit more preservationist tendencies than do their

peers raised in high-Indo density communities.

The low Indo-density respondents answered a

smaller percentage of the assimilationist choices than

did the high Indo-density respondents on all six ques-

tions. Of the differences in percentage on these ques-

tions, three out of six were statistically significant. Here

statistical significance implies that the differences in the

two groups’ percentages would occur by chance alone

no more than 1 out of 20 times. For the six questions,

Table 2 shows the differences between the two groups.

The “assimilationist percentage” is the proportion of

each group — low and high Indo-density — that exhib-

ited assimilationist tendencies in the issue questioned.

The p-value in Table 2 is the percent likelihood such a

large differences between the two groups would occur

by chance alone. P values less than .05 are generally con-

sidered to reflect statistically significant differences be-

tween groups. Thus the questions on general drinking

behavior, inebriation frequency, and drug use produced

significant differences between the low and high Indo-

density groups. The largest difference was found on the

two alcohol related questions. Questions on pre-mari-

tal sex, cohabitation, and dietary restrictions were not

associated with statistically significant differences,

though the results are in the direction predicted.

Those with medium Indo-density showed a medium

level of assimilationist tendencies on five of the six ques-

tions. That is, medium Indo-density respondents had a

higher percentage exhibiting assimilationist tendencies

than low Indo-density respondents, but a lower percent-

age exhibiting assimilationist tendencies than high Indo-

density respondents. The exception was question 23

concerning pre-marital sex, in which low Indo-density

respondents had a slightly higher share answering

assimilationist choices than did medium Indo-density

respondents (68 percent vs. 66 percent). The differences

between medium-level and low or high-level Indo-den-

sity respondents were not statistically significant.

D i s c u s s i o nD i s c u s s i o nD i s c u s s i o nD i s c u s s i o nD i s c u s s i o n

 The data support the general thesis by suggesting

that greater density of Indos is associated with assimila-

tion to mass U.S. culture in terms of moralistic behavior

(dating/marriage, dietary restrictions, alcohol use, and

drug use). Three of the six questions showed differences

between low and high Indo-density respondents that

were statistically significant. The three non-significant

differences showed the same pattern — a smaller per-

centage of the low Indo-density respondents exhibited

assimilationist tendencies compared with the high Indo-

density respondents.

Since medium level Indo-density respondents did

not have statistically significant differences from the

other two groups, the data do not suggest that Hypoth-

esis 2 (comparing medium and low Indo-density respon-

dents) and Hypothesis 3 (comparing high and medium

Indo-density respondents) are valid. However, in evalu-

ating the effect of the Indo-density variable, it is more

TTTTTababababable 2le 2le 2le 2le 2        DIFFERENCES IN ASSIMILATIONIST TENDENICES*

(Low - Indo)(Low - Indo)(Low - Indo)(Low - Indo)(Low - Indo)
Assimilationist %Assimilationist %Assimilationist %Assimilationist %Assimilationist %

23) Pre-marital sex 68% 83% .0628

24) Cohabitation 64% 75% .1836

25) Dietary restrictions 46% 55% .303

26) General drinking behavior 28% 58% < .001

27) Inebriation frequency 29% 58% < .001

28) Drug use 56% 77% .008

Q#    IssueQ#    IssueQ#    IssueQ#    IssueQ#    Issue
(H igh - Indo)(H igh - Indo)(H igh - Indo)(H igh - Indo)(H igh - Indo)

Preservationist %Preservationist %Preservationist %Preservationist %Preservationist % PPPPP - V a l u e- V a l u e- V a l u e- V a l u e- V a l u e

*See appendix for corresponding questions and answer choices
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important to focus on the differences between the

two extreme groups to see if any effect is present; that

is, Hypothesis 1 (comparing low and high Indo-den-

sity respondents) was more important than Hypoth-

esis 2 or Hypothesis 3 concerning the medium Indo-

density respondents. Medium level Indo-density re-

spondents would likely not display the differences so

profoundly, because in reality their upbringings are not

very different from either of the other two groups. In

contrast, low Indo-density respondents have true dif-

ferences in upbringing compared with the high Indo-

density respondents. That the medium Indo-density

respondents had medium proportions exhibiting

assimilationist tendencies is consistent with the gen-

eral hypothesis that there is a positive association be-

tween small Indo-American communities and preser-

vation of traditional Indian culture.

The conclusion that greater Indo-density is associ-

ated with more assimilationist tendencies does not nec-

essarily mean that greater Indo-density causes more as-

similation. The association could instead be the result

of reverse causation or endogenous third variables. First,

it could be that the causation works in the opposite di-

rection; that is, assimilationist tendencies caused the

respondents to move to higher Indo-density areas. Here,

however, reverse causation is unlikely because the

assimilationist respondents could not have forced their

families to move to high Indo-density areas before they

entered high school. Second, the data do not support

the existence of endogenous third variables that might

explain the relationship observed here between Indo-den-

sity and assimilation. For example, some possible expla-

nations would be that parents’ “educational levels” or “pen-

etration of relatives in North America” (the proportion

of the respondents’ extended family residing in North

America) tend to determine both place of residence and

how committed these parents are to instilling moral val-

ues. In fact, the data show that there were no differences

in penetration of relatives in North America or parents’

educational level between the assimilationist respondents

and preservationist respondents. Also, “frequency and

duration of vacations in India” “family’s educational

level,” “penetration of relatives in North America” and

“language-speaking abilities” were not predictive of the

respondents’ behavior in general. Analyses of the alter-

nate variables are available from the author.

Sociological Implications of FindingsSociological Implications of FindingsSociological Implications of FindingsSociological Implications of FindingsSociological Implications of Findings

 Why would greater Indo-density be predictive of

more assimilationist moral values?  Based on personal

observations of Indo-Americans, two explanations are

offered. First, Indo enclaves may give parents a false

sense of security with their children’s adherence to tra-

ditional culture. This false sense of security belies the

true nature of assimilation and may prevent the parents

from taking positive actions to rectify the situation.

Some Indian parents fallaciously believe that when their

children associate with other Indo-American children the

parents need not supervise their children’s behavior. Sec-

ond, Indo-Americans living in neighborhoods with few

Indos may feel more representative of their cultural heri-

tage. When an Indo-American is surrounded by few Indo

peers, he may feel as though he should symbolize his com-

munity by adhering to the cultural moral norms of India.

In contrast, Indo-Americans surrounded by many other

Indo-Americans might not feel the same burden.

This paper does not posit that Indo-density is the

primary factor determining assimilationist versus pres-

ervationist tendencies. Personalities and natural talents

of the respondents matter as well. For example, some-

one with a rebellious personality might be more likely

to go against the cultural norms of his parents. There

may also be effects associated with how parents raise

their children. Performing religious rituals, establishing

good parent-child relationships, and overseeing children’s

behavior may affect preservation of cultural morals.

This paper also does not suggest that the variables

measured in this study (dating/marriage, dietary restric-

tions, alcohol and drug use) or the interpretations of

answer choices in this study are the only true measures

of Indian culture. Indian culture varies considerably,

and people may apply varied interpretations of what

tendencies would be considered “assimilationist.”  This

study focuses only on what Indian immigrant parents

would consider as important variables and

“assimilationist” tendencies.
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Future Research on This SubjectFuture Research on This SubjectFuture Research on This SubjectFuture Research on This SubjectFuture Research on This Subject

 Future investigations should attempt to explain why

greater Indo-density is associated with cultural assimi-

lation. There may be endogenous variables that affect

both Indo-density and cultural assimilation. I recom-

mend studying the personality types of parents who

choose to live in ethnic enclaves. Perhaps people of cer-

tain personalities desire to live among people of their

own ethnicity, but these people do not wish to instill

traditional culture in their children.

Future research should also consider what is it about

living in Indo enclaves that might reduce adherence to

traditional culture. It is unlikely that the non-Indos in

these communities are somehow different from the non-

Indos in other parts of the country. There is likely some-

thing about parental and peer relationships for enclaved

Indo youth that differ from such relationships for non-

enclaved Indo youth. Future research should study the

dynamics of Indo enclaves.

Finally, ethnologists should study enclaves of vari-

ous cultural groups to see if the findings of the present

study would be replicated in other cultural groups. The

association discovered in the present study may be id-

iosyncratic to the Indo-American community, so a study

of other cultures may lead to a better understanding of

assimilation. As they conduct such studies, researchers

should consider measures of assimilation other than lan-

guage. Ethnic enclaves naturally support traditional lan-

guage, dance, music, food, etc. because of the greater

opportunity to share such items in the community. How-

ever ethnic enclaves may not help preserve traditional

values, lifestyle choices, and viewpoints.

AAAAAppeppeppeppeppendix ndix ndix ndix ndix       SURVEY EXCERPT

23) 23) 23) 23) 23) What leWhat leWhat leWhat leWhat level of prvel of prvel of prvel of prvel of pre-marital physical intimacy do ye-marital physical intimacy do ye-marital physical intimacy do ye-marital physical intimacy do ye-marital physical intimacy do you thinkou thinkou thinkou thinkou think
yyyyyou wou wou wou wou would could could could could consider puronsider puronsider puronsider puronsider pursuing? (NOTE: the questionsuing? (NOTE: the questionsuing? (NOTE: the questionsuing? (NOTE: the questionsuing? (NOTE: the question
asks not what yasks not what yasks not what yasks not what yasks not what you have done, but what behaviorou have done, but what behaviorou have done, but what behaviorou have done, but what behaviorou have done, but what behaviors ys ys ys ys yououououou
wwwwwould could could could could consider)onsider)onsider)onsider)onsider)

A)   Pre-marital physical intimacy of any kind is inappropriate
B)   Kissing, holding hands, and hugging only
C)   In addition to ‘B,’ everything except any intimacy involving the

primary sexual organs
D)   Any level of intimacy after ‘B’ except for the biological

definition of intercourse
E)   The biological definition of intercourse

24) Please cir24) Please cir24) Please cir24) Please cir24) Please circle the lettcle the lettcle the lettcle the lettcle the letter that best exer that best exer that best exer that best exer that best exemplemplemplemplemplifies yifies yifies yifies yifies your vieour vieour vieour vieour viewswswswsws
on lon lon lon lon living with a mativing with a mativing with a mativing with a mativing with a mate before before before before before marrie marrie marrie marrie marriage.age.age.age.age.

A)   It is ok with me, and I strongly hope to do so.
B)   It is ok with me, and I will certainly consider it in the future.
C)   It is ok with me, but I will try to avoid doing so.
D)   I do not like the idea, but I might consider it in the future.
E)   I do not like the idea at all for me.

25) I25) I25) I25) I25) If some of yf some of yf some of yf some of yf some of your grour grour grour grour grandparandparandparandparandparents prents prents prents prents practicacticacticacticacticed red red red red releleleleligiousigiousigiousigiousigious-based-based-based-based-based
dietardietardietardietardietary ry ry ry ry restrictions, (veestrictions, (veestrictions, (veestrictions, (veestrictions, (vegetarigetarigetarigetarigetarianism, Ranism, Ranism, Ranism, Ranism, Ramadan fasting,amadan fasting,amadan fasting,amadan fasting,amadan fasting,
etetetetetc.) please select the statc.) please select the statc.) please select the statc.) please select the statc.) please select the statement that exement that exement that exement that exement that exemplemplemplemplemplifies yifies yifies yifies yifies yourourourourour
and yand yand yand yand your famiour famiour famiour famiour familllllyyyyy’’’’’s dietars dietars dietars dietars dietary behavior:y behavior:y behavior:y behavior:y behavior:

A)   I do not follow any religious-based dietary restrictions
whatsoever, and neither do my parents.

B)   I do not follow any religious-based dietary restrictions
whatsoever, but at least one of my parents does.

C)   I follow only some dietary restrictions or I limit the consump-
tion of restricted foods.

D)   I completely follow all dietary restrictions.

26) I26) I26) I26) I26) Indicatndicatndicatndicatndicate which state which state which state which state which statement best exement best exement best exement best exement best exemplemplemplemplemplifies yifies yifies yifies yifies yourourourourour
behavior as perbehavior as perbehavior as perbehavior as perbehavior as pertains ttains ttains ttains ttains to alco alco alco alco alcohol cohol cohol cohol cohol consumption.onsumption.onsumption.onsumption.onsumption.

A)   When I drink alcohol, I do so to become inebriated.
B)   When I drink alcohol, it is only to get a light buzz.
C)   I drink alcohol because I like the taste, but not to experience

other effects.
D)   I will only consume alcohol under extreme peer pressure, and

even then I drink very little.
E)   I have not consumed alcohol.

27) I27) I27) I27) I27) If yf yf yf yf you have becou have becou have becou have becou have become inebriome inebriome inebriome inebriome inebriatatatatated, please select theed, please select theed, please select theed, please select theed, please select the
statstatstatstatstatement that best exement that best exement that best exement that best exement that best exemplemplemplemplemplifies yifies yifies yifies yifies your four four four four frrrrrequency ofequency ofequency ofequency ofequency of
inebriinebriinebriinebriinebriation.ation.ation.ation.ation.

A)   I become inebriated very often — on many weekdays and
almost every weekend.

B)   I become inebriated on many weekends and on most special
occasions.

C)   When I become inebriated it is only on special occasions or a
few weekends each semester.

D)   I become inebriated no more than once or twice each semester.
E)   I have only been inebriated once.

28) H28) H28) H28) H28) How do yow do yow do yow do yow do you feel about you feel about you feel about you feel about you feel about your use of drour use of drour use of drour use of drour use of drugs that arugs that arugs that arugs that arugs that are ie ie ie ie illllllelelelelegalgalgalgalgal
in the Uin the Uin the Uin the Uin the U.S.S.S.S.S. (not including alc. (not including alc. (not including alc. (not including alc. (not including alcoholoholoholoholohol)?  (select one lett)?  (select one lett)?  (select one lett)?  (select one lett)?  (select one letter)er)er)er)er)

A)   I have no problem with possibly experimenting with all types of
drugs (even less popular ones such as acid), and Ihave no
problem with using other more popular drugs recreationally
(example: marijuana)

B)   I do not like the idea of experimenting with “harmful” drugs
such as acid or cocaine, but I have no problem with using less
harmful drugs recreationally (example: marijuana)

C)   I am fine with experimenting with less harmful drugs (example:
marijuana), but not using them regularly.

D)   I am completely against the regular use or experimentation of
all illegal drugs.
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n 1997 Robert Merton and Myron Scholes received the Nobel

Prize in Economics for their discovery of “a new method to

determine the value of derivatives.” Almost 25 years earlier, Scholes

had worked with Fischer Black to come up with equations to de-

scribe option pricing (Ferreyra). Options are traded on the stock mar-

ket similarly to how stocks are traded, but options are actually con-

tracts. We studied the Black-Scholes inequality and developed nu-

merical schemes to find its solution. The first half of this paper shows

how to derive the Black-Scholes differential inequality we studied,

and the second half is about the techniques we used to find nu-

merical solutions.

           Lots of people in the stock market want to make a quick buck;

they want to get in and out quickly with a large profit. Their strategy is
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 “buy low, sell high,” or sell shares at the optimal time. To

make money with options, you need to exercise (explained

below) at the most optimal time. The ultimate goal of

our project was to find the optimal time to exercise an

option; if you know differential equations, you may rec-

ognize our problem as a free boundary problem. Options

are widely traded on the stock market, and they have the

potential for great gains or great losses.

Background ConceptsBackground ConceptsBackground ConceptsBackground ConceptsBackground Concepts

An option is a contract to buy or sell an underlying

asset, such as stocks, at a specified time, called the ex-

piry, for a specified price, sometimes called the strike

price. Two types of options are American and European.

European options can only be exercised at the expiry,

but American options can be exercised at any time up

until expiry. Solutions for values of European options

can be found in closed form, meaning there exists an

explicit formula (Wilmott 49). Because American op-

tions can be exercised prior to their expiry, the solu-

tions are much more complex and cannot be found in

closed form: the values must be found numerically.

The two types of options are calls and puts. A call

is an option to buy an asset. For example, if you bought

an American call, you would have the right to exercise

that call anytime until its expiry. If you exercise the call,

you will buy a specified amount of stock for a specified

price from the person who sold you the contract.

A put is an option to sell an asset. If you bought an

American put, you would have the right to exercise it

until its expiry. If you exercise the put, you would be

selling a specified number of shares of stock at a speci-

fied price to the person who sold you the contract.

One way to think about potential profit from an op-

tion is to look at a payoff function. Payoff functions de-

scribe the amount profited at expiry given different val-

ues of the asset or stock price, S. The exercise price is

denoted by E. Consider the American call: if the current

market price, S, is greater than the exercise price, E, it

makes sense to exercise the option. You can buy shares

for E dollars and sell them for S dollars, clearing a profit

of S-E. If S < E, however, exercising the option would

mean paying more than the current market price for the

shares of stock. Therefore, if S > E. the profit is S-E. If S

< E. the profit is 0. Combining this into one equation gives

the payoff function for an American call: max(S-E,0).

Similarly, the payoff function for an American put

is max(E-S,0). If the market price S is less than the price

specified in the option, you would gain a profit by exer-

cising the option. Upon exercising the option, you would

have to buy the stock at S dollars per share and sell it at

E dollars. This yields a profit of E - S dollars. If, how-

ever, S > E, you would not want to sell the stock by exer-

cising the option.

To find a way to model option prices, it is necessary

to find a way to describe the change in a stock price. Let

dS denote the change in the stock price, S, of a particu-

lar stock over a very short period of time. Let dt denote

this short time interval.

We will assume the stock has some average growth

rate,

,

so the stock price will change by μSdt. This unit time

could be measured in hours, days, weeks, etc. When we

found solutions, we measured μ in terms of days.

A stock price will not change solely based on its

average growth rate, so there is some volatility of the

price. Let σ be the measurement of this volatility, which

is the standard deviation of returns. A stock’s return is

 .

It is not possible to know where the stock market

is going tomorrow, so a random variable is also used to

describe these unknown changes. Let X be a random

variable with mean 0 and standard deviation 1.   Because

X is a random variable, it is used to model random events.

If a new president were elected or there were some sort

of national disaster, the stock market would probably

be affected; X accounts for these events. The contribu-

tion to the change in a stock’s price from its volatility

and the random variable X is σSdX.

The equation showing the total change in an asset

price is

(2.1)
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The value of an option is dependent on the time to ex-

piry and the value of the underlying asset. Let V denote

the value of an option, either a call or a put. V is a func-

tion of S and t (that means it depends on both S and t).

As before, it is helpful to consider how V is going to

change over a small time interval dt. dV denotes the

change in V. A Taylor Series expansion will be used to

model dV. A Taylor expansion is a way to write a func-

tion as an infinite sum; they are useful in making ap-

proximations. Although the Taylor expansion is an infi-

nite sum, only the first few terms are kept. It may seem

a little surprising that only the first few terms of an infi-

nite series are being used as an approximation. The terms

not being kept are much smaller than the ones being

kept. By simplifying the Taylor expansion, it is easier to

arrive at solutions. Here is the expansion for dV.

(2.2)

Substituting 2.1 into 2.2 and rearranging terms leads to

(2.3)

Now that we have equations for the change in the asset

price and the change in the option value, this informa-

tion can be combined to describe the change in value of

a portfolio. A portfolio is a collection of assets; in this

case, we will consider a portfolio consisting of an op-

tion and shares of stock. Let Π = V - ΔS, where Π is the

value of the portfolio, V is the value of the option, -Δ is

the number of shares owned of the underlying asset, and

-Δ may be fractional. The value of A will be determined

later. The change in the value of the portfolio is given by

(2.4)

where δ
0
 is the dividend rate. Dividends are paid to stock

holders, and their amount is dependent on the asset price

and the number of shares the owner holds. For compu-

tational purposes, we assume that the dividend rate is

constant and does not change over time. This is not al-

ways the case for real dividend rates, but it is an OK

assumption to make.

Substituting 2.1 and 2.3 into 2.4 leads to

(2.5)

Notice that if Δ = ∂V/∂S, the first term is 0. This is

the only term that has dX in it, so removing this term is

essentially removing the randomness from the formula

for dV. Removing the randomness means dΠ is com-

pletely deterministic (knowing the value at one time

means knowing the value at all future times). To remove

this random term, Δ will have the value ∂V/∂S. This value

of Δ will also make the only term involving μ disappear

from the formula for dΠ also. Thus, dΠ simplifies to

( 2.6)

By constantly holding Δ shares of the asset in your

portfolio, you would be guaranteed a risk-free return.

Realistically, you would lose a lot of money because you

would have to constantly readjust your portfolio and pay

brokerage fees for every transaction.

Ignoring brokerage costs, this seems like a great way

to make money. There is no risk associated with the

portfolio, so it might seem that picking the right stocks

would ensure a huge profit. But, this is not the case.

The arbitrage principle states that the best return you

could get in a risk free portfolio is the rate of return you

would get by putting your money into a bank. Interest

from a bank is determined from the amount of money

in the bank account and the interest rate, r. So, the

change in the portfolio value has to be rΠdt. Recall

Π = V – ΔS = V – (∂V/∂S) S, so

(2.7)

Rearranging equation 2.7 leads to the following.

(2.8)

Equation 2.8 is the Black-Scholes equation for a Euro-

pean option.

Because the American option can be exercised

Bold, Chen, and Dutzmann
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early, the Black-Scholes equation is an inequality for

an American option.

(2.9)

Equation 2.9 is in its final form and finding its solutions

is the focus of the rest of this paper. For the rest of this

paper, only American puts are considered. For informa-

tion on how to find the formulas for solutions, see our

complete paper online (Bold, Chen, and Dutzmann).

Finding a solution to the above inequality would

mean finding the optimal time to exercise the option.

While knowing the optimal time to exercise the option

will not necessarily make you a lot of money, it may help

you avoid losing money.

Solutions to the Black-Scholes InequalitySolutions to the Black-Scholes InequalitySolutions to the Black-Scholes InequalitySolutions to the Black-Scholes InequalitySolutions to the Black-Scholes Inequality

for an American Putfor an American Putfor an American Putfor an American Putfor an American Put

As was mentioned before, solving the Black-Scholes

Inequality would lead to the solution of the optimal time

to buy. Equation 2.8 does have a relatively easy solution,

but there is not an easy solution to Equation 2.9. Be-

cause we could not get closed form solutions (closed form

solutions are functions in which you can relatively eas-

ily plug in variables to get an answer) for the Black-

Scholes inequality, we had to approximate solutions.

Recall that V, the option value, is a function of S and t.

We could not find solutions of V for all S and t, but we

were able to find solutions at discrete values of S and t.

The possible values of S are the realistic values a stock

price will have over time. For a stock currently priced at

$90, we could expect it to stay within the range from

$0 to $200 for the length of the option (usually several

months). We will call the endpoints of this interval ε
and d. ε cannot be chosen to equal zero because this

would result in division by 0. Thus, ε is chosen to be

some small number close to 0. For our calculations, we

chose ε = 0.1. When looking at a stock priced at $90, we

chose d = 200. The possible values of t are from 0 (mean-

ing right now) to T (the expiry time).

To approximate the value of the option over these

intervals, we made a mesh of points in these intervals.

Each mesh point corresponds to a particular S value (K)

at a particular time (t). A fine mesh of at least several

hundred points, meaning several hundred possible S val-

ues and several hundred possible t values, is necessary

for accurate solutions.

Values of an option are denoted by αK
(n,t) where K

denotes the asset price and t denotes the time. Solu-

tions are found through an iterative process (meaning

the same process repeats many times), and n denotes

which iteration is being considered.

After using techniques from differential equations

(a variational inequality), we reduced the Black-Scholes

Inequality to a different problem. The values of α
K

(n,t) in

the following equation are the solutions to the Black-

Scholes Inequality.

(3.1)

where y ≥ max(E - K, 0).

The solution for α
K

(n,t) is

(3.2)

While this is the formula for a put, the solution for a

call is very similar.

Now, the hardest part of the work is done. We spent

a lot of time getting to this point and understanding

how to come up with that equation as the solution. The

one equation for α
K

(n,t) will be used over and over again

to find the solution to the Black-Scholes inequality. To

use it over and over again, we designed a computer pro-

gram in C++ to do the repetitive work.

Finite Iterative SchemesFinite Iterative SchemesFinite Iterative SchemesFinite Iterative SchemesFinite Iterative Schemes

In implementing the formulas for solutions, we

made two different schemes (two different ways for the

computer to find solutions). Although these schemes

are used a lot in numerical analysis, we arrived at them

on our own after some direction from our professors.

The first scheme we used was Domain Decomposition.

That this scheme gives correct solutions has been

proved. The second scheme we used was the Full Multi-

grid. There is no proof that this scheme finds the correct

solutions, but it appears to. The Full Multigrid scheme is

much faster than the Domain Decomposition scheme.
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4.1. Domain Dec4.1. Domain Dec4.1. Domain Dec4.1. Domain Dec4.1. Domain Decompoompoompoompoomposition.sition.sition.sition.sition. As was described

earlier, the finite scheme iterates through a mesh of points

ranging from some ε to some d, where ε and d are chosen

to be fixed to the payoff function (the payoff function for

a put is max(E - S,0)). The iteration continues for each

time step until the values at the mesh point have con-

verged, at which point the method moves on to the next

time step. In this section, it will be demonstrated how this

scheme is implemented. At least under certain circum-

stances, this finite scheme does indeed converge, although

the accuracy of the scheme’s approximation to the true

Black-Scholes solution has not yet been tested (Bold, Chen,

and Dutzmann). Values of the solution are found at suc-

cessive time steps by iterating through all of the points

until they are changing by less than some specified amount

(such as 10-9). The first few iterations will go as follows:

StStStStStep 0:ep 0:ep 0:ep 0:ep 0: α
K

(0,t0) given values of max(E - S,0), the

payoff function

StStStStStep 1:ep 1:ep 1:ep 1:ep 1: α
K

(1,t0) all mesh points get a new value

based on the formula for α
K
; the points are

evaluated from left to right

StStStStStep 2:ep 2:ep 2:ep 2:ep 2: α
K

(2,t0) all mesh points get a new, more

accurate value; they are again evaluated from

left to right

StStStStStep n:ep n:ep n:ep n:ep n:  α
K

(n,t0) after n iterations. the points will

change by less than some specified amount,

and they will be considered fully converged

StStStStStep n+1:ep n+1:ep n+1:ep n+1:ep n+1: α
K

(0,t1) given values from α
K

(n,t0)

… the process continues for all time steps, and the val-

ues at each time step are fully converged before the next

time step is started

This process continues through the specified num-

ber of time steps. If it ever takes more than a specified

number of iterations (several tens of thousands) to con-

verge, the computer program will stop and say the val-

ues are not converging. This is typically not a problem

with our code, and we have gotten realistic option values.

4.2. F4.2. F4.2. F4.2. F4.2. Fululululull Ml Ml Ml Ml Multigrid. ultigrid. ultigrid. ultigrid. ultigrid. We also developed a more

efficient (fewer iterations needed for full convergence)

numerical scheme, the full multigrid, for our calcula-

tions, but we have no proof this scheme converges.

Values from the full multigrid method agree with val-

ues from the domain decomposition method, of which

we have proof of convergence.

The full multigrid scheme uses sequentially finer

meshes to approximate solutions. The first mesh con-

tains only three points: the two endpoints midpoint (ε,

d) and the midpoint (ε + d)/2. The midpoint’s initial value

is the average of its two neighboring points. Only one

iteration is needed to get a fully converged value of the

midpoint. In the second interval, two new mesh points

are added, as shown in the following diagram.

Vertical lines denote original values from previous

iterations, and circles denote new points with original

values being the average of the two neighboring points.

When new points are added, the mesh is iterated

until fully converged values are found. This iteration is in

the same manner as for domain decomposition; solutions

are found using the formula for α
K
 from left to right.

When fully converged values are found, new mesh points

are introduced (one new point in between every pair of

old points). This is continued to any desired number of

mesh points. At any one level there are 2n + 1 points, so n

does not need to be very large for an ultimately fine mesh.

The full multigrid method took about 2/3 as many itera-

tions as the domain decomposition method.

C o n c l u s i o nC o n c l u s i o nC o n c l u s i o nC o n c l u s i o nC o n c l u s i o n

The goal of our project was to find the value of an

option at any point up to expiry, and from that infor-

mation to find the optimal time to exercise the op-

tion. We used a variational inequality to formulate a

solution and designed two computer programming

schemes to find numerical solutions. For us, the ap-

peal of the project was not in finding out which stocks

to buy, but rather the mathematical and computational

aspects. We would not advise you to pick your options

and exercise them based on numerical data.

Future work on this project includes finding more

efficient programming schemes and alternative ways to

solve the problem theoretically.

Level 1:Level 1:Level 1:Level 1:Level 1:
1 new, 3 total1 new, 3 total1 new, 3 total1 new, 3 total1 new, 3 total

Level 2:Level 2:Level 2:Level 2:Level 2:
2 new, 5 total2 new, 5 total2 new, 5 total2 new, 5 total2 new, 5 total
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espite being among the most well watered countries on

earth, Bangladesh suffers from major shortages of pure

drinking water. As a result, over 40% of the nation’s 133 million people

must rely on arsenic-contaminated, hand-pumped, tube-well water

for drinking and cooking. Drinking and ingestion of arsenic-con-

taminated water by such a large populace may be the largest mass

poisoning in human history. Arsenic is very hazardous to humans

and immediate efforts must be made in order to mitigate its impact.

Existing studies on arsenic-contaminated drinking water in

Bangladesh deal with sources of the arsenic, its impacts, and op-

tions for addressing the contamination. Both geo-chemical and hu-

man-induced sources release arsenic into the drinking water of

Bangladesh. When oxidized, naturally occurring pyrite minerals re-

lease arsenic into underground water (Das et al. 7). Oxidation of

An Example of Arsenic Contamination of Drinking Water in Bangladesh



 pyrite occurs as human-induced depletion of the ground

water table (by crop irrigation, and the diversion of the

Ganges River water by India) allows oxygen to rise to

the pyrite layer of the bedrock (Nickson et al. 405).

The health effects of arsenic ingestion appear in

about 5 to10 years, initially as skin lesions. Its dose-de-

pendent hazardous impacts include internal cancer, in-

terference in DNA replication, chromosomal aberra-

tions, and death (Smith). While its hazardous impacts

are still being discovered, various methods of mitiga-

tion of arsenic contamination in drinking water are also

being tried. These methods of arsenic mitigation include

the following: pond-sand-filter (PSF) using pond water,

low-pressure nano-filteration, and conventional co-pre-

cipitation method using ferric chloride, lime softening,

activated allumina as well as membrane filtration.

While there is extensive research on arsenic mitiga-

tion techniques, the socio-economic dimensions of the

arsenic hazard mitigation are yet to be examined. Arsenic

mitigation involves coping with the hazard and requires

increased public awareness, community participation, and

intervention by the government and non-governmental

organizations (NGOs) (Paul). As these interventions are

external forces to these rural societies, community par-

ticipation and societal response to the hazard emerge as

the most important internal components of the mitiga-

tion process, which involves monetary expense to pur-

chase technology needed to reduce the Arsenic.  Aware-

ness and perception of the hazardous impacts of arsenic

contamination in drinking water on public health play a

very important role in increasing community participa-

tion in the mitigation process so that Bangladeshi citi-

zens will be willing to bear the cost of the mitigation tech-

nology.  However, public awareness of the arsenic con-

tamination hazard and the level of community participa-

tion vary across Bangladesh as well as across socio-eco-

nomic cross-sections of the rural community.  Therefore,

this forms an important topic for geographic research,

which has not yet been undertaken in Bangladesh.

The objective of this study is three-fold. First, it aims

to assess the Bangladeshi people’s knowledge and per-

ception of the arsenic hazard and its mitigation options,

and thus explores the extent of public awareness of the

hazard.  Second, it analyzes the socio-economic condi-

tions of the affected people and their level of awareness

of the health hazard by arsenic contamination. Finally, it

explores the different levels of community participation

by analyzing the household response to the cost of the

mitigation options and willingness to pay for the cost.

Study Area, Data, and MethodStudy Area, Data, and MethodStudy Area, Data, and MethodStudy Area, Data, and MethodStudy Area, Data, and Method

The present study was conducted in five villages

selected from five districts in western and southwest-

ern Bangladesh. Earlier studies done by the British Geo-

logical Survey revealed that large numbers of hand pump

tube wells in each village were contaminated with toxic

levels (>0.05 mg/l) of naturally released underground ar-

senic and that there are growing numbers of patients

showing the symptoms of arsenic poisoning.  The vil-

lages (Rajarampur in Nawabganj, Samta in Jessore, Fingri

in Satkhira, Kanchanpur in Khulna, and Taltala-

Lakshipasha in Narail) vary from each other in terms of

the amount of arsenic present in drinking water, num-

bers of tube-wells contaminated, number of arsenic vic-

tims per 1000 people, and socio-economic conditions of

their residents, thus forming unique conditions to study

arsenic hazards and its mitigations (Table 1).*

Data was collected through detailed fieldwork con-

ducted during the summer of 2001. A total of 243 sample

households were selected and surveyed from five villages

by a group of five research assistants over a period of two

months. A detailed questionnaire was used to conduct

the interview with the head of each household. The ques-

tionnaire contained questions regarding the sources of

drinking water, socio-economic conditions of the house-

hold, perception of arsenic contamination of drinking

water, and willingness to participate in the mitigation

process.  The sample households were selected randomly

by giving the questionnaire to every third household (i.e.,

33%) from a major central point in the village. All the ques-

tions were asked in Bengali since most villagers did not

speak nor understand English. Data was cross-tabulated

and interpreted to explore the respondents’ knowledge and

perception of the arsenic hazard, its mitigation process,

and its variation among various socio-economic groups.
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R e s u l t s :R e s u l t s :R e s u l t s :R e s u l t s :R e s u l t s :

Risk of Arsenic HazardRisk of Arsenic HazardRisk of Arsenic HazardRisk of Arsenic HazardRisk of Arsenic Hazard

The five villages studied are located in different

ecosystems where, due to increased irrigation and di-

version of the Ganges River water by India, variable rates

of depletion of the underground water tables resulted

in a variable level of arsenic release in tube well water.

In all five villages residents rely on tube-well water sup-

ply for drinking and cooking purposes and use pond and

well water for washing and bathing. Drinking water con-

taminated with <0.05 mg/l of arsenic may not be hazard-

ous to humans. Alarmingly, tube-wells in four out of five

villages under study were found to be contaminated with

>0.05 mg/l, which is a great concern for their residents.

Each of the five villages had some degree of risk of

the arsenic hazard, as indicated by the amount of ar-

senic present in the drinking water supply, the number

of tube wells contaminated, and the number of victims

per 1000 people (Table 1). Virtually all sample residents

are knowledgeable about the problem of arsenic con-

tamination of drinking water and about their risk or

exposure to the arsenic hazard. However, despite their

willingness to participate in any arsenic mitigation efforts,

poor illiterate farming and wage laborer households with

few resources and limited access to alternate water puri-

fication technology are at greater risk than the literate

middle-to high-income business and servicemen house-

holds for exposure to arsenic.

The northwestern village of Rajarampur shows very

high risk of arsenic hazard as almost one-half of its tube-

wells are contaminated with very high level of arsenic

(.831 mg/l) that affected 37 people per 1000 residents. In

this village, mostly the poor and illiterate farmers and

wage laborers are at greater risk of arsenic hazard as re-

vealed from the fact that large number of arsenic vic-

tims belong this socio-economic class (Table 1). Another

high-risk village is Samta, in which one-third of the vil-

lage tube wells are contaminated with high quantities

of arsenic (0.35 mg/l) that affected a staggeringly large

number of people (95 people per 1000 residents). This

is a poor village where the majority of the residents earn

less than Taka 5000 per month from farming and as wage

laborers. Unfortunately, the numbers of arsenic victims

are greater among the poor and illiterate farmers.

The village of Kanchanpur in Khulna district has

somewhat moderate risk of arsenic hazard.  Despite the

fact that most of the tube wells (>85%) were contami-

nated with moderate levels of arsenic (0.066mg/l), only

10 people per 1000 residents were infected by arsenic-

borne skin lesions. Most of the residents in this village

are literate and engaged in small business and service to

earn a very low monthly income (<Taka 5000).

Low risk of arsenic hazard was found in the village

Fingri where almost one-half of the tube wells were con-

taminated with very low levels of arsenic (0.04mg/l). How-

ever, there were no reported cases of arsenic poisoning in

this village. The residents of this village are comparatively

wealthier than the other villages described above. Most

sampled respondents are literate and engaged in business

and service and earn over Taka 5000 per month.

Very low risk of arsenic hazard was found in the

village Taltala, where only 14% of the village tube-wells

are contaminated with low quantities of arsenic.  No

victims had yet been reported. This village is compara-

tively prosperous as majority of the sampled households

are literate and have high monthly income from busi-

ness and service. From the village level risk assessment

of arsenic hazard, it appears that all the five villages un-

der study have risk of arsenic hazard and the poor illit-

erate residents are at greater risk of the hazard. Literate

and wealthier residents have better access to the infor-

mation on the arsenic hazard and resource to obtain

arsenic free drinking water which may have put them at

low risk to the hazard. While various geo-chemical and

human-induced factors are responsible for the regional

variability of arsenic contamination of tube-wells, vari-

able socio-economic conditions of the village residents

have influenced their knowledge, awareness, and per-

ception of arsenic hazard, as well as their ability and

willingness to cope with it through mitigation processes.

Knowledge and Perception of Arsenic HazardKnowledge and Perception of Arsenic HazardKnowledge and Perception of Arsenic HazardKnowledge and Perception of Arsenic HazardKnowledge and Perception of Arsenic Hazard

The incidence of arsenic contamination of drink-

ing water has been a widespread problem in recent years

in Bangladesh in general and in the areas studied in par-

ticular. Most of the residents in the five sampled vil-
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lages possess fair knowledge of arsenic contamination

of tube-well water on which they must rely for drinking

and cooking. However, their view of the chemistry of

arsenic and its impact on humans differed significantly.

About one-half of the sampled respondent viewed it as a

poison, the remaining people identified it as a disease,

and virtually all of them recognized it as a cause of skin

lesions because that is the most common symptom shown

by the arsenic victims.

The knowledge of arsenic hazard and its impact on

human health depended on the village risk levels, types

of impacts experienced, and socio-economic conditions

of the respondents (Table 2 and 3). For example, in

Rajarampur village, where the risk level is very high, and

most of the victims suffer from skin lesions, 95% of the

respondents identified arsenic as a poison that causes

skin lesions. In Samta, where the risk level is also very

high and the victims commonly suffer from both skin

lesion and cancer, the knowledge of arsenic hazard is

mixed: 34% respondents referred to it as a poison and

56% identified it as a type of disease; and both groups

recognized it as a cause of skin lesions and cancer. Also,

somewhat mixed knowledge was found among the three

low risk villages of Fingri, Taltala, and Kanchanpur where

there are either no victims or few victims reported. Re-

spondents from these three villages viewed arsenic as a

poison and is found in drinking water from tube-well;

drinking arsenic contaminated water is harmful and may

cause white spots on human skin. Absence of victims in

these villages actually blurred its residents’ perceptual

knowledge of the hazard.

The sampled respondents also differed in terms of

known years of the arsenic problem and a media to ac-

quire the knowledge. From the sample data, it was re-

vealed that the majority of the respondents knew about

the arsenic contamination of drinking water for the last

2 years as more and more people get affected by the

poisoning. Most people in the study villages learned

about the hazard through mass media such as radio, tele-

vision, and government and NGO sponsored publicities.

Regardless of their socio-economic conditions, most re-

spondents perceived the arsenic contamination of drink-

ing water as a natural hazard that causes too much suffer-

ing and death in their village (Table 2 and 3). Their knowl-

edge and perception of the arsenic hazard forced the vil-

lage residents to search for its mitigation procedure.

Societal Response to Arsenic MitigationSocietal Response to Arsenic MitigationSocietal Response to Arsenic MitigationSocietal Response to Arsenic MitigationSocietal Response to Arsenic Mitigation

A very high percentage of sampled respondents in

all five villages had knowledge about water purification

and various arsenic mitigation procedures and options

(Table 4). Some of the common options known to respon-

dents were water filtering, use of deep tube well water,

collection and use of rainwater, and the uses of ponds

and well water. Over 80% of the respondents in all five

villages knew that water filtering and the use of deep tube

wells are safe methods of arsenic mitigation. Less than

10% knew that open surface water such as pond, well, and

rainwater should be arsenic free; regardless, they resisted

using these sources for drinking and cooking because of

the possibility of some other type of contamination.

Only a few active government and non-government

organization (NGO) supported arsenic mitigation

projects were found in all five villages and most sampled

respondents reported that no body is making any attempt

to mitigate arsenic contamination (Table 4). Virtually all

respondents, regardless of their socio-economic condi-

tions, preferred to receive more government and NGO

support to address the arsenic contamination. They were

willing to participate in the mitigation projects despite

the possibility of their monetary involvement in such

projects. Some would prefer to pay the cost of arsenic

mitigation as per their financial ability: about 20% of re-

spondents were willing to pay up to Taka 200 per month

to receive arsenic-free water and a few rich service and

businessmen households were willing to spend as much

as Taka 500 or more per month for the safer drinking

water supply. Poor, less-educated, and farming and laborer

respondents preferred not to pay and insisted that the

government and NGO should take more responsibility

to assure the supply of arsenic-free water for the country.

C o n c l u s i o nC o n c l u s i o nC o n c l u s i o nC o n c l u s i o nC o n c l u s i o n

The study is significant in two ways. First, it has

collected a data set containing information on socio-

economic conditions of the users and victims of the
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arsenic-contaminated drinking water from variable geo-

graphic conditions. It has also collected information on

people’s awareness of risk, mitigation processes (which

involves monetary cost) and variations in willingness to

participate depending on socio-economic conditions.

The results of the study suggest that the incidence of

arsenic contamination of drinking water has been per-

ceived by most of the respondents as a hazard to human

health. While most of the respondents were motivated

to participate in the water purification and arsenic miti-

gation projects, they were most in favor of more gov-

ernment-and NGO-sponsored projects in which they

would participate and pay as per their financial ability.

Socio-economic conditions in general and literacy and

income in particular play a role in determining the level

of people’s awareness of the arsenic hazard and its mitiga-
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tion. The results of the study are important for future

research and planning the large-scale mitigation pro-

cess, as they will contribute to our understanding of

the importance of socio-economic conditions on the

level of awareness of natural hazards and human ad-

justments to those hazards.

A c k n o w l e d g e m e n t sA c k n o w l e d g e m e n t sA c k n o w l e d g e m e n t sA c k n o w l e d g e m e n t sA c k n o w l e d g e m e n t s
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Appendix: TablesAppendix: TablesAppendix: TablesAppendix: TablesAppendix: Tables

R a j a r a m p u rR a j a r a m p u rR a j a r a m p u rR a j a r a m p u rR a j a r a m p u r 0 . 8 3 1 7 3 7 1 0 1 3 1 0 8 1 8 1 0  13 2 3 1 6 2
N a w a b g a n jN a w a b g a n jN a w a b g a n jN a w a b g a n jN a w a b g a n j ( 3 9 . 5 % ) ( 2 4 % ) ( 3 2 % ) ( 2 4 % ) ( 2 0 % ) ( 4 4 % ) ( 2 4 % ) ( 3 2 % ) ( 5 6 % ) ( 3 9 % ) ( 5 % )

S a m t aS a m t aS a m t aS a m t aS a m t a 0 . 3 5 1 7 9 5 1 2 8 1 7 1 3 1 2 2 4 1 4 4 2 6 2
J e s s o r eJ e s s o r eJ e s s o r eJ e s s o r eJ e s s o r e ( 3 4 % ) ( 2 4 % ) ( 1 6 % ) ( 3 4 % ) ( 2 6 % ) ( 2 4 % ) ( 4 8 % ) ( 2 8 % ) ( 8 4 % ) ( 1 2 % ) ( 4 % )

Kanchanpu rKanchanpu rKanchanpu rKanchanpu rKanchanpu r 0 . 0 6 6 4 3 1 0 2 2 8 1 4 5 9 3 0 1 1 3 4  13 2
K h u l n aK h u l n aK h u l n aK h u l n aK h u l n a ( 8 6 % ) ( 5 0 % ) ( 1 6 % ) ( 2 9 % ) ( 1 0 % ) ( 1 8 % ) ( 6 0 % ) ( 2 2 % ) ( 6 8 % ) ( 2 6 % ) ( 4 % )

F i n g r iF i n g r iF i n g r iF i n g r iF i n g r i 0 . 0 5 5 2 6 0 1 6 1 5 1 0 3 2 2 0 2 2 2 1 1 9 4
S a t k h i r aS a t k h i r aS a t k h i r aS a t k h i r aS a t k h i r a ( 5 3 % ) ( 3 6 % ) ( 3 4 % ) ( 2 3 % ) (6 .8% ) (4 .5% ) ( 4 6 % ) ( 5 0 % ) ( 4 8 % ) ( 4 3 % ) ( 9 % )

Ta l t a l aTa l t a l aTa l t a l aTa l t a l aTa l t a l a 0 . 0 4 7 0 4 1 8 1 3 5 5 1 2 2 3 1 5 2 0  5
N a r a i lN a r a i lN a r a i lN a r a i lN a r a i l ( 1 4 % ) ( 1 0 % ) ( 4 5 % ) ( 3 3 % ) ( 1 3 % ) ( 1 3 % ) ( 3 0 % ) ( 5 8 % ) ( 3 8 % ) ( 5 0 % ) ( 1 3 % )

1. Taka 50 is equivalent to US$1.00.

TTTTTababababable 1 le 1 le 1 le 1 le 1        CHARACTERISTICS OF THE VILLAGES AND THEIR RESIDENTS UNDER STUDY

V i l l a g eV i l l a g eV i l l a g eV i l l a g eV i l l a g e
d i s t r i c td i s t r i c td i s t r i c td i s t r i c td i s t r i c t

Amt. ofAmt. ofAmt. ofAmt. ofAmt. of
a r sen i ca r sen i ca r sen i ca r sen i ca r sen i c
in waterin waterin waterin waterin water
( m g / l )( m g / l )( m g / l )( m g / l )( m g / l )

No. ofNo. ofNo. ofNo. ofNo. of
tube welltube welltube welltube welltube well
contami -contami -contami -contami -contami -
na tednatednatednatednated

No. ofNo. ofNo. ofNo. ofNo. of
a rsen icarsen icarsen icarsen icarsen ic
victims /victims /victims /victims /victims /
1 0 0 01 0 0 01 0 0 01 0 0 01 0 0 0
peop l epeop l epeop l epeop l epeop l e

Occupational classesOccupational classesOccupational classesOccupational classesOccupational classes

Farming  Farming  Farming  Farming  Farming            Service  Service  Service  Service  Service                 Business    Business    Business    Business    Business         WageWageWageWageWage
                                                                           LaborLaborLaborLaborLabor

Years of schoolingYears of schoolingYears of schoolingYears of schoolingYears of schooling

<5      5–10     >10<5      5–10     >10<5      5–10     >10<5      5–10     >10<5      5–10     >10

Monthly income in TakaMonthly income in TakaMonthly income in TakaMonthly income in TakaMonthly income in Taka11111

< 5 0 0 0< 5 0 0 0< 5 0 0 0< 5 0 0 0< 5 0 0 0 5000–5000–5000–5000–5000–
9 9 9 99 9 9 99 9 9 99 9 9 99 9 9 9

>>>>> 1 0 0 0 01 0 0 0 01 0 0 0 01 0 0 0 01 0 0 0 0
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101 (45%)

Do Do Do Do Do yyyyyou ou ou ou ou kkkkknow aboutnow aboutnow aboutnow aboutnow about
aaaaarsenic contaminationrsenic contaminationrsenic contaminationrsenic contaminationrsenic contamination
of drinking water inof drinking water inof drinking water inof drinking water inof drinking water in
your village?your village?your village?your village?your village?

TTTTTababababable 2 le 2 le 2 le 2 le 2        PERCEPTION AND KNOWLEDGE OF ARSENIC HAZARD BY VILLAGE

Indicators of Perception of ArsenicIndicators of Perception of ArsenicIndicators of Perception of ArsenicIndicators of Perception of ArsenicIndicators of Perception of Arsenic
Hazard and Expected ResponsesHazard and Expected ResponsesHazard and Expected ResponsesHazard and Expected ResponsesHazard and Expected Responses RajarampurRajarampurRajarampurRajarampurRajarampur

T o t a lT o t a lT o t a lT o t a lT o t a l
S a m t aS a m t aS a m t aS a m t aS a m t a F i n g r iF i n g r iF i n g r iF i n g r iF i n g r i Ta l t a l aTa l t a l aTa l t a l aTa l t a l aTa l t a l a KanchanpurKanchanpurKanchanpurKanchanpurKanchanpur      5 Village5 Village5 Village5 Village5 Village

Ye s 39 (95%) 45 (90%) 44 (100%) 37( 92.5%) 41 (83.7%) 206 (92%)

N o 2 (5%) 5 (10%) 0 (0%) 3 (7.5%) 8 (16.3%) 18 (8%)

What is arsenic?What is arsenic?What is arsenic?What is arsenic?What is arsenic? Po i s o n 39 (95%) 17 (34%) 35 (79.5%) 18 (45%) 11 (22.5%) 120 (53.6%)

Type of disease 0 (0%) 28 (56%) 9 (20.5%) 20 (50%) 33 (67.3%) 90 (40.2%)

No knowledge 2 (5%) 5 (10%) 0 (0%) 2 (5%) 5 (10.2%) 1 4 ( 6 . 3 % )

Do you know theDo you know theDo you know theDo you know theDo you know the
effects of Arseniceffects of Arseniceffects of Arseniceffects of Arseniceffects of Arsenic
poisoning on humans?poisoning on humans?poisoning on humans?poisoning on humans?poisoning on humans?

No knowledge 2 (5%) 5 (10%) 0 (0%) 2 (5%) 5 (10.2%) 1 4 ( 6 . 3 % )

Skin lesions 36  (87.8%) 42 (84%) 44 (100%) 38 (95%) 44 (89.8%) 204 (91%)

Skin Cancer 3  (7.2%) 3 (6%) 0 (0%) 0 (0%) 0 (0%) 6 (2.7%)

How many years youHow many years youHow many years youHow many years youHow many years you
have known about thehave known about thehave known about thehave known about thehave known about the
Arsenic problem?Arsenic problem?Arsenic problem?Arsenic problem?Arsenic problem?

1-2 years 26 (63.4%) 23 (46%) 26 (59%) 27 (67.5%) 21 (42.9%) 123 (55%)

3-4 years 13 (31.7%) 22 (44%) 17 (38.6%) 13 (32.5%) 28 (57.1%)

How did you learnHow did you learnHow did you learnHow did you learnHow did you learn
about the Arsenicabout the Arsenicabout the Arsenicabout the Arsenicabout the Arsenic
p r o b l e m ?p r o b l e m ?p r o b l e m ?p r o b l e m ?p r o b l e m ?

Health worker 14 (34%) 17 (34%) 21 (47.7%) 14 (35%) 16 (32.7%) 82 (36.7%)

Neighbors &
Radio/TV/newspaper

25 (61%) 33 (66%) 23 (52.3%) 26 (65%) 33 (67.3%) 142 (63.4%)

What are the majorWhat are the majorWhat are the majorWhat are the majorWhat are the major
problems in thisproblems in thisproblems in thisproblems in thisproblems in this
v i l l a g e ?v i l l a g e ?v i l l a g e ?v i l l a g e ?v i l l a g e ?

Arsenic Hazard 38 (93%) 28 (56%) 20 (45.5%) 31 (77.5%) 33 (67.4) 150 (67%)

Water contamination 1 (2.4%) 12 (24%) 15 (34.1%) 5 (12.5%) 4 (8.2%) 37 (16.5%)

Poverty, Unemployment 2 (5%) 10 (20%) 14 (31.8%) 4 (10%) 12 (24.5%) 42 (18.8%)

Do you think thatDo you think thatDo you think thatDo you think thatDo you think that
Arsenic problem in yourArsenic problem in yourArsenic problem in yourArsenic problem in yourArsenic problem in your
village is hazardous tovillage is hazardous tovillage is hazardous tovillage is hazardous tovillage is hazardous to
humhumhumhumhuman life?an life?an life?an life?an life?

Ye s 39 (95%) 42 (84%) 35 (79.5%) 31 (77.5%) 37 (75.6%) 184 (82.1%)

N o 2 (5%) 8 (16%) 9 (20.5%) 9 (22.5%) 12 (24.5%) 40 (17.9%)
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PERCEPTION AND KNOWLEDGE OF ARSENIC HAZARD

7 4 6 1 6 1 3 2 2 1 1 1 3 5 7 1 4 2 8 0 6
( 9 8 % ) ( 9 8 % ) ( 9 5 % ) ( 9 7 % ) ( 1 0 0 % ) ( 9 9 % ) ( 9 7 % ) ( 9 8 % ) ( 9 6 % ) ( 1 0 0 % )

1 1 3 1 0 2 2 3 3 0
( 2 % ) ( 2 % ) ( 5 % ) ( 3 % ) ( 0 % ) ( 1 % ) ( 3 % ) ( 2 % ) ( 4 % ) ( 0 % )

3 1 3 7 3 0 1 6 6 3 9 3 4 6 1 4 7 4
( 4 2 % ) ( 6 0 % ) ( 4 7 % ) ( 4 8 % ) ( 2 9 % ) ( 3 4 % ) ( 5 8 % ) ( 4 2 % ) ( 5 1 % ) ( 6 6 % )

3 7 2 3 2 9 1 3 1 3 6 6 2 4 7 2 3 2 1
( 5 1 % ) ( 3 7 % ) ( 4 6 % ) ( 4 0 % ) ( 6 2 % ) ( 5 7 % ) ( 4 1 % ) ( 5 0 % ) ( 3 9 % ) ( 1 7 % )

5 2 5 4 2 1 0 1 1 2 4 1
( 7 % ) ( 3 % ) ( 7 % ) ( 1 2 % ) ( 9 % ) ( 9 % ) ( 1 % ) ( 8 % ) ( 1 0 % ) ( 1 7 % )

7 3 5 9 6 1 2 7 1 8 1 0 7 5 6 1 3 4 8 1 6
( 9 7 % ) ( 9 5 % ) ( 9 5 % ) ( 8 2 % ) ( 8 6 % ) ( 9 3 % ) ( 9 5 % ) ( 9 2 % ) ( 9 8 % ) ( 1 0 0 % )

2 3 3 6 3 8 3 1 1 2 (2%) 0
( 3 % ) ( 5 % ) ( 5 % ) ( 1 8 % ) ( 1 4 % ) ( 7 % ) ( 5 % ) ( 8 % ) ( 2 % ) 0 %

2 5 2 0 2 2 1 2 1 1 4 5 1 9 6 1 2 1 2
( 3 4 % ) ( 3 2 % ) ( 3 4 % ) ( 4 1 % ) ( 5 2 % ) ( 3 9 % ) ( 3 2 % ) ( 4 2 % ) ( 2 5 % ) ( 3 3 % )

4 9 4 2 4 2 1 7 1 0 7 0 4 0 8 4 6 2 4
( 6 6 % ) ( 6 7 % ) ( 6 6 % ) ( 5 9 % ) ( 4 8 % ) ( 6 1 % ) ( 6 8 % ) ( 5 8 % ) ( 7 5 % ) ( 6 6 % )

7 0 5 9 5 4 2 8 1 8 9 3 5 4 1 3 8 7 3 4
( 9 3 % ) ( 8 2 % ) ( 8 4 % ) ( 9 7 % ) ( 8 6 % ) ( 8 9 % ) ( 9 2 % ) ( 9 6 % ) ( 9 2 % ) ( 1 0 0 % )

0 1 2 0 1 1 2 0 4 0
( 0 % ) ( 1 % ) ( 3 % ) ( 0 % ) ( 5 % ) ( 1 % ) ( 3 % ) ( 0 % ) ( 5 % ) ( 0 % )

5 1 2 8 1 2 1 1 3 6 2 0
( 7 % ) ( 1 7 % ) ( 1 3 % ) ( 3 % ) ( 9 % ) ( 1 0 % ) ( 5 % ) ( 4 % ) ( 3 % ) ( 0 % )

6 9 1 5 8 3 2 3 2 2 7 8 2
( 8 % ) ( 1 5 % ) ( 2 3 % ) ( 3 0 % ) ( 1 4 % ) ( 2 0 % ) ( 3 % ) ( 1 9 % ) ( 9 % ) ( 3 3 % )

6 9 5 3 4 9 1 9 1 8 9 2 5 7 1 1 8 8 3 4
( 9 2 % ) ( 8 5 % ) ( 7 7 % ) ( 7 0 % ) ( 8 6 % ) ( 8 0 % ) ( 9 7 % ) ( 8 1 % ) ( 9 1 % ) ( 6 7 % )

3 8 2 8 4 0 1 3 1 2 5 7 2 9 7 1 4 2 2
( 5 1 % ) ( 4 5 % ) ( 6 3 % ) ( 4 1 % ) ( 6 0 % ) ( 4 9 % ) ( 4 9 % ) ( 4 9 % ) ( 5 1 % ) ( 3 3 % )

3 7 3 4 2 4 1 9 8 5 8 3 0 7 3 4 1 4
( 4 9 % ) ( 5 5 % ) ( 3 7 % ) ( 5 9 % ) ( 4 0 % ) ( 5 1 % ) ( 5 1 % ) ( 5 1 % ) ( 4 9 % ) ( 6 7 % )

2 3 1 2 2 1 5 6 3 9 1 3 4 4 1 4 1
( 3 1 % ) ( 1 9 % ) ( 3 2 % ) ( 1 6 % ) ( 2 9 % ) ( 3 4 % ) ( 2 2 % ) ( 3 0 % ) ( 1 7 % ) ( 1 7 % )

2 2 5 1 1 5 2 4 5 0
( 2 % ) ( 4 % ) ( 9 % ) ( 3 % ) ( 4 % ) ( 4 % ) ( 3 % ) ( 3 % ) ( 6 % ) ( 0 % )

5 0 4 8 3 8 2 6 1 4 7 1 4 4 9 6 6 4 5
( 6 7 % ) ( 7 7 % ) ( 5 9 % ) ( 8 1 % ) ( 6 7 % ) ( 6 2 % ) ( 7 5 % ) ( 6 7 % ) ( 7 7 % ) ( 8 3 % )

Ye s

N o

Po i s on

Ty p e
of disease

No knowledge

1–2 years

3–4 years

Health worker

Neighbors &
radio or TV

A r sen i c
H a z a r d

Wa t e r
Con tam ina t i on

Pover t y/
U n e m p l o y m e n t

Ye s

N o

Ye s

N o

No alternative

Believe no
h a r m

Water not
t e s t e d

Do you knowDo you knowDo you knowDo you knowDo you know
about arsenicabout arsenicabout arsenicabout arsenicabout arsenic
contamination ofcontamination ofcontamination ofcontamination ofcontamination of
drinking water indrinking water indrinking water indrinking water indrinking water in
your village?your village?your village?your village?your village?

What is arsenic?What is arsenic?What is arsenic?What is arsenic?What is arsenic?

How many yearsHow many yearsHow many yearsHow many yearsHow many years
have you knownhave you knownhave you knownhave you knownhave you known
about theabout theabout theabout theabout the
a r sen i ca r sen i ca r sen i ca r sen i ca r sen i c
p rob l em?p rob l em?p rob l em?p rob l em?p rob l em?

How did youHow did youHow did youHow did youHow did you
learn about thelearn about thelearn about thelearn about thelearn about the
a r sen i ca r sen i ca r sen i ca r sen i ca r sen i c
p rob l em?p rob l em?p rob l em?p rob l em?p rob l em?

What are theWhat are theWhat are theWhat are theWhat are the
major problemsmajor problemsmajor problemsmajor problemsmajor problems
in this village?in this village?in this village?in this village?in this village?

Do you have anDo you have anDo you have anDo you have anDo you have an
arsenic patientarsenic patientarsenic patientarsenic patientarsenic patient
in your family?in your family?in your family?in your family?in your family?

Do you useDo you useDo you useDo you useDo you use
a r s e n i c -a r s e n i c -a r s e n i c -a r s e n i c -a r s e n i c -
con tamina tedcon tamina tedcon tamina tedcon tamina tedcon tamina ted
wa te r ?wa t e r ?wa t e r ?wa t e r ?wa t e r ?

If yes, why?If yes, why?If yes, why?If yes, why?If yes, why?

BY SOCIO-ECONOMIC CONDITIONS OF THE RESPONDENTS
TTTTTababababable 3le 3le 3le 3le 3

Indicators ofIndicators ofIndicators ofIndicators ofIndicators of
percep t ionpercep t ionpercep t ionpercep t ionpercep t ion
of arsenicof arsenicof arsenicof arsenicof arsenic
hazardhazardhazardhazardhazard

E x p e c t e dE x p e c t e dE x p e c t e dE x p e c t e dE x p e c t e d
r e s p o n s er e s p o n s er e s p o n s er e s p o n s er e s p o n s e

Occupational classOccupational classOccupational classOccupational classOccupational class

          FarmingFarmingFarmingFarmingFarming    Service         Service         Service         Service         Service     BusinessBusinessBusinessBusinessBusiness      Wage      Wage      Wage      Wage      Wage
    Labor    Labor    Labor    Labor    Labor

Years of schoolingYears of schoolingYears of schoolingYears of schoolingYears of schooling

  <5          5–10         >10  <5          5–10         >10  <5          5–10         >10  <5          5–10         >10  <5          5–10         >10

Monthly income in TakaMonthly income in TakaMonthly income in TakaMonthly income in TakaMonthly income in Taka11111

<5000        5000      >10000<5000        5000      >10000<5000        5000      >10000<5000        5000      >10000<5000        5000      >10000
–9999–9999–9999–9999–9999

1. Taka 50 is equivalent to US$1.00.
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MITIGATION OPTIONS AND PEOPLE’S PARTICIPATION IN MITIGATION PROCESS

Ye s

N o

F i l te r ing

Deep tube
w e l l

Rain water

Pond or well

Don’t know

G ov e r n m e n t
health workers

Research team

N G O

S e l f

No body

G ov e r n m e n t

Research team

N G O

S e l f

Ye s

N o

No capacity
to pay

Taka 100-200

Taka 200-500

>Taka 500

As per capacity

Do you knowDo you knowDo you knowDo you knowDo you know
about waterabout waterabout waterabout waterabout water
pu r i f i c a t i on ?pu r i f i c a t i on ?pu r i f i c a t i on ?pu r i f i c a t i on ?pu r i f i c a t i on ?

What are theWhat are theWhat are theWhat are theWhat are the
a r s e n i ca r s e n i ca r s e n i ca r s e n i ca r s e n i c
m i t i g a t i o nm i t i g a t i o nm i t i g a t i o nm i t i g a t i o nm i t i g a t i o n
methods youmethods youmethods youmethods youmethods you
know or heardknow or heardknow or heardknow or heardknow or heard
o f ?o f ?o f ?o f ?o f ?

Who isWho isWho isWho isWho is
m i t i g a t i n gm i t i g a t i n gm i t i g a t i n gm i t i g a t i n gm i t i g a t i n g
a r s e n i ca r s e n i ca r s e n i ca r s e n i ca r s e n i c
con t am ina t i oncon t am ina t i oncon t am ina t i oncon t am ina t i oncon t am ina t i on
in your area atin your area atin your area atin your area atin your area at
p r e s e n t ?p r e s e n t ?p r e s e n t ?p r e s e n t ?p r e s e n t ?

Who do youWho do youWho do youWho do youWho do you
think shouldthink shouldthink shouldthink shouldthink should
take thetake thetake thetake thetake the
initiative toinitiative toinitiative toinitiative toinitiative to
a r s e n i ca r s e n i ca r s e n i ca r s e n i ca r s e n i c
m i t i g a t i o nm i t i g a t i o nm i t i g a t i o nm i t i g a t i o nm i t i g a t i o n
m e t h o d s ?m e t h o d s ?m e t h o d s ?m e t h o d s ?m e t h o d s ?

Are you willingAre you willingAre you willingAre you willingAre you willing
to participate into participate into participate into participate into participate in
the arsenicthe arsenicthe arsenicthe arsenicthe arsenic
mitigation andmitigation andmitigation andmitigation andmitigation and
to pay the cost?to pay the cost?to pay the cost?to pay the cost?to pay the cost?

How muchHow muchHow muchHow muchHow much
money are youmoney are youmoney are youmoney are youmoney are you
willing to spendwilling to spendwilling to spendwilling to spendwilling to spend
for arsenicfor arsenicfor arsenicfor arsenicfor arsenic
m i t i g a t i o nm i t i g a t i o nm i t i g a t i o nm i t i g a t i o nm i t i g a t i o n
process perprocess perprocess perprocess perprocess per
m o n t h ?m o n t h ?m o n t h ?m o n t h ?m o n t h ?

TTTTTababababable 4le 4le 4le 4le 4

M i t i g a t i o nM i t i g a t i o nM i t i g a t i o nM i t i g a t i o nM i t i g a t i o n
o p t i o n so p t i o n so p t i o n so p t i o n so p t i o n s

E x p e c t e dE x p e c t e dE x p e c t e dE x p e c t e dE x p e c t e d
r e s p o n s er e s p o n s er e s p o n s er e s p o n s er e s p o n s e

Occupational classOccupational classOccupational classOccupational classOccupational class

          FarmingFarmingFarmingFarmingFarming    Service         Service         Service         Service         Service     BusinessBusinessBusinessBusinessBusiness      Wage      Wage      Wage      Wage      Wage
    Labor    Labor    Labor    Labor    Labor

Years of schoolingYears of schoolingYears of schoolingYears of schoolingYears of schooling

  <5          5–10         >10  <5          5–10         >10  <5          5–10         >10  <5          5–10         >10  <5          5–10         >10

Monthly income in TakaMonthly income in TakaMonthly income in TakaMonthly income in TakaMonthly income in Taka11111

<5000        5000      >10000<5000        5000      >10000<5000        5000      >10000<5000        5000      >10000<5000        5000      >10000
–9999–9999–9999–9999–9999

1. Taka 50 is equivalent to US$1.00.

6 3 4 6 5 0 2 4 1 7 9 2 4 6 1 1 0 7 3 4
( 8 2 % ) ( 7 4 % ) ( 7 8 % ) ( 7 2 % ) ( 8 1 % ) ( 8 0 % ) ( 7 8 % ) ( 7 6 % ) ( 8 8 % ) ( 6 7 % )

1 4 1 6 1 4 9 4 2 3 1 3 3 5 1 0 2
( 1 8 % ) ( 2 6 % ) ( 2 2 % ) ( 2 8 % ) ( 1 9 % ) ( 2 0 % ) ( 2 4 % ) ( 2 4 % ) ( 1 2 % ) ( 3 3 % )

3 3 2 2 3 0 1 4 1 1 5 9 1 9 6 0 3 5 3
( 4 4 % ) ( 3 5 % ) ( 4 7 % ) ( 4 2 % ) ( 5 2 % ) ( 5 1 % ) ( 3 2 % ) ( 4 1 % ) ( 4 2 % ) ( 5 0 % )

2 9 3 3 2 7 1 4 5 4 0 2 9 6 2 3 8 2
( 3 9 % ) ( 5 3 % ) ( 4 2 % ) ( 4 2 % ) ( 2 4 % ) ( 3 5 % ) ( 4 9 % ) ( 4 3 % ) ( 4 6 % ) ( 3 3 % )

9 5 4 1 2 9 6 1 3 5 0
( 1 2 % ) ( 8 1 % ) ( 6 % ) ( 3 % ) ( 1 0 % ) ( 7 % ) ( 1 0 % ) ( 9 % ) ( 6 % ) ( 0 % )

3 2 3 3 2 4 5 8 3 1
( 4 % ) ( 3 2 % ) ( 5 % ) ( 1 0 % ) ( 1 0 % ) ( 4 % ) ( 9 % ) ( 6 % ) ( 4 % ) ( 1 7 % )

1 0 0 1 1 3 0 2 2 0
( 1 % ) ( 0 % ) ( 0 % ) ( 3 % ) ( 4 % ) ( 3 % ) ( 0 % ) 1 % ) ( 2 % ) ( 0 % )

1 4 1 1 1 3 5 5 2 1 1 4 2 3 2 3 2
( 19 .5%) ( 1 7 % ) ( 2 0 % ) ( 1 5 % ) ( 8 % ) ( 1 8 % ) ( 2 4 % ) ( 1 6 % ) ( 2 8 % ) ( 3 3 % )

1 1 1 1 0 1 0 1 3 0
( 1 % ) ( 2 % ) ( 1 % ) ( 3 % ) ( 0 % ) ( 1 % ) ( 0 % ) ( 1 % ) ( 4 % ) ( 0 % )

1 4 7 1 6 9 7 3 4 5 3 9 7 2
(19 .5% ) ( 1 0 % ) ( 2 5 % ) ( 2 7 % ) ( 1 2 % ) ( 3 0 % ) ( 9 % ) ( 2 7 % ) ( 8 % ) ( 3 3 % )

3 2 3 2 1 9 1 4 7 0
( 4 % ) ( 3 % ) ( 5 % ) ( 6 % ) ( 2 % ) ( 7 % ) ( 1 % ) ( 2 % ) ( 8 % ) ( 0 % )

4 0 4 1 3 1 1 6 4 7 5 0 3 9 7 9 4 3 2
( 5 6 % ) ( 6 6 % ) ( 4 9 % ) ( 4 9 % ) ( 7 8 % ) ( 4 4 % ) ( 6 6 % ) ( 5 4 % ) ( 5 2 % ) ( 3 3 % )

6 1 4 2 5 1 2 5 5 8 5 0 3 7 1 1 3 6 2 4
( 8 1 % ) ( 6 8 % ) ( 8 0 % ) ( 7 5 % ) ( 8 6 % ) ( 7 3 % ) ( 6 3 % ) ( 7 8 % ) ( 7 5 % ) ( 6 8 % )

1 3 1 1 2 0 3 5 1 0
( 1 % ) ( 5 % ) ( 1 % ) ( 3 % ) ( 3 % ) ( 0 % ) ( 5 % ) ( 3 % ) ( 1 % ) ( 0 % )

1 1 1 0 7 5 6 1 4 1 0 1 9 1 3 1
( 1 5 % ) ( 1 6 % ) ( 1 1 % ) ( 1 5 % ) ( 9 % ) ( 2 0 % ) ( 1 7 % ) ( 1 3 % ) ( 1 6 % ) ( 1 6 % )

2 7 5 2 1 5 9 9 7 1
( 3 % ) ( 1 1 % ) ( 8 % ) ( 6 % ) ( 2 % ) ( 7 % ) ( 1 5 % ) ( 6 % ) ( 8 4 % ) ( 1 6 % )

6 4 5 7 5 7 2 9 1 9 9 9 5 5 1 2 5 7 9 5
( 8 5 % ) ( 9 2 % ) ( 8 9 % ) ( 8 8 % ) ( 9 0 % ) ( 8 6 % ) ( 9 3 % ) ( 8 7 % ) ( 9 5 % ) ( 8 3 % )

1 1 5 7 4 2 1 6 4 2 1 4 1
( 1 5 % ) ( 8 % ) ( 1 1 % ) 1 2 % ) ( 1 0 % ) ( 1 4 % ) ( 7 % ) ( 1 3 % ) ( 1 5 % ) ( 1 7 % )

6 3 3 1 1 6 2 9 2 1
( 8 % ) ( 5 % ) ( 4 % ) ( 3 % ) ( 5 % ) ( 5 % ) ( 3 % ) ( 6 % ) ( 2 % ) ( 2 0 % )

1 5 1 4 2 0 5 3 2 6 1 5 3 1 2 4 1
( 2 0 % ) ( 2 3 % ) ( 3 0 % ) ( 1 5 % ) ( 1 4 % ) ( 2 2 % ) ( 2 6 % ) ( 2 1 % ) ( 2 9 % ) ( 2 0 % )

1 1 2 4 0 1 4 0 7 1
( 1 % ) ( 1 % ) ( 3 % ) ( 1 2 % ) ( 0 % ) ( 1 % ) ( 7 % ) ( 0 % ) ( 8 % ) ( 2 0 % )

0 2 1 0 0 2 1 1 2 1
( 0 % ) ( 3 % ) ( 1 % ) ( 0 % ) ( 0 % ) ( 2 % ) ( 2 % ) ( 1 % ) ( 3 % ) ( 2 0 % )

5 3 4 2 4 1 2 3 1 7 8 0 3 6 1 0 5 4 8 1
( 7 1 % ) ( 6 8 % ) ( 6 2 % ) ( 7 0 % ) ( 8 1 % ) ( 7 0 % ) ( 6 2 % ) ( 7 2 % ) ( 5 8 % ) ( 2 0 % )



R e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e sR e f e r e n c e s

Das, D., Samantha, G., Mandal, B.K., Chowdhury,

T.R., Chanda, C., Chowdhury, P., Basu, G.K.,

Chakraborti, D.  “Arsenic in ground water in six

districts of West Bengal, India.” Environmental

Geochemistry & Health 18.1 (1996): 5-15.

Nickson, R.T., McArthur, J.M., Ravenscroft, P.,

Burgess, W.G., Ahmed, K.M.   “Mechanism of

arsenic release to groundwater, Bangladesh and

West Bengal.”  Applied Geochemistry 15 (2000): 403-

413.

Paul, Bimal K., De, S.  “Arsenic Poisoning in

Bangladesh: a Geographic Analysis.”   Journal of

American Water Resource Association 41 (1999): 207-

208.

Smith, A.H.; Lingas E.O.; Rahman M.  “Contamina-

tion of drinking-water by arsenic in Bangladesh: A

public health emergency.” -Bulletin of the World

Health Organization 78.9 (2000): 1093-1103.

Yamamoto, Oh.K., Kitawaki, H., Nakao, S., Sugawara,

T., Rahman M.M., Rahman, M.H.  “Application of

low-pressure nanofiltration coupled with a bicycle

pump for the treatment of arsenic-contaminated

groundwater.” Desalination 132 (2000): 307-314

Yokota, H., Tanabe, K., Sezaki, M., Akiyoshi, Y.,

Miyata, T., Kawahara, K., Tsushima, S., Hironaka,

H., Takafuji, H., Rahman, M., Ahmad, S.K.,

Sayed, Faruquee, M.H. “Arsenic contamination of

ground and pond water and water purification

system using pond water in Bangladesh.” Engineer-

ing Geology 60 (2001): 323-331.

Muhammad Tauhidur Rahman

U N D E R G R A D U A T E R E S E A R C H J O U R N A L52 VOLUME 1



Elijah Liu,Elijah Liu,Elijah Liu,Elijah Liu,Elijah Liu,     The University of Texas at Austin

I

The University

of Texas

at Austin

Undergraduate

Research

Journal

Volume 1

Spring 2002

53

Nehemiah Liu,Nehemiah Liu,Nehemiah Liu,Nehemiah Liu,Nehemiah Liu,     The University of Texas at Austin

n the awakening of modern times and its technologies, energy

and the generation of electricity has brought concern to the

present and the near future.  Just about a hundred years ago, energy

was free and readily available in the earth’s biosphere, like Mother

Nature’s air and water.  Energy came in such forms as fossil fuels and

hydroelectric power.  But with the global population ever increas-

ing, the world has had to consume more energy and has had to intro-

duce new sources of energy.  One of these new sources is nuclear

energy – the energy stored within atoms or the energy resulting from

a nuclear reaction.

          Through years of research, scientists and engineers have de-

veloped nuclear reactors to convert this energy into enormous

amounts of electricity.  Today, these highly controlled reactors are

The Use of Computer Codes
and Simulation in Radioactive
Waste Management



found in nuclear power plants located all over the world.

In fact, nuclear power plants account for 20% of our

nation’s electric power.  Although energy from fission –

or the splitting up of nuclei into smaller nuclei – has

improved and continues to improve the quality of hu-

man life, it has also produced many radioactive wastes

within the last five decades.  Unfortunately, this accu-

mulated waste can alter the living cells of organisms; such

waste poses a potential risk to human health and the en-

vironment and requires proper disposal (Berlin and

Stanton 1).  Therefore, every process involved with the

production of nuclear energy or every process that be-

longs to the nuclear fuel cycle must require radioactive

waste management (Liu and Lipták 127).

The Need for Computer Codes andThe Need for Computer Codes andThe Need for Computer Codes andThe Need for Computer Codes andThe Need for Computer Codes and
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The management of radioactive waste ranges from

the characterization of the waste to the monitoring of

the waste’s activity after final disposal.  To ensure suc-

cessful management, engineers, scientists, and environ-

mentalists need to obtain a detailed knowledge of the

waste before and after disturbance and thoroughly as-

sess the risks, reliability, and performance of chosen

management procedures.  For these vital needs, computer

codes and simulations have been developed.  Without com-

puter codes and simulations, those related to the field

of radioactive waste management would spend valuable

time acquiring the pertinent data, performing complex

calculations, writing documents, and finding lawyers.

Importantly, simulations model the natural phenom-

ena that affect radioactive materials.  Their multi-fac-

eted tasks revolve around the computations of codes.

Computer codes not only aid simulations but also fa-

cilitate the design and analysis of management systems.

Together, they exhibit craftsmanship and beauty.  This

article focuses on radioactive waste management

through the use of computer codes and simulations.  It

attempts to present a wide scope of simulations and

codes.  Although simulations employ codes, they are not

necessarily a subset of the latter.  Each simulation or

code concentrates on a particular aspect of management

and can be treated in its own respects.

Engineers depend on simulations and codes to rep-

resent real-time processes in nature and synthetic con-

structs.  With the simulation of processes, researchers,

engineers, and scientists can avoid exposure to radioac-

tive isotopes.  Moreover, they can investigate areas “not

conveniently modeled by analytical techniques” and rep-

resent “highly complex models [in] a sufficiently short

time scale” (Walton Foreword).  With fast and speedy

codes, the technically oriented can understand the long-

term effects of wastes on the world and its inhabitants.

Then, they can take precautions to preserve the future of

the environment, ecosystems, and other human beings.

Introduction to SimulationsIntroduction to SimulationsIntroduction to SimulationsIntroduction to SimulationsIntroduction to Simulations

In our current state of academia, we always hear the

words “simulation,” “models,” and “computers.”  We will

now define modeling, simulation, and codes and discuss

their interrelationship.

According to a workshop on modeling and simula-

tion for environmental management sponsored by the

Los Alamos National Laboratory, a model is “a mental,

physical, or mathematical construct intended to capture

some aspect of nature or a process” (Boyd).  There are

two kinds of models: conceptual and quantitative.  Con-

ceptual models rely on observations, experiments, and

facts, and they extrapolate from this knowledge.  A con-

ceptual model, then, brings forth a quantitative model.

Such quantitative, or numerical, models depend on math-

ematical equations to describe the conceptual model.

After models have been conjectured, researchers try

to imitate the desired natural phenomenon or process

by solving the mathematical equations or making the

necessary calculations.  Completion of these steps may

yield new hypotheses and/or unexpected conclusions,

which would lead to modifications in the original mod-

els.  When researchers have accepted their quantitative

models, programmers may implement the mathemati-

cal equations and data in a programming language or

into a software module, thus simplifying and allowing

the execution of the derived quantitative models (Boyd).

Elijah Liu and Nehemiah Liu

U N D E R G R A D U A T E R E S E A R C H J O U R N A L54 VOLUME 1



Specific Classification of Nuclear WasteSpecific Classification of Nuclear WasteSpecific Classification of Nuclear WasteSpecific Classification of Nuclear WasteSpecific Classification of Nuclear Waste

S i m u l a t i o nS i m u l a t i o nS i m u l a t i o nS i m u l a t i o nS i m u l a t i o n

Simply stated, simulation for nuclear waste can be

divided into four categories, which can be further di-

vided into sub areas.  These four categories are particle

behavior, container behavior, tool behavior, and target

behavior.  After a general description of these areas, we

will give several examples that cover the scope of nuclear

waste simulation.

Particle Behavior

Particle behavior identifies the major group of simu-

lation that deals with ionizing radiation (energy that can

change the biological properties of cells), activation prod-

ucts (products created by nuclear reactions), and waste con-

stituents.  For this group, scientists use codes to simulate

how radioactive particles move, break down, and inter-

act with matter – especially in the forms of other radio-

active wastes and chemical agents (generated in the reac-

tor cores of nuclear power plants or in waste containers).

Simulation in particle behavior also involves radiation trans-

port, cross sections, and byproducts of decay reactions.

Container Behavior

Container behavior, a second important category

of simulation, involves anything that encloses and iso-

lates wastes.  In other words, the container-behavior set

comprises of small containers and their technologies that

directly touch the wastes, such as casks, tanks, cylindri-

cal shells, and shielding equipment, or macroscopic con-

tainers, such as waste repositories and domes.  The ma-

terials that surround the containers or even entomb

them make up the rest of this set.  Simulation in con-

tainer behavior concentrates on important characteris-

tics used in siting high-level wastes repositories sites,

such as rock and surface characteristics and plate tec-

tonics.  Additionally, many of the codes attempt to ana-

lyze shielding geometries, cask designs, and degradation

of container material.

Tool Behavior

Simulation in tool behavior aids in the develop-

ment of tools and vehicles used to transport radioac-

tive wastes, handle the stored, processed, or trans-

ported wastes, decompose such wastes, and label the

wastes.  National labs focus on the simulation of ve-

hicles and robots used in radioactive waste transport,

management, and characterization.

Target Behavior

Nuclear experts and even common folk have a par-

ticular interest in this category because ionizing radia-

tion can harm or transform a target in contact with ra-

dioactive particles.  Although target behavior is related

to particle behavior – since targets could be chemicals,

wastes, humans, buildings, or other items – simulation

in particle behavior “sees from the perspective of the

particles,” whereas simulation in target behavior sees

from the point of view of people, targets, and machines.

Simulation in target behavior specifically involves de-

termining what risks exist when wastes leak and leach

out from containers and how wastes affect the “spheres,”

such as the hydrosphere, biosphere, and atmosphere, as

well as living things, the food chain, and objects in the

vicinity of power plants and waste storages.

Introduction to CodesIntroduction to CodesIntroduction to CodesIntroduction to CodesIntroduction to Codes

Numerous codes have been developed to serve a wide

variety of purposes, such as specifying waste acceptance,

developing transportation procedures, siting repositories,

designing disposal packages, minimizing waste generation,

optimizing waste-reduction processes, and controlling the

release of effluents into the atmosphere.  In fact, compa-

nies, like Intera Information Technologies, have been es-

tablished to develop new and improved nuclear codes.

Classification of Codes

To recognize computer codes and their functions

better, different agencies and independent groups have

categorized codes.  Notably, the Oak Ridge National

Laboratory (ORNL) has classified codes into several

subject areas, such as human factors engineering, iso-

tope generation and decay, and nuclear criticality safety.
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Understanding the Role of Codes

It is of utmost importance to realize that codes only

support radioactive waste management and cannot be

entirely trusted.  For example, the Oak Ridge Isotope

Generation and Depletion (ORIGEN) code has been

benchmarked and extensively used to model the initial

chemical content of spent fuel and “changes in this con-

tent subsequent to disposal” (Berlin and Stanton 7).

However, the code’s estimated values have not always

agreed with the Department of Energy’s findings (Tang

and Saling 176).  This example simply demonstrates that

other sources must be consulted and compared with to

check the accuracy of a computer code.

Foundation of Codes

The foundation of computer codes rests in math-

ematical models, numerical tools, and mathematical for-

mulas.  By understanding about these resources, pro-

grammers have written powerful codes that realistically

simulate real-time applications.

A Brief Overview of the Monte CarloA Brief Overview of the Monte CarloA Brief Overview of the Monte CarloA Brief Overview of the Monte CarloA Brief Overview of the Monte Carlo

N-Particle CodeN-Particle CodeN-Particle CodeN-Particle CodeN-Particle Code

During World War II, extensive work at the Los

Alamos National Laboratory in New Mexico led to the

formation of the Monte Carlo method.  Generally at-

tributed to scientists named Fermi, von Neumann, Ulam,

Metropolis, and Richtmeyer, this mathematical tool

provides the foundation for the famous Monte Carlo

N-Particle code.

Many codes solve explicit equations and “turn a crank”

to obtain complete, quantitative answers.  By contrast, the

Monte Carlo method does not solve equations and does

not obtain complete answers.  Named for its similarity to

the throwing of dice in a gambling casino, the Monte Carlo

method is “based on the selection of random numbers”.  It

realistically simulates the events of natural phenomena by

recording tallies of their average behaviors and forming

conclusions from these tallies.  Because these phenomena

are usually described by a large number of trials and itera-

tions, computers are used for simulation (Briesmeister 3).

One ubiquitous nuclear code that revolves around

the Monte Carlo method is the Monte Carlo N-Particle

(MCNP) code.  Given an arbitrary three-dimensional

configuration of radioactive materials, the MCNP code

models the transport of photons, neutrons, electrons, or

a combination of these particles.  Because this transport

code can simulate the movement of radioactive particles,

it belongs to the category of radiation transport codes.

Radiation Safety Information ComputationRadiation Safety Information ComputationRadiation Safety Information ComputationRadiation Safety Information ComputationRadiation Safety Information Computation

C e n t e rC e n t e rC e n t e rC e n t e rC e n t e r

In discussing nuclear codes, nuclear history cannot

forget one of the most important sources of coding, the

Radiation Safety Information Computation Center

(RSICC).  Although many nuclear-related software di-

visions exist in our national laboratories, one of the most

influential is RSICC.  In November 1962, the U.S.

Atomic Energy Commission founded RSICC, formerly

known as the Radiation Shielding Information Center

(RSIC), at the Oak Ridge National Laboratory.  Com-

missioners established the center to provide valuable

information, especially computer codes, to researchers

involved in the area of radiation shielding.  The center

wanted to keep an available library of codes (“RSICC”).

In March 1963, a division in RSIC sprang up to

gather, analyze, and distribute computer codes in shield-

ing calculations.  This part of RSIC helped many orga-

nizations, such as the National Aeronautics and Space

Administration (NASA) and the Defense Atomic Sup-

port Agency (DASA).  RSIC supplied NASA with data

about shielding from cosmic radiation, while it assisted

DASA in gathering codes that included topics like ac-

celerator shielding and shielding from nuclear weapons

radiation.  In August 1996, Oak Ridge renamed RSIC

to RSICC for several reasons.  The center began to

handle computer code technology that dealt with sub-

jects other than shielding, such as radiation transport

and safety.  In addition, the center upgraded its com-

puter hardware in order to test software and to commu-

nicate with other major computing centers (Butler,

Maskewitz, and Rosen 134-136).

Today, RSICC focuses on the radiation transport

field and actively coordinates with the international

shielding community on safety.  RSICC reserves and

disseminates technical info and codes about shielding
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and protection from nuclear reactors, cosmic radiation,

radiation from accelerators, weapons, wastes, and medi-

cal facilities.  Overall, RSICC is a great contributor to

radioactive waste management (“RSICC”).

The Yucca Mountain ProjectThe Yucca Mountain ProjectThe Yucca Mountain ProjectThe Yucca Mountain ProjectThe Yucca Mountain Project

The Yucca Mountain Project is a current study by

the United States Department of Energy (DOE) to de-

termine if Yucca Mountain, Nevada, can suitably host a

geologic repository for the nation’s high-level radioac-

tive waste and defense spent nuclear fuel.  In order for

Yucca Mountain to be characterized, extensive studies

must be made on the mountain’s geology, hydrology, bi-

ology, and climate – hence, the Yucca Mountain Project

(YMP).  These extensive studies belong to the field of

radioactive waste management and, thus, require the

support of computer codes and simulations.  Potentially

the most critical flow mechanism that can contaminate

the Nevada environment is fracture flow (Zyvoloski and

Robinson).  To facilitate a visual understanding of this

process, the Geoanalysis Group at Los Alamos has been

currently working on three codes funded by the YMP

(“Porous Media Flow”).

C o n c l u s i o nC o n c l u s i o nC o n c l u s i o nC o n c l u s i o nC o n c l u s i o n

Models, derived from mathematical and conceptual

constructs, aid in simulation schemes and in the imple-

mentation of computational coding packages.  Using a

simple classification scheme, we can categorize all forms

of simulation into four areas and all computational codes

into approximately eleven areas.  Uses of simulation are

found in a wide range of topics, such as the prediction

of criticality, the design of transmutation systems, the

improvement of robots, and the representation of hu-

man organs.  As a counterpart to simulation, engineers

greatly rely on the power of codes to understand com-

plex nuclear scenarios, such as the diffusion of radionu-

clides through a geological medium.  Other radioactive

waste management codes have extreme importance to

the macroscopic scientific world, such as the Monte

Carlo N-Particle code.  Lastly, a bright crystal of simu-

lation and coding today lies within the Yucca Mountain

Project, a project full of profound significance to not

just scientists but also to our society.

By examining all the different areas that simulation

and codes touch in radioactive waste management, we

realize that simulation and codes represent a unifying

attribute of the work of nuclear engineers.  A further

generalization leads to the notion that nuclear engineer-

ing, electrical engineering, mechanical engineering, and

all other engineering disciplines share a common theme,

the theme of simulation and computational codes.

Moreover, the boundaries and distinctions that charac-

terize these fields begin to blur and disintegrate when

we enter the wonderful realm of radioactive waste man-

agement.  Without simulation and codes, scientists and

engineers could never fully understand the nature of

radioactive wastes and its effects on the universe.  Simu-

lation and codes allow engineers to harness the beneficial

power of radioactivity, prevent disasters in regions stor-

ing radioactive wastes, protect the lives of researchers and

common folk, and preserve the world in which we live.
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