
ABSTRACT

MAKI, JENNIFER ANNE. Essays on the Economics of Tobacco Harm Reduction and
on Financial Literacy and Retirement Decision-Making. (Under the direction of Barry
Goodwin and Melinda Morrill.)

This dissertation consists of four essays exploring policies and practices that highlight

the role of information on decision making. The first two essays can be broadly described

as evaluating policies pertaining to tobacco harm reduction–the practice of recommending

the use of a less harmful tobacco alternative to those smokers who are unwilling or unable

to quit smoking. If oral tobacco use is less harmful than cigarette smoking, consumers

may be better off by substituting one product for the other. Although the risk associated

with oral tobacco use has been studied in the past, previous estimates may be biased as

they did not account for the role of risky behavior which is correlated with both health

outcomes and tobacco use. To address this, I undertake an analysis of the association

between oral tobacco and oral cancer, while controlling for risky health behaviors. My

findings show that when controlling for risky sexual behavior, the estimated causal effect

of oral tobacco use on oral cancer is significantly diminished. A better understanding of

the true costs (in terms of health risks) associated with use of oral tobacco will allow

individuals to make consumption decisions which maximize utility and encourage cost

effective and efficient tobacco control policies.

If smokers are made aware of the differing health risks between cigarette smoking

and oral tobacco use, they may be able to improve their well-being by substituting one

product for the other. However, labeling oral tobacco as a less harmful alternative may

induce usage by those who would have otherwise abstained from tobacco use. To better

understand these opposing consequences, I explore a policy change in Finland. Finland



implemented a ban on the sale of oral tobacco when joining the European Union in 1995.

I estimate that removing this less harmful alternative from the market increased the

smoking rate, relative to what it would have been, by using the neighboring country of

Sweden as a counterfactual.

The second two essays look at improving employee retirement readiness through ac-

tions undertaken at the firm level. The employer sponsored 401(k) plan can be an effective

tool in saving for retirement, yet many employees do not participate. If non-participation

is due to low levels of financial literacy or due to inertia, an intervention may be effectual

in encouraging participation. In my third essay, I report on the effectiveness of a simple

informational intervention that highlighted the value of saving in conjunction with the

employer match. This one page flyer demonstrated how saving today can lead to substan-

tial wealth accumulation over time. I find that the intervention increases participation

rates among younger employees relative to a control group.

In the final essay, I explore the effect of pre-retirement seminars on the financial lit-

eracy and retirement plans of older employees at several large firms. These seminars are

designed to provide information which will assist employees in making the important de-

cisions they will face when transiting into retirement. Results suggest that participation

did lead to an increase in financial literacy and that this learning is associated with a

change in retirement plans. These last two essays underscore the importance of financial

literacy in retirement planning, preparedness, and decision-making.
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Chapter 1

Introduction

This dissertation consists of four essays exploring two separate topics: the economics of

tobacco harm reduction and the economics of retirement related decision-making and

how information affects behaviors. I explore the role of information in both policies set

by governmental agencies (which may have population-level effects) and policies set by

organizations (which may impact their employees). Chapters 2 and 3 can be broadly

described as pertaining to tobacco harm reduction–the practice of recommending the

use of a less harmful alternative to those smokers who are unwilling or unable to quit

smoking. I undertake analysis to evaluate current tobacco control policies enacted by

governments and estimate the health effects of oral tobacco use (which is of material

importance when evaluating a harm reduction approach to smoking cessation). Chapters

4 and 5 look at improving employee retirement readiness through information provided

by employers. These essays evaluate the effect of a simple informational intervention on

employee 401(k) participation and the effect of pre-retirement seminars on improving

financial literacy and retirement planning of employees at several large organizations,

respectively.
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Governmental policies regarding tobacco control are driven by a desire to reduce the

smoking rate and thereby decrease tobacco related mortality and morbidity (which, in

turn, reduces expenditures for treating smoking attributable disease). These policies are

of broad interest because of concern over rising health care costs. But if a policy is based

on incorrect information or assumptions, unintended consequences are likely to occur.

This appears to be the case with current US policy regarding oral tobacco products.

Tobacco control policies set by governmental agencies hold that oral tobacco is not an

acceptable alternative to cigarette smoking. Many in the health community oppose ef-

forts to encourage smokers to substitute oral tobacco for cigarettes because oral tobacco

is thought to be harmful; complete abstinence is preferable. A second concern is that

oral tobacco may act as a gateway to smoking if new users attracted to this “less harm-

ful alternative” become addicted to nicotine and progress to cigarette smoking. These

concerns led to the ban of oral tobacco products in Finland and have been the basis for

resistance to a harm reduction approach to smoking cessation within the US.

However, if the cost (in terms of health risk) associated with oral tobacco use is less

than the cost associated with smoking, social welfare gains may be possible by encour-

aging individual consumers to substitute one product for the other. In Chapter Two,

I show that accounting for risky health behaviors substantially impacts the estimated

causal effect of oral tobacco use on oral cancer. Oral human papillomavirus (HPV) in-

fection, a sexually transmitted disease, is an established causal factor for oral cancer.

However, previous estimates of the relationship between oral tobacco use and oral cancer

failed to take into account risky health behavior (including HPV infection status), which

may have led to biased estimates.

Using both individual and aggregate level data, I explore the relationship between

tobacco use and mortality/mortality. I find that controlling for non-biomedical factors,
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which proxy risky health behavior, reduces the estimated relationship between oral to-

bacco use and all-cause mortality. My research findings suggest that when controlling for

smoking status, risky sexual behavior, and both demographic and economic variables,

oral tobacco is substantially less harmful than cigarette smoking. Current tobacco con-

trol policies are based on information regarding the health risks of alternative products.

Therefore, the new information I present in my research may impact individual and reg-

ulatory decision making.

In Chapter Three, I explore the potential consequences resulting from a harm reduc-

tion approach to smoking cessation. Although this study utilizes data from Scandinavia,

the findings are particularly relevant in the United States as the Food and Drug Adminis-

tration has been recently tasked with setting a policy regarding tobacco harm reduction.

In this chapter, I focus on a form of oral tobacco commonly used in Scandinavia (called

“snus”) that is believed to be less harmful than cigarette smoking. Some consider it a

tool to decrease the smoking rate (via substitution) while others view it as a means to

increase nicotine addiction (and potentially increase the smoking rate). To explore these

opposing claims, I exploit a quasi-natural experiment. When Finland joined the Euro-

pean Union in 1995, they were subject to a pre-existing ban on oral tobacco which made

illegal the sale of snus. This change in policy allows me to assess the effect of removing

a tobacco product from a market, in effect limiting the availability of this less harmful

alternative, and to explore the subsequent change in the smoking rate using Sweden as a

counterfactual. I find that in the post-ban period, smoking increased in Finland relative

to Sweden, a reasonable proxy for a pre-ban Finland. The results can be interpreted as

suggestive evidence of a change in the smoking rate due to the policy change.

While the first two essays address decision making and policies pertaining to popula-

tion level health, the second two essays look at improving employee retirement readiness.
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Over the years, defined contribution plans have become the primary vehicle to save for

retirement. Unlike their precursor, defined benefit plans, defined contribution plans offer

more choice and flexibility. Employees may choose their contribution rates and, often,

where their funds are invested. This increase in choice should be welfare enhancing to

individuals, but there is a downside. Participation is optional and not all eligible employ-

ees choose to participate in their employer sponsored 401(k) savings plan. The lack of

participation is surprising given that many firms offer to match some portion of employee

contributions, which can amount to a non-trivial increase in compensation. And for those

who do participate, not all do so at levels required to take full advantage of the match.

These issues are particularly disconcerting as many Americans under-save for retire-

ment and are not financially well prepared for their “golden years.” In effort to address

this concern, firms have begun adopting automatic enrollment programs whereby all new

hires are automatically enrolled in the firm sponsored 401(k) plan. While this proves to

be an effective tool in increasing overall participation, the default rate (the initial contri-

bution rate, as determined by the firm) may be suboptimal. Employees may contribute

at lower levels than they would have selected had they enrolled on their own. Automatic

enrollment programs may also lead to a reduction in wealth if, for example, some indi-

viduals forego paying high interest credit card debt because their net take home pay is

reduced by the amount of their 401(k) contribution. Although individuals are free to opt

out or change their contribution levels at any point, doing so presents a cost in terms of

effort. Desired changes in participation or contribution rates may never come to fruition

due to inertia. Furthermore, lack of sufficient financial literacy may prevent individuals

from making optimal saving decisions. In this case, education may prove useful in in-

creasing participation without resorting to automatic enrollment.
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In Chapter Four1 I undertake a study to explore the determinants of employee par-

ticipation in employer sponsored retirement saving programs. To do so, we surveyed all

newly hired workers at a large financial institution over a six month period. The objective

of the survey was to gain information regarding how employees make key retirement sav-

ing choices. Of primary importance was learning what sources of information employees

rely on when making these choices and what financial constraints affect participation and

contribution rates of these employees. We also included questions to gauge basic financial

literacy. This information provides the basis needed to formulate an approach to increase

employee participation in employer sponsored retirement saving programs.

Through the survey, we learned that the employer human resource department is re-

garded as a valuable source of information and that the employer match is a powerful

participation incentive. We also learned that many employees did not understand the full

value of the employer match or the tax advantages of participating in the 401(k) plan.

This information allowed us to develop a simple informational intervention designed to

increase participation. For simplicity, we focus on the value of the employer match and de-

veloped a one page flyer highlighting the value of saving in conjunction with the employer

match to demonstrate how saving today can lead to substantial wealth accumulation over

time.

To test the effect of the intervention, non-participants were randomly assigned to

treatment and control groups.2 After a short period of time (approximately two months),

we cross referenced administrative records to determine if the employee’s participation

status had changed. By disaggregating by age groups, we found that the younger employ-

1This is joint work with Robert Clark and Melinda Morrill.(Clark et al., 2013)
2Although our study design allows us to evaluate the effectiveness of the intervention, we can not

disentangle the effect of the intervention (which may address inertia) from the effect of information
(which addresses education).
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ees experienced a statistically significant increase in participation relative to the control

group. Among older employees, we found that the opposite occurred. We hypothesize

that the unexpected effect among older workers is an inadvertent result of the way the

information was framed. The design of the flyer highlighted the benefit of participation

as being achieved over a long period of time. While emphasizing the value of saving over

an extended period of time may have enticed younger employees to participate in their

company’s 401(k) plan, older employees may see little value if their saving horizon is 5

or 10 years which is significantly less than the 40 years required to reach the investment

growth depicted in the flyer. These results demonstrate the importance of framing an

intervention toward the target audience.3

Another result of the shift toward defined contribution retirement plans is that em-

ployees now face complex choices that will have a significant impact on their consumption

during retirement. If the employee lacks the information or financial acumen to evaluate

these choices, it may lead to flawed decision making. Making wise decisions is critical as

these choices are non-reversible.

As older workers approach retirement, deciding when to exit the workforce and when

to begin collecting Social Security are two key decisions which will affect their finan-

cial well-being during retirement. While many factors influence the retirement wealth

of younger workers (i.e. overall saving rate, participation in employer sponsored 401(k)

plans, investment choice, etc.), these two key decisions will have crucial implications for

the retirement wealth of older workers. If workers lack financial literacy, they may make

suboptimal decisions regarding these important choices. This highlights the importance

of financial literacy in making the transition out of the workforce. To increase employee

3The flyer design was adopted from material provided by the employer to all new hires at the firm.
As new hires vary in age, some “standard” material may have very different effects depending on the
characteristics of the individual recipient.
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knowledge, many organizations provide some type of retirement planning seminar to their

employees to help them make better informed retirement decisions.

While the correlation between financial literacy and increased wealth has been thor-

oughly researched, less is known about how new information can affect retirement de-

cisions. Of particular interest is whether information provided during a relatively short

period of time (i.e. one day) can materially impact retirement plans. Changing retirement

plans of those workers nearing retirement may be particularly challenging. Toward the

end of a career, a worker likely has a good idea of when he plans to retire and these plans

may be difficult to alter.

In Chapter Five4, I examine the participants in eighty-five seminars conducted by five

companies in 2008 and 2009 to determine how much learning takes place and whether

employees adjust retirement plans. Using surveys conducted before and after the semi-

nars, we find that information delivered during these retirement planning seminars does

increase participant financial literacy. Employees with the largest increases in knowledge

were most likely to change their planned retirement age and most likely to delay retire-

ment. These results highlight the importance of information as it may assist these older

workers in optimally timing departure from the workforce and deciding when to begin

collecting Social Security.

These studies underscore the important role of information in decision making. Poli-

cies based on unsound principles or incorrect information may make individuals worse off.

Limiting access to a less harmful alternative in hopes of reducing tobacco related morbid-

ity may have resulted in an increase in the smoking rate in Finland. Over-weighting the

health risks associated with oral tobacco in the US may deprive smokers of a less harm-

4This is joint work with Steve Allen, Robert Clark, and Melinda Morrill. The essay I present in
Chapter Five is an early version of our working paper (See Allen et al., 2013).
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ful alternative to cigarettes, which might have led to a decrease in the overall smoking

rate. In regards to employer sponsored programs, providing information increases em-

ployee retirement readiness. Younger employees receiving the informational intervention

more significantly more likely to initiate participation in their employer sponsored 401(k)

savings plan relative to the control group. Providing information to older employees at-

tending retirement planning seminars increased their financial literacy and led to changes

in their retirement plans.
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Chapter 2

Sex, Drugs, and Cancer: The

Association between Oral Tobacco

Use, Risky Sexual Behavior, and

Head and Neck Cancer

2.1 Introduction

Reducing smoking prevalence in the US is a major goal of national health policy.1 Al-

though the harmful side effects from smoking are well known, and despite public effort to

discourage uptake and encourage cessation, the decline in the smoking rate has stagnated.

Recent research indicates that some of the most promising methods to aid in smoking

cessation may have little long term impact (see Alpert et al., 2012). This highlights a dis-

1The US Department of Health and Human Services lists reducing tobacco use as a priority. Accord-
ingly, they have a stated objective of decreasing adult smoking prevalence to 12 percent by 2020.
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concerting reality facing smokers. Faced with increased risk of death and disease due to

smoking, many smokers want to quit but are unable to do so as the commonly advocated

methods to assist in smoking cessation are costly and offer questionable effectiveness. As

such, a harm reduction approach to tobacco consumption may provide a way to mitigate

this problem.

Tobacco harm reduction involves advocating the use of a less harmful alternative for

those smokers who are unwilling or unable to quit smoking. Within this framework, oral

tobacco may be an acceptable alternative to cigarette smoking.2 If the cost (in terms of

health risks) associated with oral tobacco use is less than the cost associated with smok-

ing, consumer welfare gains may be possible by substituting one product for the other.3

However, many in the health community oppose efforts to encourage smokers to substi-

tute oral tobacco for cigarettes. The reasons are two-fold: (1) oral tobacco is thought

to be harmful, so while it may be less harmful than smoking, complete abstinence is

preferable, and (2) framing a tobacco product as being less harmful than cigarettes may

induce usage by some who would have otherwise abstained. In addition, it is possible

that oral tobacco could act as a gateway to smoking if these new users become addicted

to nicotine and progress to cigarette smoking.4

Evaluating the health risks due to oral tobacco use is complicated and public percep-

tion regarding the competing risks is uninformed. Phillips and Heavner (2009) note the

misperceptions about the relative risks of these products are primarily due to three rea-

2In this paper, I use the term “oral tobacco” to refer to both snuff and chewing tobacco while the
term “smokeless tobacco” is generally used to refer to a wider range of products including e-cigarettes,
lozenges, and other smoke-free tobacco products.

3It is particularly relevant to consider the substitution possibility at present as a new generation of
oral tobacco products (called snus) that come in small, satchel-like packets and do not require spitting,
have been recently introduced in the US market.

4Evidence collected from Sweden, a country where oral tobacco use is high and smoking prevalence
is low, should alleviate some of the concerns about oral tobacco usage acting as a gateway to smoking
(see Maki, 2013a; Norberg et al., 2011; Rodu et al., 2002).

10



sons. Despite substantial evidence indicating otherwise, many people believe that (1) oral

tobacco use is as risky as cigarette smoking, (2) oral tobacco use is more likely to cause

oral cancer than smoking, and (3) nicotine causes cancer. Incorrect information about

the true risk associated with oral tobacco use prevents users from making consumption

decisions that maximize utility.

Oral tobacco use is commonly believed to cause cancer of the oral cavity and phar-

ynx, hereafter referred to as oral cancer. Studies that established the link between oral

tobacco use and oral cancer were published prior to 1990 (for example, see Winn et al.,

1981). However, reported estimates of the relative risk associated with use vary widely

depending on the sample restrictions applied and controlling variables employed in the

analysis (see Lee and Hamling, 2009). In addition, these early epidemiological studies

include very few (if any) controls and did not account for differences in individual risky

health behaviors.

A risk factor for oral cancer has recently emerged that is little recognized by those

outside of the health community. Oral infection of human papillomavirus (HPV), a sexu-

ally transmitted disease (STD), has been identified as a significant risk factor for cancers

of the head and neck(Auluck et al., 2010). As the link between oral tobacco use and oral

cancer was established prior to the identification of the role of HPV in cancers of this

region5 , it is possible that earlier risk estimates are incorrect due to omitted variables.

If important causal factors are omitted from a model, interpretation of the coefficients

from a regression equation is problematic. This omitted variable bias (or specification

bias) may lead to estimated coefficients that are inaccurate.

To the extent that the probability of engaging in risky health behaviors is correlated

5The first studies confirming the causal role of HPV in cancers of the head and neck were published
in the mid to late 1990’s (See Franceschi et al., 1996).
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(i.e. tobacco users may also be more likely to engage in risky sexual behavior – increasing

the risk of HPV infection), previous estimates of the relationship between oral tobacco

use and oral cancer may be overstated. In addition, oral tobacco use may be a proxy for

risky health behavior in general. This suggests that the estimated effect of oral tobacco

use on oral cancer may capture not just oral tobacco use, but a whole host of unhealthy

behaviors which may individually increase the risk of oral cancer.

Despite the large number of epidemiologic studies exploring the association between

oral tobacco use and oral cancer, the findings are not conclusive. Results from past stud-

ies are mixed, and furthermore, they fail to account for the role of risky health behavior.

Accordingly, further examination of the association between oral tobacco use and oral

cancer is necessary in order to determine the appropriateness of advocating oral tobacco

use as an alternative to cigarette smoking.

In this paper, I conduct two separate empirical exercises. I first use individual level

data to estimate the relationship between oral tobacco use and mortality. The results fail

to show a link between oral tobacco use and increased probability of death during the ten-

year period between the survey and the mortality follow-up. This may be due to the fact

that oral cancer is treatable and mortality represents only the most extreme outcome. As

such, I conduct a second analysis using state level data to explore the connection between

oral tobacco use and oral cancer incidence. This analysis is complicated by censored data

and selection, which I address in Section IV. In exploring cancer incidence, both smoking

and risky sexual behavior emerge as important risk factors while oral tobacco does not.

The results provide suggestive evidence that the correlation between oral tobacco use

and oral cancer can be explained, at least in part, by risky health behavior exhibited by

oral tobacco users.

The remainder of the paper is structured as follows. Section 2.2 contains background
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information and motivates the study. Section 2.3 presents individual level analysis eval-

uating the link between tobacco use and mortality. In Section 2.4, I focus on morbidity,

using state level data to investigate the link between oral tobacco use, risky sexual be-

havior, and cancer incidence. Section 2.5 concludes.

2.2 Background

Nicotine is a drug which can act as a stimulant. Studies show that it has been found to

increase both concentration and memory (Sherwood, 1993) and has been studied as a

potential treatment for those with Alzheimer’s, Parkinson’s, and Attention Deficit Hyper-

activity Disorder (ADHD) (Sacco et al., 2004). Presumably, tobacco users derive utility

from nicotine consumption, apart from satisfying cravings due to the addictive properties

of this drug. This, in part, may help explain why many smokers find quitting difficult and

why a harm reduction approach to smoking cessation may be a reasonable alternative to

currently recommended methods.

Tobacco use is linked to adverse health effects and is cited as the leading cause of

preventable mortality in the United States (Iwasaki et al., 2006). Cigarettes and oral

tobacco are the two most common tobacco products, but the health risk attributed to

use is not consistent across products. The harm from tobacco use can be broadly grouped

as resulting from three factors: (1) nicotine, (2) the additives and chemical reactions that

occur during the production process, and (3) the delivery method. Nicotine is addictive

and although it is not carcinogenic, nicotine may slow the body’s ability to destroy un-

wanted cells. Nicotine intake increases heart rate, blood pressure, respiration, and blood
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glucose levels (Marieb and Hoehn, 2007).6

The second factor, the production process, involves transforming the raw tobacco into

the final product used in oral tobacco and cigarettes. This process involves fermentation,

which leads to the development of carcinogenic tobacco-specific nitrosamines (TSN).7 In

addition, other additives that influence the taste or flavor of the product may also be

harmful.

The final factor, the delivery method, is where the difference in harm between the

two types of products is most evident. While consumers derive utility from nicotine con-

sumption, they may experience adverse health effects due to the nicotine delivery system

employed. Cigarette smoking requires the inhalation of smoke through the airways to

the lungs. Through inhalation, the chemicals in cigarette smoke are transmitted through

the bloodstream and reach many other parts of the body (Phillips and Heavner, 2009).

Smoking leads to both cardiovascular disease and chronic obstructive pulmonary disease,

which are major causes of death and disease.8 With oral tobacco, nicotine extraction oc-

curs through absorption across the oral mucus membranes. This method arguably results

in less risk than does smoking.

Due to the low prevalence of oral tobacco use, most of the discussion about tobacco

cessation revolves around cigarette smoking. Although the smoking rate in the United

States has declined since reaching a peak in the early 1980’s,9 19 percent of all adults

6There may be additional risk associated with nicotine use among pregnant women. Some studies
have found an increased risk of preeclampsia, preterm delivery, and low birth weight in infants of mothers
who use oral tobacco (England et al. 2010).

7A type of oral tobacco not included in this study but commonly used in Sweden and recently
introduced in the US (snus), differs from oral tobacco commonly used in the US as it contains far lower
levels of TSNs. Instead of fermentation, it is produced through a process similar to pasteurization which
prevents the formation of the carcinogenic nitrosamines.

8http : //www.cdc.gov/tobacco/data − statistics/fact − sheets/health − effects/effects − cig −
smoking/ (Accessed September 12, 2012)

9Trends in per capita cigarette consumption http : //www.lung.org/finding − cures/our −
research/trend− reports/Tobacco− Trend−Report.pdf (Accessed July 23, 2012)

14



over the age of 18 smoke cigarettes. Smoking cessation medications10 are recommended

by the US Department of Health and Human Services Clinical Practice Guide. Nicotine

replacement therapies (NRT) are commonly advocated as an appropriate tool to help

smokers quit.11 Funding for these products is publicly available with Medicaid programs

covering one or more forms of NRT in 39 U.S. states (Alpert et al., 2012). NRTs, approved

by the FDA, have increased in popularity with sales growing from 45 million dollars in

1984 to over 800 million dollars in 2007 (Cary, 2012).

Many studies using randomized controlled trials (RCTs) find that use of NRTs in-

crease the initial probability of quitting by up to 100 percent compared to those using

a placebo. While these results are promising, only a relatively small fraction of smokers

achieve prolonged abstinence (see Eisenberg et al. 2008 for a meta-analysis of 69 trials

involving a total of 32,908 patients). The modest long term results may still overstate

the general effectiveness of NRTs as findings from RCTs may not translate well into a

“real world” experience. A recent long-term population based study by Harvard’s Center

for Global Tobacco Control highlights this issue. In the study by Alpert et al. (2012),

their findings suggest that NRTs are generally not a successful component of a smoking

cessation strategy. This prospective cohort study that includes 787 adult smokers in Mas-

sachusetts finds that the long-term quit ratio of smokers utilizing NRT with or without

counseling was no higher than those who attempted to quit without the use of these aids.

These findings raise doubt regarding the overall efficacy of currently advocated smoking

cessation methods and should motivate discussion regarding alternative approaches.

10Medications identified in the US Department of Health and Human Services Clinical Practice Guide
include nicotine gum, nicotine inhaler, nicotine lozenge, nicotine nasal spray, nicotine patch, and two
non-nicotine medications: Bupropion SR and Varenicline. Nicotine Replacement Therapy (NRT) involves
the use of one or more of these medications. http : //www.ahrq.gov/clinic/tobacco/treating− tobacco−
use08.pdf(Accessed September 6, 2012)

11Nicorette Gum and the Nicotine Patch are widely available, but expensive. Both cost approximately
fifty five dollars for a pack. There are 100 pieces of gum in a package and 14 patches to a pack.
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Bans on public smoking are another tool used to decrease smoking prevalence. How-

ever, recent research finds that these bans may lead to increased smokeless tobacco use,

primarily through the dual use of oral tobacco products and cigarettes (McClave-Regan

and Berkowitz, 2011). Dual use among tobacco users is a concern for those in the public

health community as many believe it may hinder cessation. However, this dual use behav-

ior provides suggestive evidence regarding the substitutability among tobacco products.

If smokeless tobacco is equally as harmful as cigarette smoking, there may be little or no

public health gain associated with a change in consumption behavior. But, if smokeless

tobacco is less harmful, gains are possible, even among dual users.

If tobacco users are not fully informed about the differing health risks associated with

tobacco products, they cannot make optimal consumption decisions. Becker and Mur-

phy’s Rational Addiction framework (Becker and Murphy, 1988) posits that consumers

make consumption decisions that are influenced not only by past behavior (which can be

thought of as a habit stock in terms of an addictive good) and current utility, but also

take into account the future cost and benefits of use. The future cost component includes

health effects due to use. Within this framework, it is necessary that the consumer has

reliable information about the full cost of the good (both current and future) in order to

make utility maximizing decisions.

Becker et al. (1994) and Gruber and Koszegi (2001) utilize the rational addiction

framework and explore the effect of increases in excise taxes on current cigarette demand.

They find that consumers adjust current smoking levels in response to an anticipated price

increase, providing evidence of future looking behavior and the effectiveness of tax policy

to influence cigarette demand. Farrelly (2004) and Adda and Cornaglia (2006) also look

at the effect of tax increases on demand, but find evidence of compensating behavior.

They find that smokers react to an increase in price by choosing cigarettes higher in tar

16



and nicotine (Farrelly, 2004) and smoke the cigarettes they do consume more intensively

(Adda and Cornaglia, 2006). Although taxation has been shown to decrease demand,

this compensating behavior highlights a limitation of using taxation as a means to re-

duce cigarette consumption.

Less studied, but also important, are the externalities created by tobacco use. These

include the excess demand for medical care due to the adverse health effects from smok-

ing, the loss of productivity in the workplace, and secondhand smoke. Manning et al.

(1989) looks at the externalities of smoking and find that although smokers incur higher

medical expenses, they also die sooner. This in turn leads to a fairly balanced trade-off:

non-smokers subsidize smoker’s health care and smokers subsidize non-smoker’s pensions

and long-term care. Gruber (2001) notes that smokers not only take additional sick days

(compared to nonsmokers), but may also be less productive while at work.12 He also

notes that nonsmoker’s exposure to cigarette smoke results in a potentially nontrivial

externality. In comparing cigarette smoking to oral tobacco use, the latter creates fewer

externalities. Using oral tobacco in lieu of cigarette smoking may mediate some of the

loss of productivity due to smoking and would alleviate exposure to secondhand smoke.

In order to approximate the gains possible due to substituting oral tobacco for

cigarettes, an accurate assessment of the risk related to oral tobacco use is necessary.

However, findings on the relationship between oral tobacco use and oral cancer are mixed.

Lee and Hamling (2009) conducted a meta-analysis reviewing 89 studies exploring the

link between oral tobacco use, cigarettes, and cancer in North America and Europe.

They find that estimates of the relative risk of oral cancer vary widely depending on the

timing of the study and the sample restrictions applied. Although cigarette smoking is

consistently identified as a causal factor for oral cancer in all time periods, early stud-

12Presumably, one factor that lowers their productivity is the time that smoke breaks require.
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ies (pre-1990) find an association between oral tobacco use and oral cancer while most

studies conducted after 1990 do not. The reason for the difference in results is not clear,

although a likely candidate is the use of controlling variables employed.

Epidemiological studies that established the link between oral tobacco use and oral

cancer failed to account for risky sexual behavior, and in particular, oral HPV infection,

a known causal factor for oral cancer. HPV is generally associated with genital infection,

but oral infection is a growing concern (see Chaturvedi et al., 2011; Kreimer et al., 2005;

Gillison et al., 2012). There are many different strains of the HPV virus, some of which

are harmful and others that are thought to be innocuous. Infection is site specific and

may occur in the genitals or oral cavity and throat. Oral infection is generally through

oral to genital contact but may also occur with heavy kissing. The body has the ability

to clear the virus, but there is currently no treatment available to cure HPV infection.

Gillison et al. (2012) conducted a study using data from the 2009-2010 National

Health and Nutrition Examination Survey (NHANES) and estimated that the oral HPV

infection rate was 6.9 percent among individuals aged 14-69 years old. For HPV-16, one

of the high risk strains, the prevalence rate is 1.0 percent. They note that prevalence

increased with the “number of sexual partners and cigarettes smoked per day,” but did

not comment on the role of smokeless tobacco use. In a review of 60 studies, Kreimer et

al. (2005) calculated that the average HPV positivity rate was 35.6 percent for cancerous

tumors of the oral cavity. Chatuvedi et al. (2011) notes that the number of oral cancer

cases linked to HPV has been increasing and if recent trends continue, the number of oral

cancer cases due to HPV is expected to surpass the number of cervical cases by 2020.

Risky sexual behavior is one specific risk factor that can influence individual health,
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and distinct risky health behaviors may be correlated.13 Early research using case-control

analysis or cohort studies often did not control for confounding factors14 while more re-

cent studies generally include a richer set of controls. As oral tobacco users differ from

non-users in many ways, failing to control for economic and demographic variables that

proxy for time preference and risky behavior (which can affect health outcomes) compli-

cate the interpretation of study findings.

Due to the issues stated above, previous research attempting to estimate the rela-

tionship between oral tobacco and oral cancer produce findings which are not sufficient

to reach a conclusion. For this reason, further examination of the association between

oral tobacco use and oral cancer is warranted. To estimate the population level health

risk associated with oral tobacco use, while controlling for economic and demographic

variables, I employ two different approaches. The first approach utilizes mortality-linked

individual level data while the second, addressed in Section 2.4, focuses on cancer inci-

dence using aggregate state level data.

2.3 Individual Level Analysis: Mortality

Using data from the 1994 Integrated Health Interview Series (IHIS), I explore the associ-

ation between tobacco use behavior and mortality. The data was collected by the CDC’s

National Center for Health Services (NCHS) for the National Health Interview Survey

(NHIS). The interview covers a range of health topics as well as collects demographic and

13Risky health behavior can be thought of as making suboptimal health decisions (i.e. poor diet,
failure to seek preventative medical care, failure to take safety precautions, and engaging in risky sexual
behavior.)

14As technology has improved greatly within the last few decades, failure to control for these variables
in early studies was likely due, in part, to limitations in computing power or data restrictions.
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economic information of respondents. The 1994 series covered tobacco use in a special

topic component that included questions regarding oral tobacco usage. Adults who pro-

vided sufficient information were eligible for inclusion in the mortality linkage follow-up.

Linked mortality data indicate mortality status as of 2004. Mortality data include an

indicator as to whether the individual was assumed deceased15 at the time of follow up

and cause of death, if available.

The IHIS mortality linked sample includes observations on 19,349 individuals age 18

and older.16 The sample is 42 percent male and 81 percent white. Respondents located

in the South make up 32 percent of the sample. As of 1994, 25 percent of respondents

indicated that they were current smokers, while only 2.6 percent were current oral to-

bacco users. Approximately 16 percent of the sample were assumed deceased at the date

of follow-up.

IHIS data allow for an examination of the association between oral tobacco use and

all-cause mortality within a richer context than that typically utilized in past epidemiolog-

ical studies exploring the link between oral tobacco use and related morbidity/mortality.

These dated case-control studies and cohort analysis pose several concerns. Although

case-control studies include a large number of cases, the controls are usually matched

only by age, and possibly race and/or gender. The two groups often differ markedly by

education, income (if reported), and other variables. As the control group differs from

the case group in meaningful way, results may be biased.

15Per IHIS documentation, “mortality status was determined by NCHS based on probabilistic
matches of survey participants’ NHIS records to National Death Index (NDI) records.” http :
//www.ihis.us/ihis− action/variables/MORTSTAT/description− tab(Accessed September 7, 2012)

16This sample differs from the underlying population as only those respondents who provide sufficient
information for the mortality follow-up are included. As adult respondents who provide sufficient infor-
mation to be included in the mortality follow-up may differ from those who do not, NCHS developed
eligibility weights to correct for this potential bias. In results not shown, the use of the eligibility adjusted
weights did not materially change the regression results.
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Cohort analysis generally includes a larger sample than what is typical for a case-

control study, but the cohort is not reflective of the US population. For example, the

two major cohort studies investigating the link between oral tobacco and oral cancer are

US Veterans Study and the Cancer Prevention Study. The Veterans study, as the name

suggests, was limited to veterans who as a whole, differ from the general US popula-

tion (Zahm et al., 1992).17 The Cancer Prevention Study II (CPS-II) cohort consists of

friends, neighbors, and acquaintances of American Cancer Society volunteers. The study

participants were more educated, had higher incomes, were more likely to be married,

and were less racially diverse than the general US population (Henley et al., 2005). The

CPS-II study compares men who used tobacco with men who never used other tobacco

products (including cigarettes). Individuals who use tobacco differ from non-users in cer-

tain ways (a commonly cited example is general time preference and self-control (Kan,

2007)). Tobacco users may be more likely to engage in risky sexual behavior or other

activities detrimental to one’s health. The use of this tobacco-free reference group may

lead to biased findings.18

The IHIS sample corresponds closely to a cohort study in design, but the sample is

more representative of the US population than those used in either of the cohort studies

referenced above. As the IHIS dataset does not contain a measure of risky sexual be-

17The Veterans study included a total of 248,046 veterans who completed a tobacco use history ques-
tionnaire by mail in 1954 or in 1957. Findings show that those who had ever used oral tobacco experienced
a 40 percent excess risks of oral cancer (though the result was not statistically significant). As of 1980,
there were 119 deaths due to oral cancer among this cohort. However, of the 2,038 veterans who indi-
cated that they used oral tobacco only (no cigarette smoking), there were no reported deaths due to oral
cancer.

18Although the CPS-II has several limitations (as noted above), it is the most recent study conducted
exploring the link between oral tobacco use and cancer. The initial survey was conducted in 1982 and the
study has a sample size of 114,809 individuals. The sample consists of males that either used smokeless
tobacco or never used any type of tobacco. There are 3,327 respondents who report exclusive use of
oral tobacco. The 18 year follow-up period identified 19,588 deaths (17 percent), only one of which is
attributed to oral cancer.
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havior, I do not consider the relationship between oral HPV infection and oral cancer

incidence here. However, the role of risky sexual behavior is addressed in the second ap-

proach which uses state level data. The analysis presented in this section demonstrates

how the relationship between oral tobacco use and mortality changes as more controls

are added to the model. Using the IHIS data, I estimate the increase in mortality at-

tributable to tobacco use while controlling for economic and demographic characteristics

of respondents. I estimate the following equation using logistic regression:

Pr(Deathi = 1) = β0 + β1Xi + β2Whitei + β3Malei + β4Smokei+

β5OralTobaccoi + εi (2.1)

where i refers to the individual and X is a vector of economic and demographic char-

acteristics including age, years of schooling, married, income categories as used in the

survey, and region indicators. The dependent variable indicates the probability of dying

within ten years of completing the survey.

To highlight the difference in findings that result from including non-biomedical con-

trols (i.e., income, education, etc.) and to allow for a comparison between my findings

and those from early epidemiological studies, which use few controls, I consider several

specifications of equation (2.1).19 Table 2.1 presents the regression results with the coef-

ficients presented as average marginal effects. Column (1) contains the base specification

which controls only for age. We see that when including only the control for age, both

oral tobacco use and cigarette smoking are associated with a greater probability of death.

19When comparing the relationship between tobacco use and mortality, most epidemiological studies
that have been conducted in the past (1950’s-1990’s) implement controls for age, race, and gender while
more recent studies may include controls for income or education, but generally not both. Region is
generally not accounted for. See Lee and Hamling (2009) for a review of 89 epidemiological cohort and
case control studies investigating smokeless tobacco use and cancer.
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In column (2), I add race and gender as additional controls. While there is little change

in the coefficient on Smoke or Age, the estimated coefficient on Oral Tobacco becomes

smaller. In comparing the relative magnitude of the estimated coefficients on the tobacco

use variables, we see that the coefficient on Smoke is nearly three times the size of that

of Oral Tobacco. In column (3) I include the full model with controls for education, in-

come, marital status, and region. Controlling for income is important as the correlation

between health and income is well established. Education is an important variable as it

can be used as a proxy for time preference. Including region can control for differences in

lifestyle and population health. Including these additional controls leads to a significant

reduction in the size of the estimated coefficient on Oral Tobacco and the variable is no

longer statistically significant.20

This final set of results indicates that cigarette smoking is associated with a statisti-

cally significant increase in the probability of death. The average marginal effect is seven

percentage points, which is approximately 43 percent of the mean death rate. Males and

those residing in the South also experience an increase in the probability of death. On

the other hand, having additional years of schooling, having income above 40,000 dollars

per year, and being married are associated with a reduction in the probability of death.

Within this specification, when controlling for confounding factors, I fail to reject the

null hypothesis that oral tobacco influences mortality.

[Table 2.1]

The IHIS dataset also includes cause of death. Of the 3,200 deceased individuals

in the dataset, 11 cases list oral cancer as the cause of death. It is interesting to note

20As oral tobacco use may be collinear with gender, in results not shown I estimate the full set of
regressions on a sample limited to males only. Within this specification, the estimated average marginal
effect of oral tobacco is smaller (0.002) and remains insignificant. The remaining estimated coefficients
are similar to those presented in Table 2.1 using the full sample.
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that none of those with oral cancer as the cause of death indicated current or former oral

tobacco use at the date of the 1994 interview. However, 9 of the individuals were smokers.

2.4 Aggregate State Level Analysis: Morbidity

Although the coefficient on oral tobacco use is not statistically significant in the full

model using IHIS data, it may be that a relationship between oral tobacco use and death

does not emerge because the disease is treatable. In this case, exploring the relationship

between use and incidence of cancer would be more informative. In this second part of

my analysis, I turn my attention to incidence.

Individual level data that includes behavioral measures and linked health outcomes

over an extended period of time (i.e., 30 years or more) would be the preferred method

to investigate the health effects related to oral tobacco use. However, population-wide

individual level data that include information on tobacco use, health related metrics in-

cluding sexually transmitted disease, demographic and economic information, and cancer

incidence does not exist. Therefore, I utilize an approach based on aggregated state level

data. Reporting of oral cancer diagnosis allows patients to remain anonymous, and as

such, case data cannot be linked to individuals. The cancer incidence data (the outcome

of interest) are reported by geographic region and the analysis presented here uses data

at the state level.21 However, counts are suppressed if there were fewer than 16 cases

for that race-gender-state cell. As the data are censored, sections IV.3 and IV.4 include

a discussion of conducting regression estimation when missing values of the dependent

variable coupled with selection is present.

21While county level data are available, I use state-level cancer incidence data as the tobacco use data
from the CPS-TUS are not available at the county level.
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Since tobacco use behavior and demographics vary widely among race and gender, I

construct four groups of individuals from each state and present average economic, de-

mographic, and tobacco use behaviors for white females, white males, black females, and

black males, which results in sample size of 204. Grouping by race and gender maintains

the observed differences present in the sample; aggregating over all groups would result

in a loss of meaningful variation.

I use the state-level oral cancer incidence rates for each of the four race-gender groups

used in the analysis. Incidence is recorded as the rate per 100,000 so as to make rates

comparable across populations of various sizes. While the cancer incidence data is at

the race-gender-state level (as obtained from the data source), demographic, economic,

and tobacco use variables are at the individual level. In order to make the independent

and outcome variables comparable, I aggregate demographic, economic, and tobacco use

data to the race-gender-state level. The demographic, economic, and tobacco use data

are transformed so that they present not individual responses, but the rate for that spe-

cific group. Tobacco use rates can be interpreted as a measure of intensity of use. For

example, if 20 percent of black males in Oregon smoke cigarettes, their group level use

rate is recorded as .2. This format allows the researcher to explore how variation in inten-

sity of use of tobacco corresponds to oral cancer incidence. This methodology may more

fully capture the harmful effects due to cigarette smoking compared to analysis based

on individual level data. If the relative intensity of cigarette smoking is high among a

particular race-gender-state cell, it is reasonable to assume that so too is the presence of

second hand smoke. As such, the negative externality (in the form of second hand smoke)

created by smoking is accounted for implicitly in the approach I employ in my analysis.
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2.4.1 Data

A benefit of using state level data is that it allows me to draw data from many different

sources to construct a rich dataset. Demographic, economic, and tobacco use data were

obtained from the 2006-2007 and 2010 waves of the Current Population Survey - Tobacco

Use Supplement (CPS-TUS). The 2006-2007 waves include observations on 237,199 in-

dividuals in all 50 states and the District of Columbia. The May 2010 wave includes

84,180 observations. Although there were a total of 321,37922 individuals interviewed for

the tobacco use supplement, some race-gender groups in some states comprised of only

a very small number of observations. This makes group level tobacco use behavior, de-

mographic, and economic information for these cells less reliable. As such, I developed

sample inclusion rules. Groups with either a 0 or 100 percent marriage rate, or a smoking

rate of 0 or greater than 40 percent23 were deemed to be unsound and dropped from the

sample. The final sample size after excluding these unreliable observations was 195.24

Sampling weights were used to account for complex survey design and were used in

collapsing the CPS-TUS data to the state level. The weighting variable is a composite

that includes the inverse of the probability of inclusion in the sample and ratio estimates

22The sample was further limited to those individuals who self-identify as “Black Only” or “White
Only”, which resulted in a total of 298,506 observations

23The upper limit of 40 percent was based on the maximum smoking rate (37 percent) for each
race/gender/state group in the CDC’s 2008 Behavioral Risk Factor Surveillance System (BRFSS)
dataset. The BRFSS sample is much larger and includes more observations for each group which leads
to a higher precision in estimates. However, the BRFSS data was not suitable for the analysis presented
here as oral tobacco use was covered in a supplemental module administered in only a small number of
states.

24The 298,506 individual observations were grouped by race and gender and collapsed at the state level.
The 50 states and the District of Columbia result in 51 distinct geographic locations. The four race-gender
groups (White Male, White Female, Black Male, and Black Female) provide four sets of observations
for each state, for a total of 204 observations. Nine observations were dropped which resulted in a final
sample size of 195. To test the sensitivity of results to the removal of these 9 observations, regressions
using the full sample (N=204) were computed and are available upon request. Comparing the regression
results using the full sample to those using the final sample (N=195) demonstrates that the exclusion of
these 9 observations does not materially alter the results.
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which account for any difference in the distribution of the population selected for the

sample with the characteristics of the population of that state (US Department of Com-

merce, Census Bureau, 2008).

Although HPV infection is of particular relevance, state-level data on HPV infection

are not available. The CDC estimates that approximately 20 million Americans are in-

fected with HPV and that 50 percent of people who are sexually active will contract the

virus at some point in their lives.25 Despite the high prevalence, no large scale population

level data are collected. The National Cancer Institute notes that although DNA tests

can be used to determine HPV infection status, the FDA approves these tests only under

two circumstances: (1) as a follow up test for women with an abnormal Pap Test and (2)

for cervical cancer screening for women over the age of 30. The FDA has not approved

a method to diagnose HPV infection in males, nor is there any recommended screening

method.26

Due to the poor quality of HPV infection statistics, I use the second most common

STD, chlamydia, as a proxy for risky sexual behavior. Chlamydia infection rates are likely

related to HPV infection rates for two reasons: there are similar risk factors for both HPV

and chlamydia infection, and there is an established association between chlamydia infec-

tion and HPV infection (Samoff et al., 2005; Oakeshott et al., 2012). A major risk factor

for both HPV and chlamydia infection is risky sexual activity reflected by a high number

of sexual partners (Moscicki et al., 2001). Both types of infection are more likely to occur

in teens and young adults. Research has shown that concurrent chlamydia infection is a

25Estimates are based on findings from the 2003-2004 National Health and Nutrition Examination
Survey (NHANES). Residents in 15 counties were selected to participate in the health examination
survey. The small sample on which this estimation is based comprises of females aged 14-59 years old
residing within the selected counties. http : //www.cdc.gov/std/HPV/STDFact−HPV.htm (Accessed
July 27, 2012)

26http : //www.cancer.gov/cancertopics/factsheet/Risk/HPV (Accessed May 17, 2012)
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risk factor for vaginal HPV infection (Oakeshott et al., 2012) and that chlamydia infec-

tion is associated with persistence of high risk HPV infection (Samoff et al., 2005). In

the simplest terms, both chlamydia and HPV are associated with risky sexual behavior

and having one infection increases the risk of contracting the other. If the relative level

of risky sexual behavior is high, it is reasonable to assume that so is the relative level of

HPV infection. I obtained state level data by race and gender on chlamydia infection for

2006-2008 from the CDC.

I use data on cancer incidence which I obtained from the United States Cancer Statis-

tics (USCS), which compiles the official statistics from the cancer registries of all 50 states

and the District of Columbia27. The data provide measures of the average annual cancer

incidence (rate per 100,000) for the period 2006-2008. The data are aggregated by site

(for example, incidence data are reported for cancers of the oral cavity and pharynx

jointly) and are available for both lung cancer and oral cancer, as well as a host of other

types of cancers. An advantage of using the aggregate level data is that they allow me to

achieve broader coverage than that obtained in any research study on this topic. While

the number of oral cancer cases included in many epidemiological studies is usually in

the range of 100-350, my study design allows me to include all cases reported in all 50

states and the District of Columbia during 2006-2008, over 33,000 cases. However, can-

cer incidence rates are suppressed if the actual number of cases does not reach a preset

threshold. Accordingly, groups with low incidence or with low underlying population sizes

are more likely to be recorded as missing. The sample size limited to those observations

with non-missing data is 164.

27The United States Cancer Statistics (USCS) compiles the official statistics from the cancer registries
of all 50 states and the District of Columbia. They are produced in collaboration with the CDC, the
National Cancer Institute (NCI), and the North American Association of Central Cancer Registries
(NAACCR).
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Table 2.2 presents sample means. The sample is balanced by race and gender due

to sample construction method employed. The sample-wide oral tobacco use rate is less

than 2 percent and the smoking rate is approximately 18 percent. The average age of

the respondent is 44 with an average of 12.9 years of schooling. The remaining columns

illustrate the difference in demographics and tobacco use behavior by race and gender.

We see that oral tobacco use is more widespread among white males, while cigarette

smoking is more prevalent among black males. The chlamydia infection rate is higher

among females than males of the same race.

[Table 2.2]

2.4.2 Econometric Framework

As oral cancer is not instantaneous, most research incorporates a lag between use and

diagnosis. In the research presented here, statistics pertaining to use behavior and can-

cer incidence are contemporaneous. As such, identification relies on the preservation of

relative differences in use patterns between groups over time.

Nelson et al. (2006) investigate the trend in oral tobacco use over time. They find

that oral tobacco use has steadily declined between 1987 and 2000. The average annual

change among men during this period was .14 percentage points. Although the decline

has been somewhat steady, the relative rate of decline has varied by race/ethnicity, edu-

cation, and age groups. While this has served to magnify the difference in use behavior by

group, the relative ranking in use prevalence between groups has remained unchanged.

For example, although the rate of decline among black males has exceeded that of white

males (-0.24 vs. -0.09), oral tobacco use by white males is at least 3 percentage points
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higher during each year for which use statistics were reported.28 Their findings indicate

that between-group and within-area variation in oral tobacco use behavior persist over

time. As the tobacco use statistics gathered in 2006-2010 will not be perfectly correlated

with oral tobacco use from the appropriate period (i.e., 20 to 30 years in the past, an

appropriate amount of time to develop cancer attributed to tobacco use), there may be

attenuation bias due to measurement error. As such, the magnitude of my coefficients

should be interpreted with some degree of caution.

Identification relies on geographic variation in tobacco use behavior, risky sexual be-

havior, and oral cancer incidence. Figure 2.1 presents a representation of the geographic

variation in the intensity of oral tobacco use for each race/gender group. We see that oral

tobacco use among black females is heavily confined to the South, while use among white

females is relatively more dispersed with high use states located in both the Midwest and

the South. Difference in use patterns also emerge when comparing black and white males.

There is a relatively high level of oral tobacco use among white males in the Midwest,

while use among black males in this region is comparatively low.

[Figure 2.1]

Figure 2.2 illustrates the geographic variation in risky sexual behavior (evidenced

by chlamydia infection) for the race/gender groups. We see distinct variation in relative

prevalence of infection by race. Within each race group, there is positive but imperfect

correspondence between males and females. Figure 2.3 presents the geographic variation

in oral cancer incidence. The states without shading indicate areas for which incidence

data are suppressed.

28Statistics are reported for 1987, 1994, and 2000. Prevalence of smokeless tobacco for black males
is estimated at 3.9 (2.8-5.0) in 1987, 2.8 (1.6-4.0) in 1994, and 1.4 (0.8-2.0) in 2000. Prevalence among
whites during the same period was 6.9 (6.2-7.6), 7.4 (6.4- 8.4), 5.5 (5.0-6.0), with confidence intervals
reported in parenthesis.
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[Figure 2.2]

[Figure 2.3]

I exploit geographic variation in prevalence of oral tobacco use and the incidence of

oral cancer at the state level to explore the relationship between oral tobacco and can-

cer. As identification relies on geographic variation, I do not use population weights in

estimating the regression equation. Although characteristics of smaller groups may be

less precisely measured, weighting by population size would allow those states with the

largest populations (California, New York, Florida, and Texas) to largely determine the

results.29 I utilize a reduced form model using the following equation:

OralCancerg,s = β0 + β1Xg,s + β2OralTobaccog,s + β3Smokeg,s + β4Whiteg,s+

β5Maleg,s + β6STDg,s + εg,s (2.2)

Where g refers to the race/gender group (white female, black female, white male, black

male) and s refers to state. X variables include: age, a quadratic in average weekly

earnings, years of schooling, a region indicator, and marital status. Weekly earnings are

presented in hundreds of dollars. Married specifies the percent of the population who

indicate that they are currently married. The tobacco use variables represent the percent

of the population within that race-gender-state cell that report currently using either

tobacco or cigarettes, respectively. The region variable is an indicator function that iden-

tifies the location of the observational unit. White and Male are dummy variables that

represent the race/gender identity of the group.30 The STD variable accounts for the

29In results not presented, using population weights produced coefficients that were largely similar to
those presented in this paper with one exception: the estimated coefficient on Currently Smoke Cigarettes
was small in magnitude and statistically insignificant.

30Earlier versions of this work included a full set of regional controls and results are available upon
request. As Resides in the South was the only variable that proved meaningful in the regression analysis,

31



prevalence of risky sexual behavior. Oral HPV infection, a STD, is widespread and has

been identified as a causal factor for oral cancer so the coefficient on this variable is

expected to be positive and significant.

I present regression results estimating equation 2 using OLS on the sample of non-

censored data (N=164) in Table 2.3. In column (1) of Table 2.3, both oral tobacco use

and cigarette smoking are positive and significant predictors of increased oral cancer in-

cidence rates. The coefficient on Currently Use Oral Tobacco is over 3 times as large as

the coefficient on Currently Smoke Cigarettes. The estimated coefficients in this column

indicate that increasing the average oral tobacco use rate by 10 percent would result in

14.2 more cases of oral cancer while increasing the smoking rate by 10 percent would

result in 4.4 more cases. However, controlling for race and gender in column (2) signifi-

cantly reduces the size of the coefficient on Currently Use Oral Tobacco.

Column (3) includes the STD variable. HPV is an established risk factor for oral can-

cer that has not been controlled for in previous studies exploring the link between oral

tobacco use and oral cancer. Failure to account for this important risk factor may have re-

sulted in biased estimates if risky sexual behavior is correlated with some of the variables

in the model. The coefficient on STD is statistically significant at the 1 percent level.

The inclusion of this variable in this column reduces the coefficient on Currently Use Oral

Tobacco and results in a loss of statistical significance for this variable.31 This provides

some suggestive evidence that the risk associated with oral tobacco use as found in pre-

vious studies may be due, in part, to differences in the individual’s risk behavior profile.

The resulting omitted variable bias may have been responsible for an over-weighting of

the final specification included only this regional control. As the number of observations is small, non-
essential variables were excluded from the final specification.

31The estimated coefficient on Currently Use Oral Tobacco between the 2nd and 3rd column is statis-
tically significantly different at the one percent level.
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the health risk associated with oral tobacco use. The estimated coefficient on Currently

Smoke Cigarettes remains large and statistically significant, highlighting the causal role

of smoking on oral cancer.

Column (4) includes the full set of demographic and economic controls. Married is

negatively associated with oral cancer incidence, while Currently Smoke Cigarettes, Re-

sides in the South, and Age are positively associated with oral cancer incidence. The

positive estimated coefficient on Age is not surprising as the probability of developing

cancer increases with age. Region indicators may be acting as a proxy for environment

or as an additional health metric. According to the CDC, the obesity rate in the South

is 29.4 percent, the highest in the US.32 As obesity is associated with poor health, this

may explain the significance of the Resides in the South variable. Although income is

generally thought to be negatively correlated with poor health, the estimated coefficient

on Average Weekly Earnings is positive. The reason for this is not clear, however the

association between income and drinking may be driving this result. While the health

effect of alcohol is often debated,33 it is a noted risk factor for oral cancer incidence.

However, the data I utilize in this analysis do not contain information on alcohol con-

sumption for the race-gender-state cells, so I do not control for this factor. As income

and alcohol consumption are positively correlated (see Cawley and Ruhm, 2011), income

may be acting as a rough control for drinking within the specification.

Tobacco users vary from non-users in many ways, a major difference being that users

chose to engage in an activity that they likely believe is detrimental to their health.

This willingness to engage in risky behavior may be captured in part by the tobacco use

32Obesity rates by region, CDC 2010 http : //www.cdc.gov/obesity/data/adult.html/ (Accessed July
23, 2012)

33Moderate alcohol consumption may provide some positive health benefits while excessive consump-
tion is destructive to overall health.
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variables, but these variables cannot alone explain, in the entirety, the difference in risk

behavior between different individuals. Including additional controls such as income and

marital status also account for individual differences that may affect health behavior and,

as a result, health outcomes.

The results in this final column indicate that smoking is associated with increased oral

cancer incidence. It is surprising to find that the coefficient of oral tobacco is effectively

zero and is not statistically significant. However, measurement of the coefficient suffers

from a lack of precision as indicated by the large standard errors.

Estimates of the risk associated with oral tobacco use, cigarette smoking, and oral

cancer vary widely in the existing literature. Although it is not possible to compare the es-

timated coefficients derived from equation 2.2 (where the dependent variable is expressed

as the oral cancer rate per 100,000) with the those findings in the previous literature (that

use individual level data and present estimates as odds ratios), it is possible to compare

the relative magnitude of the effects due to cigarette smoking with those due to oral

tobacco use within each framework. In investigating the link between oral tobacco use

and head and neck cancer among white women, Winn et al.(1981) find the risk associated

with oral tobacco use to be 145 percent greater than the risk associated with cigarette

smoking. Stockwell and Lyman (1986) control for race, sex, age and tobacco use and

categorize smokers by number of cigarettes smoked per day (no such classification is pro-

vided for oral tobacco users). The controls they employ are similar to those implemented

in the specification presented in Table 2.3, column 2 where the estimated coefficient of

oral tobacco is approximately 103 percent larger than the coefficient on smoking. Stock-

well and Lyman (1986) find that for those who smoke fewer than 20 cigarettes per day,

the odds of developing cancer of the mouth and gums are 224 percent greater for oral

tobacco users than for smokers. However, for heavy smokers (those consuming 40 or more
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cigarettes per day) smoking appears to be more malignant; this group experiences 196

percent higher odds relative to oral tobacco users.

[Table 2.3]

2.4.3 Estimation: Multiple Imputation

A complication arising from the cancer incidence data source is that counts are suppressed

if there were fewer than 16 cases reported for that specific race/sex/region group. Table

2.4 presents means by censoring status as implemented by the NCI. The table highlights

the difference in characteristics between the censored and non-censored groups. Those

included in the censored group are, on average, lower paid, younger, more likely to be

black, less likely to be married, and have a higher chlamydia infection rate. The table also

includes the lung cancer incidence rate for these two groups. Although this measure is

somewhat incomplete as it is subject to the suppression criteria described above, a larger

number of counts were released (N = 182). By comparing the groups divided by oral

cancer censoring status, we see that those in the censored group experience, on average,

lower lung cancer incidence rates.

[Table 2.4]

Although regression analysis can be performed on this sample of non-missing data,

the results may be biased. As demonstrated in Table 2.4, there are non-trivial differences

in the demographics and tobacco use behavior between the observations with and without

censored data that may lead to biased parameter estimates. To deal with the censored

data, I use two separate approaches: Multiple Imputation and Heckman Selection.

Multiple Imputation (MI) is a simulation based approach to analyzing incomplete

data. It uses observed data to predict missing values. This approach involves the devel-
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opment of an imputation model that is used to create multiple imputed datasets. The

imputation model includes not only those variables used in the outcome equation, but

also additional variables such as population size and the relative proportion of the state

population represented by that particular group. The imputed datasets are used individ-

ually for estimation, after which the estimation parameters are pooled to create a single

set of estimates. The standard error of these estimates contains two components: within

imputation variance (the average of the standard error squared across imputations) and

the between imputation variance (the variance of the parameter estimates across im-

putations). Incorporating the additional variance when using imputed values properly

accounts for the uncertainty introduced by imputation (Little and Rubin, 2002). MI re-

gression estimates were performed using OLS.34

I present regression results using MI in Table 2.5. The results are similar to those

found when using OLS regression on the non-censored data (Table 2.3). However, there

are some small differences in the magnitude of the estimated coefficients. By comparing

the results from each of the four specifications presented in Table 2.5 (MI), we see that,

consistent with the findings presented in Table 2.3, including variables that account for

risky heath behavior and differences in economic and demographic characteristics of in-

dividuals systematically affects the magnitude of the estimated coefficient on Currently

Use Oral Tobacco.

[Table 2.5]

34The results presented in this subsection were estimated with the use of the MI function in Stata 12.
To ensure that imputed values were non-negative, an option specifying a lower limit of 0 was used. For
each specification, twenty imputations were performed.
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2.4.4 Estimation: Heckman Selection

The validity of the results presented using MI relies on the assumption that the cen-

sored data are missing at random (MAR) (see Kenward and Carpenter, 2007, for further

discussion.). If the data are missing not at random (MNAR), valid results can only be

obtained by accounting for the mechanism that causes the missing data. Oral cancer

incidence rates are censored (suppressed) if there are fewer than 16 cases present in

that race-gender-region group. Accordingly, groups with small underlying populations or

that experience low incidence are less likely to be observed. In this case, the missingness

mechanism is a function of the case count, therefore, the missing data are MNAR. If an

unobserved factor is correlated with both the probability of inclusion in the sample and

the cancer incidence rate, the estimates produced using MI may be affected by sample

selection bias. To account for the selection that may be present, a Type II Tobit (Heck-

man) estimation model may provide more reliable results.

The Heckman estimator is widely used to correct for selection. Within this context,

the latent variable, Y∗1, will denote the annual oral cancer incidence rate. This variable is

observed only if a second latent variable, Y∗0 is greater than 0. In this case, Y∗0 indicates

whether the data collector allows the rate to be revealed in the data set. Although the

typical case of sample selection occurs when there is self-selection by the individuals be-

ing studied, Heckman (1979) notes that “sample selection decisions by analysts or data

processors operate in much the same fashion as self-selection.”

The two equation model is comprised of a selection equation where

Y0 =


1 if Y ∗0 > 0

0 if Y ∗0 ≤ 0

(2.3)
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and an outcome equation where

Y1 =


Y1 if Y ∗0 > 0

unobserved if Y ∗0 ≤ 0

(2.4)

The cancer incidence rate is observed only if Y∗0 >0, and has a binary form, 1 if observed, 0

if not. The model is assumed to be linear with additive error terms and can be represented

as

Y ∗0 = Zδ + µ (2.5)

Y ∗1 = Xβ + ε (2.6)

where X and Z are vectors of regressors. X is a subset of Z, where Z includes the

additional variable used for identification. The jointly normal distributed error terms,

µ and ε have a mean expected value of zero and have a correlation coefficient ρ. The

variance of the selection equation error term is normalized so that σ2
µ=1. Conditioning

on the subset of the population for which Y0=1, the expected incidence rate can be

expressed using the following formula (Greene, 2003):

E [Y ∗1 | Y0 = 1, X, Z] = E [X ′β + ε | Y ∗0 > 0] (2.7)

= X ′β̂ + E [ε | µ > −Z ′δ] (2.8)

= X ′β̂ + ρ̂σ̂ε
φ

Φ
(2.9)
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where Φ(·) is the cumulative density function of the standard normal distribution and

φ(·) is the corresponding probability density function. Simplifying, it can be written as

E [Y ∗1 | Y0 = 1, X, Z] = X ′β̂ + ρ̂σ̂ελ̂ (−Z ′δ) (2.10)

where λ(·) = φ(·)
Φ(·) , the inverse of the Mill’s ratio (the nonselection hazard).

In the case presented here, I use the fraction of the entire population represented by

group g in state s as the exclusion restriction. This should have a direct effect on selection,

as population size influences the probability of selection, as noted above. However, there

is no apparent reason why the relative size of the group in state s should itself influence

oral cancer incidence. As such, this variable meets the qualifications required for it to act

as an appropriate exclusion restriction.

I estimate equation 2 using the Heckman Selection Two-Step method outlined above.

The estimated coefficients in Table 2.6 are similar to those in Tables 3 and 5. In the

final two specifications presented in Table 2.6, we see that the estimated coefficient on

Currently Smoke Cigarettes is larger than the coefficient on Currently Use Oral Tobacco.

The relatively large magnitude of this variable indicates that smoking appears to have a

strong causal role in oral cancer incidence while the role of oral tobacco use is less certain.

We also see that the STD variable is statistically significant at the 1 percent level. In

comparing the estimated coefficient on Currently Use Oral Tobacco by column, we see

that the variable continually decreases as more controls are added.

[Table 2.6]
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2.4.5 Falsification Test: Lung Cancer

As a placebo robustness check, I estimate the relationship between tobacco use and lung

cancer using the same methodology as described in Section 2.4.2.35 Cigarette smoking

is an established causal factor for lung cancer. Oral tobacco use and HPV infection are

associated with risky health behavior, but are not thought to directly influence lung

cancer incidence. Theoretically, the inclusion of the STD variable should produce little

effect when modeling lung cancer incidence. To examine the relationship between tobacco

use and lung cancer, I estimate the following equation using OLS:

LungCancerg,s = β0 + β1Xg,s + β2OralTobaccog,s + β3Smokeg,s+

β4Whiteg,s + β5Maleg,s + β6STDg,s + εg,s (2.11)

Where g refers to the race/gender group (white female, black female, white male, black

male) and s refers to state. X variables include: age, a quadratic in average weekly

earnings, years of schooling, a region indicator, and marital status. Weekly earnings are

presented in hundreds of dollars. Married specifies the percent of the population who

indicate that they are currently married. The tobacco use variables represent the per-

cent of the population within that race-gender-state cell that indicate current use. The

region variable is an indicator function that identifies the location of the observational

unit. White and Male are dummy variables that represent the race/gender identity of

the group. The STD variable accounts for the prevalence of risky sexual behavior.

Results presented in Table 2.7 indicate a clear association between cigarette smoking

and lung cancer incidence. Comparing the results in columns (2) and (3) of Table 2.7,

35Lung cancer incidence rates are also subject to suppression if they do not meet the criteria described
earlier. However, fewer than 7 percent of the lung cancer incidence rates are censored and in results not
presented here, selection does not appear to be an issue. Therefore, I estimate the equation using OLS.
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we see that including a measure of risky sexual activity does not result in a significant

change in the size of the estimated coefficient on Currently Smoke Cigarettes, nor is the

STD variable itself statistically significant. This provides strong support for the claim

that the significance of the measure of risky sexual behavior in the oral cancer model

is not spurious. Including additional controls in column (4) does decrease the estimated

coefficient on Currently Smoke Cigarettes, but it remains large and statistically signifi-

cant. Although risky health behavior may increase the probability of disease, cigarette

smoking appears to be the main determinant of lung cancer.

The results presented in Table 2.7 differ markedly from those estimating the link be-

tween oral tobacco use and oral cancer. As we see in Tables 3, 5, and 6, including controls

to account for risky health behavior (including risky sexual behavior) reduces the size of

the coefficient on oral tobacco use. This indicates that while risky health behavior is an

important confounding factor when estimating oral cancer incidence, it appears to play

a minor role when estimating lung cancer incidence.

[Table 2.7]

2.5 Conclusion

Tobacco harm reduction as a means to increase smoking cessation has been largely dis-

missed by respected health agencies due to concerns regarding the health risks of oral

tobacco use.36 The National Cancer Institute states “All tobacco products are harmful

and cause cancer, and the use of these products is strongly discouraged. There is no

safe level of tobacco use. People who use any type of tobacco product should be urged

36The CDC discourages the use of smokeless tobacco in a harm reduction ap-
proach and states that “smokeless tobacco is not a safe alternative to smoking
cigarettes.”http : //www.cdc.gov/tobacco/datastatistics/factsheets/smokeless/smokeless −
facts/index.htm(AccessedJuly23, 2012)
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to quit.” 37 The results presented here provide suggestive evidence that while smoking

clearly leads to adverse health, oral tobacco use may be significantly less harmful.

If individuals are unwilling or unable to give up smoking, advocating a less harmful

alternative may lead to a reduction of smoking prevalence. There is the potential for

massive savings in health care cost that would result from a decline in smoking. Lung

cancer is just one of the many diseases caused by smoking. The CDC estimates that

smoking is responsible for 90 percent of all lung cancer cases.38

In 2007, there were 153,017 hospital discharges for lung cancer treatment with a mean

charge per discharge of 45,473 dollars (Newton and Ewer, 2010). If all smokers switched

to oral tobacco (thus eliminating the smoking related lung cancer costs), this could rep-

resent potential cost saving in the excess of 6 billion dollars in one year alone. This back

of the envelope cost benefit analysis provides only a rough measure as it does not include

the loss of productivity or the pain and suffering inflected on the patient by the disease.

In addition, the substantial funding directed toward tobacco cessation could be used

to fund education, improvements in public infrastructure, or a host of other important

causes.39

In this paper, I explore the link between oral tobacco use and oral cancer. I first use

individual level data to estimate the relationship between oral tobacco use and mortal-

ity. My results fail to show a link between oral tobacco use and increased probability of

death. This may be due to the fact that oral cancer is treatable, so focusing on mortality

may not be appropriate. As such, I conduct a second analysis to test the relationship

37http : //www.cancer.gov/cancertopics/factsheet/Tobacco/cessation (Accessed July 23, 2012)
38http : //www.cdc.gov/cancer/lung/basicinfo/riskfactors.htm. (Accessed July 26, 2012)
39Rhoads (2012) notes that the CDC recommends an average funding level of $12.34 per capita annu-

ally for tobacco control. However, only one state, North Dakota, provides funding at the suggested level.
9 states fund at levels between 50 percent and 99 percent of the recommend amount while 31 states
and the District of Columbia fund at levels which equate to less than 25 percent of the recommended
amount.
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between the oral tobacco use and incidence of cancer by exploiting geographic variation

in the intensity of oral tobacco use and the incidence of oral cancer at the state level.

My findings show that controlling for differences in risky health behavior (including risky

sexual activity) reduces the estimated causal effect of oral tobacco use on oral cancer inci-

dence. Within this framework, both cigarette smoking and risky sexual behavior emerge

as important risk factors for oral cancer incidence while oral tobacco use does not.

Previous findings that link oral tobacco use to oral cancer did not control for differ-

ences in an individual’s risk behavior profile or account for oral HPV infection. Tobacco

users differ from nonusers in many ways, and these differences may influence individual

health. Tobacco users willingly engage in an activity they believe to be detrimental to

their health, so findings that tobacco users may suffer increased morbidity or mortality

should not be surprising. Failing to directly consider difference in an individual’s risk

behavior may have resulted in an over-weighting of the risk associated with oral tobacco

use. Oral HPV infection, one specific risk factor, is widespread and has been identified

as a causal factor for oral cancer. To my knowledge, no study that has found that oral

tobacco use leads to oral cancer has taken risky sexual behavior into account.

An accurate assessment of the health risks due to oral tobacco use is important as

oral tobacco may be used as a substitute for cigarettes. If consumers are provided with

accurate information about the harm associated with oral tobacco use, gains may be

possible. Smokers may elect to substitute oral tobacco for cigarettes, which would allow

them to continue consumption of tobacco but do so through a method that has a lower

cost in terms of health impact. The focus of current policy revolves around cessation

and leaves little room for alternative approaches. An alternative approach would center

on managing nicotine dependence. This can include optimal selection of products that
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present the lowest costs in terms of health.40

It should be noted that the work presented here has several limitations. The use of

chlamydia infection as a measure of risky sexual behavior was necessary as population

level estimates of HPV infection are not collected. As the reliability of the estimates de-

pends on the strength of the proxy, better data on HPV infection would allow for a more

robust analysis. In addition, analysis of the oral cancer incidence data is complicated by

the presence of suppressed counts that lead me to the use of imputation techniques. As

these methods are sensitive to the assumptions used, more robust treatment could be

performed with a complete dataset. Oral tobacco use and oral cancer are both relatively

rare events that could complicate identification. In addition, I do not address the concern

that oral tobacco use may lead to an increase in cigarette uptake or that dual use may

lead to long term, albeit reduced, cigarette consumption.

My results suggest the need for more extensive data and more research on the link

between oral tobacco use and oral cancer. The findings presented in this paper should

be cause for public health policy officials to increase efforts to collect data on population

level HPV infection. Oral HPV infection is a significant causal factor of oral cancer, but

quality data on population level infection rates do not exist. A better understanding of

the prevalence and trends over time may help in highlighting the importance and dual

benefit of the HPV vaccine as well as allow for further study of the relationship between

oral tobacco use, HPV, and oral cancer.

40Considering the substitution possibility is particularly relevant at this point in time as a new oral
tobacco product, snus, has been recently introduced in the US market. Snus is a form of oral tobacco
which does not require spitting. It is contained in a small, teabag-like satchel and due to the small size,
can be discretely used.
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Table 2.1: Marginal Effects from a Logit Regression of All Cause Mortality on Tobacco
Use

Means (1) (2) (3)
Currently Use Oral Tobacco 2.6% 0.046∗∗ 0.027∗ 0.013

(0.013) (0.013) (0.013)
Currently Smoke Cigarettes 25.4% 0.082∗∗ 0.079∗∗ 0.069∗∗

(0.005) (0.005) (0.005)
Age 46.2 0.010∗∗ 0.010∗∗ 0.009∗∗

(0.000) (0.000) (0.000)
White 81.2% −0.030∗∗ −0.012∗

(0.006) (0.006)
Male 42.1% 0.043∗∗ 0.055∗∗

(0.004) (0.004)
Income $20,000 - $40,000 7.2% −0.003

(0.013)
Income $40,000 plus 88.1% −0.039∗∗

(0.013)
Years of Schooling 13.7 −0.003∗∗

(0.001)
Reside in the South 31.7% 0.011+

(0.006)
Reside in the Northeast 20.9% −0.008

(0.006)
Reside in the Midwest 26.0% −0.004

(0.006)
Married 53.1% −0.037∗∗

(0.005)
Observations 19, 349 19, 349 19, 349 19, 349

Standard errors in parentheses
+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01
Notes: The sample is comprised of 19,349 individuals age 18 and up who were inter-
viewed for the 1994 National Health Interview Survey. Coefficients are presented as
average marginal effects where the dependent variable is Assumed Deceased, which
refers to individual all-cause mortality as of 2004. 16.4 percent of the sample were
assumed deceased at the date of the mortality follow up. All other variables are
as of the date of interview in 1994. Tobacco use refers to whether the individual
indicated he was a current user at the time of the interview. Age indicates the re-
spondent’s age in 1994, while schooling, income categories, married, race-gender,
and region variables are dummy variables representing the individual’s economic
and demographic information. Logistic regression was used to estimate the proba-
bility of death. The omitted categories are: Black, Female, Income less than $20,000,
and Reside in the West.
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Table 2.2: Aggregate State Level Data Sample Means

Full Sample White Males White Females Black Males Black Females
Currently Use Oral Tobacco 1.60% 4.75% 0.13% 1.00% 0.33%
Currently Smoke Cigarettes 17.54% 19.19% 15.92% 19.99% 14.88%
Age 44.05 45.43 46.92 41.12 42.39
Average Weekly Earnings 710.05 930.68 647.99 688.21 553.63
Years of Schooling 12.86 13.12 13.22 12.54 12.51
Reside in the South 34.36% 33.33% 33.33% 33.33% 37.78
Married 47.37% 58.99% 55.19% 40.71% 32.44
Chlamydia Infection 853.98 78.52 236.94 1195.41 2067.95
(Cases per 100,000)
Oral Cancer Incidence 15.46 23.65 9.75 18.43 7.04
(Rate per 100,000)
Lung Cancer Incidence 98.02 121.32 93.45 104.47 67.69
(Rate per 100,000)
Observations 195 51 51 48 45

Notes: The table represents the state level means for each race-gender group. The tobacco use variables indicate the
percent of current users within the race-gender-state cell. Married indicates the percent married, while age, earnings, and
schooling are the average values for the race-gender-state cell as reported on of the date of the survey. The race-gender
and region variables are indicator functions that identify the race, gender, and location of the observational unit. These
demographic, economic, and tobacco use variables were recorded for those individuals age 18 and up at the time of the
interview. Chlamydia infection, the STD variable, is the average number of cases per 100,000 for the race-gender-state
cell for individuals age 15 and up. Cancer incidence is the average rate per 100,000 for each group of individuals age 15
and up. Oral and lung cancer incidence rates are limited to those race-gender-state cell’s with non-missing data (N=164
and N=183, respectively).
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Table 2.3: OLS Regression of Oral Cancer Incidence, Sample Limited to Those Obser-
vations with Non-Missing Data

(1) (2) (3) (4)
Currently Use Oral Tobacco 142.179∗∗ 19.995+ 9.053 −1.825

(17.917) (11.221) (11.293) (11.413)
Currently Smoke Cigarettes 44.110∗∗ 19.480∗∗ 14.551∗ 12.761∗

(10.698) (5.685) (5.675) (6.116)
Age 0.005 0.994∗∗ 1.222∗∗ 1.073∗∗

(0.171) (0.160) (0.168) (0.169)
White −0.480 1.623 4.878∗∗

(0.826) (1.001) (1.685)
Male 13.219∗∗ 15.088∗∗ 15.550∗∗

(0.643) (0.822) (1.043)
STD 0.002∗∗ 0.002∗∗

(0.001) (0.001)
Average Weekly Earnings (in Hundreds) 1.856∗

(0.820)
Average Weekly Earnings Sq −0.106∗

(0.053)
Years of Schooling −0.216

(0.716)
Reside in the South 1.896∗∗

(0.511)
Married −9.856+

(5.862)
Observations 164 164 164 164
Adjusted r2 0.450 0.853 0.864 0.880

Standard errors in parentheses
+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01
Notes: See Table 2 for a description of the sample. The tobacco use variables indicate
the percent of current users within the race-gender-state cell. Married indicates the
percent married, while age, earnings, and schooling are the average values for the
race-gender-state cell as reported on of the date of the survey. The race-gender and
region variables are indicator functions that identify the race, gender, and location
of the observational unit. Chlamydia infection, the STD variable, is the average
number of cases per 100,000 for the race-gender-state cell. The dependent variable
is Oral Cancer Incidence. The mean incidence rate is 15.46 cases per 100,000. OLS
regression was used to estimate the coefficients. The omitted categories are: Black,
Female, Reside outside the South, and Not Married.
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Table 2.4: Aggregate Level Means by Censoring Status

Censored Non-Censored Difference
Currently Use Oral Tobacco 0.49% 1.81% −1.32∗∗

Currently Smoke Cigarettes 16.84% 17.67% −0.83
Age 41.18 44.60 −3.42∗∗

Average Weekly Earnings 651.29 721.16 −69.87
Years of Schooling 12.72 12.89 −0.17
Reside in the South 9.68% 39.02% −29.34∗∗

Reside in the Northeast 22.58% 17.07% 5.51
Reside in the Midwest 22.58% 24.39% −1.81
White 3.23% 61.59% −58.36∗∗

Male 41.94% 52.44% −10.50
Married 37.85% 49.17% −11.32∗∗

Chlamydia Infection 1754.73 683.71 1071.02∗∗

(Cases per 100,000)
Lung Cancer Incidence 67.32 101.39 −34.07∗∗

(Rate per 100,000)
Observations 32 164
+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

Notes: See Table 2 for a description of the sample. The tobacco use variables indicate the
percent of current users within the race-gender-state cell. Married indicates the percent mar-
ried, while age, earnings, and schooling are the average values for the race-gender-state cell
as reported on of the date of the survey. The race-gender and region variables are indicator
functions that identify the race, gender, and location of the observational unit. Lung cancer
incidence rates are subject to suppression if there are fewer than 16 cases for each race-gender-
state cell. As lung cancer is more common and less likely to be subject to the censoring criteria,
means for those non-censored cells (N=182) are presented above. The chlamydia infection and
the lung cancer incidence variables present the average number of cases per 100,000 for the
race-gender-state cell.
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Table 2.5: Multiple Imputation Regression of Oral Cancer Incidence

(1) (2) (3) (4)
Currently Use Oral Tobacco 153.304∗∗ 22.255+ 13.850 5.577

(17.763) (11.514) (11.662) (11.744)
Currently Smoke Cigarettes 35.452∗∗ 13.094∗ 9.195∗ 7.430

(8.795) (5.397) (5.652) (5.801)
Age 0.215 0.768∗∗ 0.884∗∗ 0.799∗∗

(0.146) (0.141) (0.147) (0.157)
White 0.688 2.601∗ 5.303∗∗

(0.855) (1.107) (1.671)
Male 12.872∗∗ 14.193∗∗ 14.966∗∗

(0.621) (0.815) (1.045)
STD 0.002∗ 0.002∗∗

(0.001) (0.001)
Average Weekly Earnings (in Hundreds) 0.836

(0.562)
Average Weekly Earnings Sq −0.055

(0.038)
Years of Schooling −0.549

(0.593)
Reside in the South 1.726∗∗

(0.483)
Married −8.189+

(4.633)
Observations 195 195 195 195

Standard errors in parentheses
+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

Notes: See Table 2 for a description of the sample. The tobacco use variables indicate the percent of
current users within the race-gender-state cell. Married indicates the percent married, while age, earnings,
and schooling are the average values for the race-gender-state cell as reported on of the date of the survey.
The race-gender and region variables are indicator functions that identify the race, gender, and location
of the observational unit. Chlamydia infection, the STD variable, is the average number of cases per
100,000 for the race-gender-state cell. The dependent variable is Oral Cancer Incidence, presented as
the rate per 100,000. The mean incidence rate is 15.46 cases per 100,000. Multiple Imputation was used
to predict missing values and OLS regression was used to estimate the coefficients. The standard error
of these estimates contains two components: within imputation variance (the average of the standard
error squared across imputations) and the between imputation variance (the variance of the parameter
estimates across imputations). Incorporating the additional variance when using imputed values properly
accounts for the uncertainty introduced by imputation. The omitted categories are: Black, Female, Reside
outside the South, and Not Married.
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Table 2.6: Heckman Two-Step Regression of Oral Cancer Incidence

(1) (2) (3) (4)
Currently Use Oral Tobacco 134.710∗∗ 19.699+ 6.814 −1.884

(18.595) (11.038) (11.200) (11.003)
Currently Smoke Cigarettes 42.582∗∗ 19.442∗∗ 13.810∗ 12.902∗

(10.534) (5.568) (5.543) (5.886)
Age −0.277 0.947∗∗ 1.152∗∗ 1.050∗∗

(0.234) (0.166) (0.166) (0.166)
White −0.521 1.852+ 4.707∗∗

(0.811) (0.978) (1.641)
Male 13.133∗∗ 15.166∗∗ 15.491∗∗

(0.639) (0.803) (1.007)
STD 0.002∗∗ 0.002∗∗

(0.001) (0.001)
Average Weekly Earnings (in Hundreds) 1.794∗

(0.794)
Average Weekly Earnings Sq −0.102∗

(0.051)
Years of Schooling −0.122

(0.704)
Reside in the South 1.842∗∗

(0.499)
Married −9.135

(5.740)

λ −4.223+ −0.938 −2.044∗ −0.750
(2.310) (1.109) (1.036) (1.141)

Observations 195 195 195 195

Standard errors in parentheses
+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

Notes: See Table 2 for a description of the sample. The tobacco use variables indicate the percent of
current users within the race-gender-state cell. Married indicates the percent married, while age, earnings,
and schooling are the average values for the race-gender-state cell as reported on of the date of the survey.
The race-gender and region variables are indicator functions that identify the race, gender, and location
of the observational unit. Chlamydia infection, the STD variable, is the average number of cases per
100,000 for the race-gender-state cell. The dependent variable is Oral Cancer Incidence, presented as the
rate per 100,000. The mean incidence rate is 15.46 cases per 100,000. The Heckman Selection Two-Step
method was used to estimate the coefficients. I use the fraction of the entire population represented by
group g in state s as the exclusion restriction. The omitted categories are: Black, Female, Reside outside
the South, and Not Married.
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Table 2.7: OLS Regression of Lung Cancer Incidence

(1) (2) (3) (4)
Currently Use Oral Tobacco 336.323∗∗ 55.332 67.817 −95.173

(67.617) (73.156) (75.590) (68.417)
Currently Smoke Cigarettes 292.082∗∗ 249.089∗∗ 255.639∗∗ 214.565∗∗

(34.418) (31.055) (32.596) (30.598)
Age 2.987∗∗ 4.344∗∗ 4.125∗∗ 3.687∗∗

(0.584) (0.826) (0.889) (0.784)
White 1.686 −0.920 24.902∗∗

(4.674) (6.080) (8.059)
Male 27.166∗∗ 25.042∗∗ 32.376∗∗

(3.836) (4.976) (4.853)
STD −0.002 0.002

(0.003) (0.003)
Average Weekly Earnings (in Hundreds) 10.617∗∗

(3.377)
Average Weekly Earnings Sq −0.634∗∗

(0.192)
Years of Schooling −14.073∗∗

(3.576)
Reside in the South 13.044∗∗

(2.759)
Married −35.686

(25.872)
Observations 182 182 182 182
Adjusted r2 0.496 0.611 0.612 0.722

Standard errors in parentheses
+ p < 0.10, ∗ p < 0.05, ∗∗ p < 0.01

Notes: See Table 2 for a description of the sample. The tobacco use variables indicate the percent
of current users within the race-gender-state cell. Married indicates the percent married, while age,
earnings, and schooling are the average values for the race-gender-state cell as reported on of the date of
the survey. The race-gender and region variables are indicator functions that identify the race, gender,
and location of the observational unit. Chlamydia infection, the STD variable, is the average number of
cases per 100,000 for the race-gender-state cell. The dependent variable is Lung Cancer Incidence. The
mean incidence rate is 98.41 cases per 100,000. OLS regression was used to estimate the coefficients. The
omitted categories are: Black, Female, Reside outside the South, and Not Married.
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Figure 2.1: Geographic Variation in Oral Tobacco Use by Race and Gender
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Figure 2.2: Geographic Variation in Chlamydia Infection by Race and Gender
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Figure 2.3: Geographic Variation in Oral Cancer Incidence by Race and Gender
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Chapter 3

Smoking Rates and the Availability
of Tobacco Products.

3.1 Introduction

Tobacco use is linked to adverse health effects and is cited as the leading cause of pre-

ventable mortality in the United States (Iwasaki et al., 2006). Cigarette smoking has been

studied by many researchers because it is both hazardous to one’s health and because

there are significant costs to society, both in terms of medical expenses and loss of pro-

ductivity due to smoking related illness (Kan, 2007). Although complete abstinence may

be preferable, it is not always achievable. Harm reduction, a term used by those in the

public health community, involves advocating the use of a less harmful alternative in lieu

of complete abstinence for those smokers who are unwilling or unable to quit. Much of the

recent discussion regarding harm reduction as it pertains to tobacco has been focused on

a product commonly used in Scandinavia, snus. Snus is a form of oral tobacco which has

nicotine content similar to that of cigarettes (Roth et al., 2005), but is significantly less

harmful than cigarette smoking (Royal College of Physicians, Tobacco Advisory Group,

2007). It poses fewer externalities to non-users as there is no secondhand smoke, and

unlike traditional American oral tobacco products, it is spit-free. For these reasons, it
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has attracted the attention of those in the public health community.

Despite the fact that snus is less harmful than cigarette smoking, many remain skep-

tical of a harm reduction approach to smoking cessation (see Savage, 2007) as such an

approach may create incentives which are undesirable. Critics believe the availability of

a less harmful alternative to smoking will act as an incentive to increase use and will

attract those that had previously abstained. It may increase the number of nicotine ad-

dicted consumers and act as a stepping stone to smoking, thereby increasing the smoking

rate (see Melikian and Hoffmann, 2009). It may also reduce the effectiveness of policies

aimed at decreasing smoking. A product that allows cigarette users to continue nicotine

intake in areas which smoking is prohibited moderates the incentive to quit tobacco use

altogether and may undermine public health efforts. In addition, as Savitz et al. (2006)

notes, there is concern that there may be widespread misunderstanding resulting from

a harm reduction strategy whereby the public may mistake “safer” for “safe.” However,

advocates of tobacco harm reduction believe that the availability of a less harmful alter-

native, such as snus, provides an incentive for current smokers to substitute away from

cigarettes and toward the less harmful good. This would lead to a decrease in the num-

ber of smokers, and ultimately, a reduction in negative health effects due to tobacco use

(Rodu and Godshall, 2006).

To explore the incentives created by a harm reduction approach to smoking cessation,

I utilize two different methodologies. The first approach is a differencing analysis. As data

on introducing snus to a market is not available, I undertake an alternative approach.

I exploit a quasi-natural experiment to determine the effect of removing snus from a

market, in effect limiting the availability of this less harmful alternative, and explore

the subsequent change in the smoking rate. The European Union (EU) implemented a

ban on oral tobacco products in 1992 and Finland was forced to ban the sale of snus
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when it joined the European Union in 1995. Sweden, which neighbors Finland to the

west, joined at the same date but did not implement a ban on snus, which allows it to

serve as a control. Joining the EU and the resulting policy change in Finland provides a

means to evaluate the effect on the smoking rate due to limiting access to a less harmful

alternative.

Within this framework, Finland can be considered the treatment group, while Swe-

den acts as the control. Exploring the relative change in the smoking rate during the

post-ban period provides information regarding the countering incentives created by a

harm reduction approach to smoking cessation. My results suggest that the smoking rate

in Finland increased, relative to the control, in the post ban period.

For the second approach, I restrict my analysis to the smoking rate in Finland and

test for a structural break in trend corresponding to the date of the ban. My results

confirm the findings from the differencing analysis and suggest that the adoption of the

ban reduced the previously observed decline in the smoking rate.

3.2 Background

To properly understand the role of harm reduction within this framework, it is important

to address both the benefits and risks of nicotine use. Nicotine can act as a stimulant and

studies show that it has been found to increase concentration and memory (Sherwood,

1993). Nicotine has been studied as a potential treatment for those with Alzheimer’s,

Parkinson’s, and ADHD (Sacco et al., 2004). However, nicotine is addictive and although

it is not carcinogenic, it may slow the body’s ability to destroy unwanted cells. Use

increases heart rate, blood pressure, respiration, and blood glucose levels (Marieb and
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Hoehn, 2007). Presumably, consumers derive utility from nicotine and disutility primarily

due to the harmful side effects of the nicotine delivery system employed.

Snus is a form of ground tobacco used orally and due to its placement in the upper

lip (a region of the mouth with few salivary glands), does not require spitting as do the

common forms of North American oral tobacco. The production process for snus is dif-

ferent than that for North American snuff or chewing tobacco. Chewing tobacco is made

from fire cured tobacco and is fermented during the production process. The fermentation

allows for the development of tobacco-specific nitrosamines, which are carcinogenic. The

level of nitrosamines in this type of product is comparable to that found in cigarettes.

Swedish snus, however, is processed by a steam treatment (similar to pasteurization)

and this heat treatment prevents fermentation and, as a result, retards the formation of

nitrosamines(Stepanov et al., 2006).

Recent studies show no increased incidence in cardiovascular disease or cancer, includ-

ing cancers of the mouth correlated with snus use (Royal College of Physicians, Tobacco

Advisory Group, 2007). However, a study by Lou et al. (2007) in which he tracked a co-

hort of Swedish construction workers over time, found a small correlation between snus

use and pancreatic cancer.1 Those affected used snus prior to the 1980’s when the pro-

duction method for snus was altered to create a less harmful product.

Snus is considered by many to be a safer alternative to smoking. Lee and Hamling

(2009) conducted a review of studies exploring the link between smokeless tobacco use

and cancer in North America and snus use and cancer in Europe. They find that smoking

related deaths would be substantially decreased if smokers used snus instead of cigarettes.

However, assessing the health risks associated with oral tobacco use may be difficult to

1This study was reviewed as part of a meta-analysis conducted by Lee and Hamling (2009) in which
they note that they were unable to confirm the findings reported by Lou et al. (2007).
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quantify if tobacco users are also more likely to engage in risky behavior that negatively

impacts health. Maki (2013b) finds that accounting for risky health behavior has a ma-

terial impact of the estimated causal effect of oral tobacco use on oral cancer incidence.

Snus use is prevalent only within Scandinavia, and is particularly widespread in Swe-

den. It is the most common type of tobacco used among Swedish males–nineteen percent

use snus, while seventeen percent smoke. Historically, use of snus among females in Swe-

den is uncommon, with only an estimated one percent of adult Swedish women reporting

snus use in 1999(Fagerstrm and Schildt, 2003). Due to the relatively high prevalence of

snus consumption in Sweden, studies exploring the health effects due to use have focused

on health outcomes among males within this country. The pattern of tobacco use and

tobacco related mortality in Sweden has attracted much attention.2 Swedish men con-

sume tobacco at levels similar to males in other European Union countries, but they

experience significantly less tobacco related mortality. This is commonly referred to as

“The Swedish Experience” and is often attributed to the widespread use of snus in that

country (see Fagerstrm and Schildt, 2003).

Figures 1 and 2 present the 2007 mortality rate for cancers of the Trachea, Bronchus,

and Lungs for Sweden and a collection of other European Union countries.3 Figure 3.1

presents incidence statistics for males and shows that Swedish males experience relatively

low levels of mortality resulting from these cancers. Figure 3.2 presents the same infor-

mation for females; however, no similar pattern emerges. These disease specific mortality

rates among Swedish women are roughly similar to those of women in the other countries.

260 Minutes aired a segment on this topic entitled “Going Smokeless” in the Spring of 201060 Minutes
(2011).

3Data is from the World Health Organization, European Health for All database. The available
parameters for cancer statistics grouped trachea, bronchus, and lungs together. Lung cancer was not
reported separately, but it is far more common than cancer of the trachea or bronchus. It is reasonable
to assume that the rates are being driven by lung cancer statistics. Smoking is a major risk factor for
all three types of cancers.
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[Figure 3.1]

[Figure 3.2]

The reduced morbidity is not due to a lower overall level of tobacco consumption. Fig-

ure 3.3 depicts per capita tobacco consumption (both men and women) as of 2004/2005.4

Sweden’s per capita consumption exceeds both that of Finland, France, and the United

Kingdom. However, tobacco consumption in Sweden is comprised of both snus and

cigarettes while tobacco consumption statistics for other countries outside of Scandi-

navia do not include snus and are primarily due to cigarettes.

[Figure 3.3]

3.3 Empirical Methods

3.3.1 Data

Data on smoking prevalence and tobacco related mortality was obtained from the World

Health Organization (WHO) “European Health for All” database. This database con-

tains an array of core health statistics including demographics, health determinants, risk

factors, and health care resources and expenditures for 53 member states. Data on smok-

ing prevalence by age group for Finnish males and total snus consumption (estimated

through retail sales tax) was obtained from a statistical report which was compiled by

The European Smokeless Tobacco Council in Brussels from data collected by Finland’s

National Public Health Institute (NPHI). The NPHI collects this data through a yearly

survey that gathers information on the health status and health behavior of the Finnish

population. Information on tobacco consumption was obtained from the International

Mortality and Smoking Statistics (IMASS) database which is supported financially by

4Data on tobacco consumption in Norway are as of 1995. More recent data was not available.
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the tobacco industry, but has the stated objective of providing a convenient tool for re-

search purposes.5 This database includes sales data (in tons) and consumption (grams

per adult per day) for all tobacco products, from 1920 to 2010. However, data availability

varies by country. Consumption data was available for many European Union countries

through 2000, but more recent data was available for only a select few.

3.3.2 Differencing Analysis

In 1992, the European Union implemented a mandatory ban on all oral tobacco products,

except those intended to be smoked or chewed (i.e., cigarettes and whole leaf tobacco).

This ban prohibited the sale and advertising of moist snuff and snus.6 The rationale for

the ban was to protect public health by limiting uptake of a potentially harmful product.7

When Sweden and Finland joined the EU in 1995, both countries were subject to this

ban. Sweden applied for and received an exemption, and remains the only country in the

EU where the sale of snus is legal. Finland did not apply for an exemption and upon

joining the EU was required to implement a ban on the sale of snus.

That Sweden applied for an exemption while Finland did suggests that snus was

relatively more popular in Sweden than in Finland and may reflect differing corporate

responses to the proposed ban. Swedish Match, Sweden’s largest tobacco manufacturer,

produces snus and does not manufacture or sell cigarettes. However, it should not be

interpreted as an indication that snus was not used in Finland during this time. The

5The data is maintained by PN Lee Statistics and Computing Ltd. and is available to the public by
request.

6Council of the European Communities, amending directive number 89/622/EEC regarding tobacco
products. http : //eur − lex.europa.eu/LexUriServ/LexUriServ.do?uri = CELEX : 31992L0041 :
EN : HTML (Accessed April 16, 2012)

7European Union Scientific Committee memorandum. http : //ec.europa.eu/health/ph −
risk/committees/04− scenihr/docs/scenihr − q − 004.pdf (Accessed April 17, 2012)
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ban of snus in Finland has been met with considerable reluctance. For example, Aland,

a semi-autonomous island of Finland, agreed to join the EU, but refused to stop selling

snus which has resulted in the assessment of fines and culminated with the island threat-

ening succession from the EU if forced to ban snus (Ben-Aaron, 2008).

Figure 3.4 presents snus consumption (in tons) during 1977-1994 in Finland, approx-

imated through tax receipts.8 Although consumption was relatively stable in the late

1970’s and early 1980’s, snus use in Finland increased rapidly in the ten year period

leading up the ban. Between 1980 and 1989, snus consumption doubled in Finland. By

1994, it increased another 30 percent.

[Figure 3.4]

Detailed statistics on adult snus consumption in Finland prior to the ban are not

available as they were not collected. However, retail tax receipt data, available from

1977-1994, can proxy for overall country level consumption. Finland first began asking

about snus use in their annual health survey in 2000. However, data collected in youth to-

bacco surveys can be used to compare the prevalence among Swedish and Finnish youths

in the period prior to the ban. Data from youth tobacco use surveys in Finland find that

in 1994, roughly 30 percent of 16 year old males reported that they had tried snus and 6

percent indicated that they were occasional/daily users (Huhtala et al., 2006). Reported

use during the same period in Sweden is similar; 34 percent of 17 year old males9 reported

that they had tried snus and 12 percent indicated that they were occasional/daily users

(Nilsson et al., 2009). Although snus use among Swedish adolescents is higher, the data

indicate that snus was widely available and utilized in Finland prior to the ban.

8Data obtained from the ESTOC, Nordic Tobacco Statistics 1970-2004.
9Data on adolescent tobacco use was obtained from two different sources. Although it was presented

for the same time period, the age groups did not overlap perfectly. Finnish statistics were reported for
14, 16, and 18 year-olds while Swedish statistics were reported for 13, 15, and 17 year-olds.
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Although Sweden and Finland differed in response to the proposed ban, they share

many similarities which make Sweden a reasonable control for Finland. Finland and Swe-

den are both northern welfare states and share many health and societal policies. Both

Finnish and Swedish are the national languages of Finland. Both countries joined the

EU at the same point in time and would have experienced similar political, social, and

price effects as a result of the change. With the exception of the snus ban, public policy

regarding tobacco is very similar between these two countries (Patja et al., 2009). In

the period leading up to the ban, Sweden had a lower overall level of smoking than does

Finland, but both were trending down at a similar rate. This overall trend in the smoking

rate highlights the need to include a control that can account for a decline in the smoking

rate over time.

Because snus use is uncommon outside of Scandinavia, the analysis presented here

focuses only on Sweden, Finland, and Norway. To explore the effect of limiting access to

the less harmful alternative, I restrict my attention to males as snus use among females

is far less common. As such, female smoking status is not expected to be impacted by

the ban on snus. They would neither have been induced to smoke via access to this less

harmful alternative, nor would they have used it as a means to quit smoking. As depicted

in Figure 3.5 which compares the male and female smoking rate in Finland during this

period, the female smoking rate remained relatively stable during 1988-2004.

[Figure 3.5]

A second reason women are not included in the main analysis is that while there was

no significant change in the smoking rate among females in either Finland or Norway,

the smoking rate among Swedish females declined during the period. There are several

possible explanations. Sweden has been more successful in targeting anti-smoking media

campaigns toward gender specific groups (Patja et al., 2009), so although unlikely to
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account for the large difference in the rate of change among female smokers in these two

countries, it could be a contributing factor. Another possibility is that the low preva-

lence of smoking among men in Sweden created a positive externality which affected the

smoking behavior of women. In a society where fewer than 20 percent of men smoke, less

overall exposure may have a direct effect on uptake. Finland, on the other hand, never

reached these low levels of cigarette use.

To investigate the effect of removing snus from the Finnish market, I compare the

change in the smoking rate between Finland and Sweden. Within this context, Sweden

is the control and Finland is the treatment group. The intervention is joining the EU in

1995. Successful implementation of this type of analysis requires that in the absence of

the intervention, the smoking rate in Finland would have looked like that in Sweden. As

noted above, both countries are substantially similar which allows Sweden to act as a

reasonable control.

Figure 3.6 presents the male smoking rate in Finland and Sweden during the period

1988-2004. Prior to the ban, Sweden has a lower level of smoking than does Finland, but

both are trending down at a similar rate. Subsequent to the ban on snus in Finland, the

rates diverge. The break corresponds to the date of the intervention, 1995.

[Figure 3.6]

Norway borders Sweden to the west and has not joined the European Union. Snus is

popular in this country, and as in Sweden, is sold legally. Norway does not experience

an intervention (as does Finland), and can be used as an alternative, although inferior,

control. We see in Figure 3.7 that the smoking rate in Norway is similar to that in Finland

prior to 1995, after which point the rates converge. Using Norway in place of Sweden as

a control produces a result similar to, but not as drastic as, that depicted in Figure 3.6.

[Figure 3.7]
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Other countries within the European Union were not included in this analysis as it

would not be appropriate to do so within this framework. Tobacco control policies and

tobacco use vary widely among other countries in the region. An appropriate control

should be so similar to the treatment group that the researcher can believe that, in the

absence of the intervention, the treatment group would have behaved like the control.

As other countries outside Scandinavia differ in many ways, including the use of snus,

tobacco control policies, European Union member status, and trends in the smoking rate

both in the period before and after 1995, there is no basis to include them as additional

control groups.

Much of the discussion presented has been provided to convince the reader that Swe-

den is an appropriate control for Finland and that no better control exists. The rate of

change analysis using males in Sweden and Finland is presented in row (1) of Table 3.1.

It shows that in the post-ban period, smoking increased in Finland by 3.47 percentage

points relative to Sweden. If Sweden is an appropriate control, then this estimate can be

interpreted as an increase in the smoking rate, relative to what it would have been, in the

absence of the ban. The difference in means is statistically significant at the 5 percent

level and can be interpreted as suggestive evidence of a true change due to the treatment.

[Table 3.1]

In comparing the change in the smoking rate between males and females in Finland,

we see in Table 3.1, row (2) that the rate of change differs significantly by gender. In

particular, there was virtually no change in the smoking rate among females during this

period. As noted earlier, snus use during this time period was uncommon among females

and they would not have utilized snus as a means to quit smoking. We would expect this

group to be wholly unaffected in the change of the policy to ban snus. Females, however,

would serve as a useful barometer regarding change in tobacco control policies during
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this time which would have influenced the smoking rate among males. The results lend

credence to the hypothesis that the change in the males smoking rate was due to the

change in the policy regarding snus.

3.3.3 Trend Analysis

Although there are many factors which influence smoking prevalence (advertising, smok-

ing cessation campaigns, etc.), I undertake a simple analysis to test for a break in trend in

the smoking rate in Finland. Using pooled cross sectional data which present the smok-

ing rate by age group in Finland, I test to see whether there was a structural change in

the smoking rate corresponding to implementation of the ban on snus. As snus use was

growing rapidly in the pre-1995 period, I focus on only those years immediately preceding

the implementation of the ban. During this time, there was a significant reduction in the

smoking rate for nearly all age groups as depicted in Figure 3.8.

[Figure 3.8]

Data on the smoking rate for males is available by age group (age 15-24, 25-34, 35-44,

45-54, and 55-64), which results in a sample size of 85 observations. Disaggregating the

rate by age group reveals differences in the change in the smoking rate by age. Figure 3.8

illustrates the yearly smoking rate by age group over this period. Although the smoking

rate declines among all age groups in the pre-ban period, the rate of change exhibited

among males age 45-54 is slight. Post-ban, the rate of decline slows, and for males at

both ends of the age spectrum, it levels out.

In order to test whether the rate of change differs between the pre and post-ban
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periods, I estimate the following equation:

SmokingRate = β0 + β1Y ear + β2Post+ β3Y ear ∗ Post+ β4X + εg,s (3.1)

Where Smoking Rate is the annual smoking rate and Year indicates the time period cor-

responding to that particular rate, with the year normalized so that -1 =1993, 0=1994,

+1=1995, etc. Post is a binary variable, 1 is the period is after the change (1995-2004),

0 if not. Year*Post is the interaction term. X is a vector of dummy variables indicating

the age-group for which the smoking rate applies.

Including the interaction term in the above equation allows both the intercept and

slope to change between the two periods. In essence, this is akin to computing a Chow

Test, where the significance of the coefficient on the interaction term, β3, can be used to

test for a structural change across time. If there were no change across time, the variable

is expected to be zero and insignificant.

[Table 3.2]

Regression results presented in Table 3.2 indicate there was a shift in the rate across

time, with the coefficient positive and statistically significant at the 5 percent level. Note

that this analysis implicitly assumes that there has been no other confounding factor

that has influenced the rate. My findings suggest that the adoption of the ban on snus

in Finland had a material effect on the smoking rate.
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3.4 Conclusion

The analysis presented here provides some support for the theory of harm reduction.

These results suggest that limiting the availability of snus, a less harmful alternative to

cigarettes, resulted in a reduction in the decline of smoking. I conduct an analysis using

aggregate level data on the smoking rate for Scandinavian countries. In comparing the

change in the smoking rate between Sweden and Finland, the two countries which joined

the EU in 1995, we see that the smoking rate in Finland increased relative to Sweden.

We can interpret this to suggest that the smoking rate in Finland is higher than what

it would have been in the absence of the ban. To ensure that the change in the smoking

rate among males in Finland was not due to a change in tobacco control activities carried

out in that country during this time frame, I compare the change in the smoking rate

between males and females. The results indicate little change in the smoking rate among

females in Finland which provides some evidence that males were not exposed to a policy

change which might overshadow the effects resulting from the ban on snus.

It is possible that the increase in the smoking rate in Finland, relative to Sweden,

is due to snus users switching from snus to cigarettes once snus becomes unavailable. If

this were the case, it would represent a one-time shock to the smoking rate. However, the

data do not support this argument. In the post intervention time period, Finland never

again experiences a decline in their smoking rate similar to that experienced pre-ban.

The results do not provide any information regarding uptake. There may be uptake

of snus among users that might have abstained from nicotine otherwise, but, economic

theory suggests that individuals make choices that maximize individual utility. Although

addictive, nicotine provides the user with some positive or desirable effects. As the deliv-

ery method provided by snus use is relatively safe, the net impact on individual well-being

68



cannot be determined.
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Table 3.1: Change in Current Smokers (as a percent of the population), Finland, Sweden,
and Norway: 1988-2004

Change in the Percent of Population Smoking, age 15+

Difference
1988-1994 1995-2004 Between Periods

Finland - Males 31.57% 27.93% -3.64
Sweden - Males 24.97% 17.86% -7.11
(1) Difference Between Finland and Sweden 6.60 10.07 +3.47(1.39)∗

Finland - Females 19.85% 19.67% -0.18
Finland - Males 31.57% 27.93% -3.64
(2) Difference Between Males and Females -11.72 -8.26 +3.46(1.00)∗∗

Finland - Males 31.57% 27.93% -3.64
Norway - Males 36.84% 31.11% -5.73
(3) Difference Between Norway and Finland -5.27 -3.18 +2.09(1.44)

Notes: Standard errors are in parentheses. ∗ p < 0.05, ∗∗ p < 0.01
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Table 3.2: Regression Estimate, Test for Structural Break in Trend

(1)

Year −0.829∗∗

(0.241)
Post-1994 0.328

(1.232)
Post-1994*Year 0.586∗

(0.279)
Age 25-34 7.765∗∗

(0.979)
Age 35-44 8.176∗∗

(0.979)
Age 45-54 4.706∗∗

(0.979)
Age 55-64 −1.412

(0.979)
Constant 25.039

(1.068)∗∗

Observations 85
r2 0.729

Standard errors in parentheses
∗ p < 0.05, ∗∗ p < 0.01

Notes: OLS regression, with the percent of the population
that smokes in a given year as the dependent variable. Age
variables are indicator functions and are used to indicate
smoking rate by age group. The sample is limited to the
period 1988-2004 and includes males only. The omitted age
group is males age 15-24.
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Figure 3.1: Trachea, Bronchus, and Lung Cancer Mortality in 2007 Males

Figure 3.2: Trachea, Bronchus, and Lung Cancer Mortality in 2007 Females
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Figure 3.3: Per Capita Tobacco Consumption

Figure 3.4: Snus Sales in Finland (Males and Females), 1977-1994
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Figure 3.5: Male and Female Smokers (as a percent of the population) in Finland, pre
and post Intervention: 1988-2004
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Figure 3.6: Male Smokers (as a percent of the population) in Sweden and Finland, pre
and post Intervention: 1988-2004

74



25
30

35
40

P
er

ce
nt

 o
f t

he
 P

op
ul

ai
to

n

1988 1990 1992 1994 1996 1998 2000 2002 2004
Year

Norway Finland

Source: Author’s Calculations

Curent Smokers (as a percent of the population)

Figure 3.7: Male Smokers (as a percent of the population) in Finland and Norway:
1988-2004
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Chapter 4

Can Simple Informational Nudges

Increase Employee Participation in a

401(k) Plan?§

4.1 Introduction

The importance of saving for retirement is widely acknowledged, yet employers often

find workers fail to enroll in the optional retirement saving plans they offer. If employees

choose not to participate in their employer’s 401(k) plan because they have other financial

priorities or for other reasons perceive that greater retirement saving is not in their own

best interest at the present time, it may be difficult to increase participation and increas-

ing retirement saving might actually lower lifetime utility for some employees. However,

if the relatively low rate of participation for employees is attributable to inertia or lack

0§ This is joint work with Robert Clark and Melinda Morrill, forthcoming publication (Clark et al.,
2013)
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of knowledge, a low cost intervention may be an effective tool to increase participation

and improve employee wellbeing. To explore these issues empirically, we partnered with

a large financial institution, hereafter referred to as LFI.

Our discussion begins with background information on employer-provided retirement

savings plans and employees’ choice of whether to participate. We then describe LFI,

its retirement benefits, and the characteristics of its employees. Using detailed admin-

istrative data, we describe the patterns of participation in the company’s 401(k) plan.

To understand better the choices that workers are making, we investigate reasons for

non-participation through a unique survey of all newly hired workers at LFI over a six

month period. Respondents report a variety of reasons for non- and limited participation

in the 401(k) plan, including paying off credit card debt and not having enough room in

one’s budget to save money for retirement. Using a set of financial knowledge questions,

we find many survey respondents that are not currently participating in the 401(k) plan

are unaware of the full range of benefits associated with saving through a tax qualified

retirement saving plan. The survey indicates an important role for financial literacy and

knowledge regarding retirement savings in the decision to contribute to such plans.

For our main analysis, we report results from a field experiment. We designed a low-

cost intervention whereby LFI distributed a flyer to a randomly selected subset of 401(k)

plan non-participants who were hired in 2008 through 2010. The flyers contained a mes-

sage encouraging employees to take advantage of the employer match using the common

catchphrase, “Don’t Leave Money on the Table.” In addition, the flyers highlighted the

long term value of small but continuous contributions to the savings plan that were

matched by the employer. We find young employees who received the nudge had a statis-

tically significantly larger increase in participation rates compared to workers of a similar

age that did not receive the flyer. However, for workers over age 45, the percent initiating
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participation among the treatment group was statistically significantly lower than the

control. These findings highlight the potential effectiveness of informational “nudges”

for non-participants. They also suggest that the materials employers distribute to newly

hired workers should be tailored to the particular needs and concerns of specific groups.

4.2 Background

Although many large corporations still provide their employees with defined benefit pen-

sion plans, these types of plans are becoming less common as firms move towards vol-

untary defined contribution plans. As of 2007, 63 percent of all workers had a defined

contribution 401(k) plan as their only form of employer sponsored retirement savings

(Munnell, Kopcke, Golub-Sass, and Muldoon, 2009). The benefits of participation in an

employer sponsored 401(k) plan include the employer match, investment growth, and

the tax advantages of retirement saving. Despite the advantages of contributing to the

supplemental retirement saving plan, many newly hired workers decline to participate in

company-provided 401(k) plans. Lack of participation may stem from inadequate infor-

mation about the characteristics of the plan or inadequate financial literacy to understand

the value of the plan. On the other hand, employees might have other financial consider-

ations that lead them not to participate, such as the need to pay off other debts or saving

for other priorities such as a house or their children’s education. In addition, an employee

might decline to participate because they perceive that they are already accumulating

sufficient assets for retirement through prior employment, their company’s defined bene-

fit plan, a spouse’s employer-sponsored retirement savings plan, and/or expected Social

Security benefits.
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4.2.1 Factors Affecting the Choice to Participate in a 401(k)

Plan

There are several factors that might influence a worker’s decision to participate in an

employer-sponsored 401(k) plan. First, workers need to know and understand both the

tax advantage of contributing to a 401(k) and the size of any employer match in order to

correctly assess the tradeoff of lower consumption today in return for higher consumption

in retirement. If the employee does not fully appreciate these benefits, then he or she may

place less value on contributions to the 401(k) plan simply because his or her calculation

of the future return to these contributions is too low. In this case, providing informa-

tion about the benefit of retirement savings might lead to higher participation rates.

On the other hand, if an individual is saving according to a “rule of thumb” strategy

that overvalues retirement savings, then providing additional information may cause the

individual to revise downward the value of saving.1 Of course, beyond participation, one

must also consider the intensive margin of the level of savings.2 While financial literacy

plays a strong role in retirement saving, the levels of financial literacy in the population

vary across demographic groups.3

1Benartzi and Thaler (2007) discuss the rule of thumb savings heuristics often used by individuals to
determine savings behavior.

2To determine the optimal level of saving, Scholz, Seshardi, and Khitatrakun (2006) present a life
cycle model for households to determine the optimal level of wealth accumulation. They account for
uncertainties in longevity, earnings, medical expenses, as well as taxation and government transfers. They
then compare the calculated optimal targets with actual wealth accumulation and find, surprisingly, that
over 80 percent of households in their sample have accumulated sufficient wealth to reach their optimal
level of saving. However, their primary data was collected during 1992-1993, a period of strong stock
market performance which can affect wealth accumulation.

3Gale, Harris, and Levine (2012) note that a large proportion of American adults with lower income,
low levels of education, and on either end of the age spectrum (the very young and the very old) lack
a basic understanding of financial concepts. Using the Planning and Financial Literacy Module of the
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Besides knowledge and understanding of the benefits of participating in a 401(k) plan,

financially literate individuals might be more likely to make the effort to enroll in a plan.

Signing up for a 401(k) plan is costly in the sense that it requires the individual to allocate

sufficient time to decide on a retirement plan, complete the appropriate allocation forms,

and work with the company HR office and the plan provider. Workers may suffer from

inertia and choose not to actively enroll in the plan simply to avoid the cognitive burden

of figuring out how to enroll or calculating the benefits. In addition, the sheer volume of

information employees receive during orientation may lead to information overload which

can prevent individuals from taking positive actions necessary to enroll in retirement sav-

ing plans.

Hanoch et al. (2011) and Schram and Sonnemans (2011) find in an experimental

setting that although having more options increases the probability that a good match

exists, increasing the number of options available in general often results in individuals

making suboptimal choices. Similarly, Besede et al. (2012a, 2012b) find that increasing

the number of options available leads to greater reliance on heuristics among participants

in an experiment. Sethi-Iyengar, Huberman, and Jiang (2004) find that employers with

fewer plan options, and hence a simplified investment choice, saw higher 401(k) partici-

pation rates. Even though employees receive information about their 401(k) plan during

orientation, there may be some benefit from resending that same information several

months later when the worker may have more time to process and act on it. If inertia

and information overload are inhibiting employee participation, then sending a simple

flyer several months after orientation might both provide information and a “nudge” to

encourage the employee to undergo the initiation process.

2004 wave of the Health and Retirement Survey, Lusardi and Mitchell (2011) find that financial literacy
varies by race and gender.
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A second factor that determines the relative value of saving for retirement is em-

ployer matching contributions. Most prior research finds that workers are sensitive to

match rates and higher employer matching contributions are associated with higher par-

ticipation rates among employees (Papke, 1995; Papke and Poterba, 1995). In contrast,

Mitchell, Utkus, and Yang (2007) compare benefits across firms and find that the exis-

tence of a match provides only a small incentive to participate. However, it may be that

workers in firms that offer a match but also have a tenure requirement to be eligible for

the match delay participation to coincide with when they become eligible for the em-

ployer match. Such a finding would imply that workers would have contributed to the

plan sooner if the match was effective at the time of hire.

Of course, many other factors outside of an employer’s control contribute to an indi-

vidual’s decision to participate in a 401(k) plan. Previous literature modeling the choice

to participate in a defined contribution plan has found that participation rates are greater

among higher earners, older workers, workers with longer tenures, workers with higher

levels of education, men, and white (when compared to black and Hispanic) workers

(see, e.g., Bassett, Fleming, and Rodriguez, 1998; Munnell, Sunden, and Taylor, 2002;

Madrian and Shea, 2001). The level of participation also varies depending on employee

and company characteristics. Many of the factors that influence participation are also

correlated with higher contribution amounts (Holden and VanDerhei, 2001).

While it is difficult to isolate a the direct causal links, several factors that affect the

relative weighting of current consumption to the future value of a benefit in retirement

are associated with these demographic characteristics. First, the magnitude of the tax

advantage is dependent on the worker’s annual salary. Thus, we may see those with higher

salaries contributing at higher levels both because they have more disposable income and

because they see a higher benefit to savings through tax advantaged retirement savings
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plans. Similarly, an individual has a personal discount rate which is used to value future

consumption relative to today’s consumption. Personal discount rates may also affect

investments that individuals make in human capital and may change as individuals get

closer in age to retirement. The market returns to savings will also determine the value

of contributing to a plan.

It is common in this literature to find lower participation rates for women (see, e.g.,

Carroll, Choi, Laibson, Madrian, and Metrick, 2009). It might be that women earn less,

so see less benefit from participating. It might also be that women are less informed

about the benefits. If the latter is true, then we would expect women to initiate partici-

pation at higher rates if more information is provided. However, if women are less likely

to incorporate new information into their evaluation of the benefit of participating, then

an intervention might be less effective for women than men.

There are several reasons why we might expect participation rates to vary by age.

Employees have other opportunities to save that will compete for any dollars that the

worker might consider saving. These opportunities include saving for other factors be-

sides retirement (home, car, etc) and also debt reduction through paying down credit

card debt and paying off student loans. Thus, the existence of these debts would be ex-

pected to lower the probability of newly hired workers enrolling in the 401(k) plan. These

factors are likely to be correlated with age and salary. Further, the age of the individual

is an indicator of how far away retirement is for the worker. Older workers might have a

clearer picture of the future or more recognition of the current lack of sufficient resources

to fund an adequate retirement. If younger workers are less informed because retirement

is a far-off and abstract concern, then these individuals will not participate at higher

levels even though their actual benefit might be larger due to compounding and tax ad-

vantages. Providing information to younger workers might produce a larger change in

82



the probability of participating relative to older workers, if younger workers are indeed

less informed about the benefits of participating and the power of having many years of

compounding returns.

Recent research suggests that the behavior of peers might also influence an individ-

ual’s choice to participate in a company 401(k) plan. Duflo and Saez (2002) find that

the choice to enroll in an employer sponsored retirement savings account is affected by

the enrollment status of other employees within the same department. Beshears, Choi,

Laibson, Madrian, and Milkman (2011) evaluate the effect of social norms marketing

(providing information about peer behavior) on retirement plan enrollment. The inter-

vention in their study is designed to facilitate employee action by allowing the employee

to either sign up or increase their contribution rate to the amount required to receive

the full employer match by checking a box and returning it by a specified date. A subset

of the sample received a version of the flyer which included a statement regarding peer

saving rates. They find that for unionized employees, the likelihood of enrollment was

negatively correlated with the participation rate (as indicated on the flyer) of their peers.

Peer participation was provided by age range, and some age ranges had higher levels of

plan participation than others. Among those individuals who received the intervention,

those in subgroups with higher peer participation rates were less likely to initiate par-

ticipate relative to those in subgroups with lower peer participation rates. Although our

study also explores peer effects and how they relate to plan participation, we focus on

the effect of an informational intervention which highlights the importance of saving over

time and the value of the employer match.
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4.2.2 Plan Design versus Employer-Provided Financial Educa-

tion

Choi, Laibson, and Madrian (2004) describe several features of plan designs that encour-

age participation including employer match rates, the menu of funds, options for taking

loans from the plan, the presence of a defined benefit plan, and automatic enrollment.

Several studies of individual employers have found automatic enrollment to be successful

at increasing participation rates in 401(k) plans (e.g., Madrian and Shea, 2001; Munnell,

et al., 2009; Choi et al. 2004). As discussed in O’Neill (2007), although these types of

plans are effective in increasing participation, they are costly for employers and may lead

to individuals being defaulted into plans that are not optimal for their personal circum-

stances (see also Brown, Farrell, and Weisbenner, 2011). Carroll et al. (2009) describe

how “active decisions” can be an appealing alternative to defaults if the population of

employees is sufficiently financially literate.

Employers interested in increasing participation in a 401(k) plan might consider pro-

viding an informational nudge to their employees to address concerns of lack of knowledge

and inertia. Employers that do not want to implement an automatic enrollment policy,

but do want to encourage higher participation rates, might find that providing targeted

and timely information to workers is an effective alternative. Low cost informational in-

terventions have been found to be successful in other contexts. For example, Liebman

and Luttmer (2011) conducted a field experiment that provided information about Social

Security provisions and found significant effects on female labor force participation. In

a randomized experiment conducted at a large university, Duflo and Saez (2003) found

people who were exposed to employees that received more information about their 401(k)

plan were more likely to participate.
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Choi, Haisley, Kurkoski, and Massey (2012) explore the effect of anchoring, goal set-

ting, and savings-threshold salience on the savings behavior. Using a field experiment,

the authors found that recipients did respond to cues in email messages on the value of

401(k) plan participation and higher contribution rates. Their study differs from ours in

that they focus on increasing contribution rates among participating employees (the em-

ployer implemented an automatic enrollment policy in 2007), while our primary focus is

on increasing plan participation by sending an informational nudge. Karlan, McConnell,

Mullainathan, and Zinman (2010) provide theoretical support for the effectiveness of re-

minders and demonstrate in a series of field experiments that savings in consumer bank

accounts can be increased through timely reminders. Goda, Manchester, and Sojourner

(2012) perform a large scale field experiment to test for bias in the way individuals think

about compounding. Using a low cost intervention, they inform recipients about how

current saving translates into future retirement income using a variety of different frame-

works. They find that the information was effective in increasing contribution levels.

Their results highlight the effects of behavioral influences in the decision making process.

4.3 The Large Financial Institution Descriptive

Statistics

The large financial institution (LFI) with whom we partnered is a publically traded

banking, insurance, and investments company and is among the top ten largest financial

service corporations in the United States. LFI has over 30,000 active workers located

in 13 states. At LFI, all newly hired employees participate in a company orientation
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program. The orientation occurs during the first two weeks of employment and includes

discussion of the defined benefit and 401(k) plans. LFI provides employees with access

to Pro Nvest, a company that has partnered with LFI to provide retirement planning

services and education. The 401(k) participant guide, discussed during the orientation,

provides the employee with information about investing. The guide includes formulas for

calculating how much is needed for retirement, explanations of the importance of con-

sidering inflation when planning for retirement, and illustrations of compounding power.

There is an extensive discussion of the tax advantages of the company sponsored re-

tirement plan and examples demonstrating the advantage of pre-tax retirement savings.

The information distributed in our “nudge” is adapted from these materials, so should

be familiar to all employees. Employees are also encouraged to participate in the 401(k)

plans during annual reviews.4

LFI offers a traditional final average pay defined benefit plan to its full-time employ-

ees. In addition, employees are offered the option of participating in the company’s 401(k)

plan. Employees can make contributions to the plan starting the first day of the calendar

month following employment. To be eligible for the matching contributions, the employee

must be at least 21 years of age and must complete 1,000 hours of service within the 12

months following his or her hire date.5 LFI offers a 100 percent match on the first 6

percent of compensation contributed to the plan.6 LFI allows employees to contribute to

up to 50 percent of their pay to the plan. Employees may enroll in the plan by using LFI’s

4Annual reviews for officers occur in February; for non-officers all reviews occur at the employee’s
one year anniversary.

599.5 percent of workers hired in 2008 and 98.2 percent of workers hired in 2009 were match-eligible
as of February 2011.

6The match on the first 4 percent is referred to as the basic match contribution while the remaining
2 percent is called the supplemental match. The supplemental match is subject to vesting requirements
which state that it may be forfeited if the employee engages in misconduct including embezzlement,
theft, or larceny or engages in direct competition with the firm, unless the employee has three years of
continuous employment with the firm or has reached age 65.
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PlanTrac website or may enroll over the phone. Changes can be made on a daily basis

and contribution rates can be changed at any time. Participants may invest in the plan’s

core funds or in a self-directed brokerage account (available through TD Ameritrade).

The plan allows for both loans and hardship withdraws.

LFI provided us with detailed, de-identified administrative data on all employees

hired between January 1, 2008 and December 31, 2010. For this analysis, we restrict our

attention to those who were still actively employed on June 20, 2011. The data include

annual compensation, gender, date of birth, date of hire, match eligibility status, date of

first contribution to the 401(k) plan, and contribution amount (as a percent of salary).7

Table 4.1 provides summary statistics of the 7,218 employees hired by LFI between 2008

and 2010. The table reports the proportion of employees participating in the plan as of

February 28, 2011, the average contribution rate among participants, and the proportion

of participants contributing at least 6 percent of salary (i.e., enough to receive the full

employer match if eligible).8 The first row of Table 4.1 reports that 49 percent of all

workers hired between 2008 and 2010 were participating in the 401(k) plan as of Febru-

ary 2011. The average contribution rate among participants was 6.6 percent of annual

salary, while 68.2 percent of participants were contributing at least 6 percent of annual

salary.

[Table 4.1]

7Because signing and year-end bonuses make measuring the annual compensation for recent hires
somewhat complicated, we make adjustments to the annual compensation reported in the data. We
define salary as the total 2010 compensation reported in February of 2011 for those hired in 2008 and
2009. For those hired in 2010, we adjust the year-to-date compensation reported in June 2011 to be an
annual salary.

8Note that we have 144 observations with a valid date of first contribution but a missing value for
the percent contributing. It is likely that these workers began participating but either suspended their
contributions or took a loan from their account. For the purposes of our analysis, we have chosen to
define “participating” as those that have ever contributed to the plan since these individuals have an
account and an account balance. Although these workers are classified as participating, they are excluded
from calculations using contribution rates.
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Next, we consider how participation differs by match eligibility status.9 We see that

workers that are eligible for the matching contributions are 25.4 percentage points more

likely to be participating than their match-ineligible peers (59.6 percent versus 34.2 per-

cent). Interestingly, among participants, those that are eligible for the match have similar

average contribution rates to those that are not yet match eligible. As expected, average

participation rates are higher among men, older workers, and those earning the highest

salaries. Note that the majority of low salary workers are part-time employees (such as

bank tellers), but are still eligible to participate in the 401(k) plan. Overall, we observe

that plan participation and average contribution rates move in the same direction; those

groups with higher participation rates also have higher average contributions conditional

on participating. This indicates that not only are men, older workers, and higher earning

workers participating more, but they are also saving a higher fraction of their salaries.

Figure 1 illustrates the distribution of contribution rates for 49 percent of new hires

enrolled in the 401(k) plan as of February 28, 2011. Among these workers, 45.2 percent

were contributing exactly 6 percent of their annual salary (i.e., the minimum amount

needed to receive the full employer match). We also observe that over 23 percent of those

enrolled in the 401(k) plan were contributing amounts above the 6 percent level.

[Figure 1]

Next, we estimate a multivariate regression of the choice to participate in the 401(k)

plan for the 7,218 workers hired between 2008 and 2010. The estimated average marginal

effects from a logit model are presented in Column 1 of Table 4.2. Since all of the in-

dividuals in our study are employed by LFI, they all face the same plan characteristics

and the terms of the employer match do not vary across workers. However, time since

9Additionally, because participation in the 401(k) plan is supposed to be discussed by managers
during annual reviews, the group that is match eligible may also have a higher participation rate due to
this reminder from their managers.
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being hired should influence the decision to enroll for three reasons. First, as the employer

match goes from 0 to 100 percent at the moment the tenure requirement is fulfilled we

expect to see a rise in participation at that time. Second, we expect that longer tenures

are associated with higher participation rates because workers have the opportunity to

sign-up at any time. Finally, workers with longer tenures have demonstrated that they

have a higher match quality with the firm.

[Table 4.2]

In Table 4.2, we find that, controlling for match eligibility and basic demographic

characteristics, workers with longer tenures are more likely to participate. In addition,

match eligibility is associated with a significantly higher participation rate. The average

marginal effect presented in Table 4.2 indicates that individuals who are eligible for the

match are 12.2 percentage points more likely to participate relative to those that are

not yet match eligible, controlling for tenure. This is consistent with the raw differences

presented in Table 4.1. Female employees of LFI are significantly less likely to be par-

ticipating in the 401(k) plan, but the difference is small in magnitude. Higher salary is

associated with an increase in the participation rate. Finally, we observe that individuals

aged 18-24 and 35-44 have statistically significantly lower participation rates than those

ages 25-34.

Column 2, Table 4.2 presents estimates from an OLS regression on the percent of

salary contributed by employees hired between 2008 and 2010, limited to plan partic-

ipants only. Here we see no statistically significant difference in the contribution rate

conditional on participation by tenure or match eligibility. Among participants, women

contribute significantly less to the saving plan than men, while workers age 45 and above

contribute approximately 2 percent more of salary relative to workers age 25 to 34. And,

finally, employees with greater annual incomes contribute a larger percentage of their
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salary to the 401(k) plan.10

In the final column of Table 4.2, we consider a binary indicator for whether the in-

dividual is contributing 6 percent or more of salary (i.e., taking full advantage of the

employer matching contributions, if eligible). Estimated average marginal effects from a

logit model are reported. In general the patterns are very similar to those found looking

at contribution rates. One notable exception is that match eligibility is associated with

a statistically significant 6.3 percentage point higher probability of contributing at least

6 percent of salary, which is consistent with predictions.

4.4 Attitudes and Knowledge of Newly Hired Work-

ers

In order to better understand why workers are making key retirement saving choices, we

developed a short survey. LFI distributed the surveys between March 2011 and August

2011 to all employees hired between December 2010 and May 2011 approximately 60 to

90 days after hire. This lag was chosen to ensure that all survey recipients would have had

sufficient time to enroll in the 401(k) plan prior to responding. We focus on newly hired

workers so that we can observe the employee’s evaluation of the information received

during orientation without introducing recall bias among workers with longer tenures.

The surveys were available online to employees at the first of every month, and the

10Here we find that income and contribution percentage are positively correlated. Holden and Van-
Derhei (2001) find in their analysis of the 1999 contribution behavior of 1.7 million 401(k) participants
that salary and deferral percentage are positively correlated up to an annual earning amount of $80,000
after which point the correlation become negative. They note that many of the plans included in their
analysis allow for a maximum contribution of $10,000, which may be driving this result. LFI, on the
other hand, allows employees to contribute up to 50 percent of salary so we do not expect to see a similar
trend here.
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link to the survey remained open for the duration of that month. New links were sent

each month, for a total of six months. Surveys were sent to 1,947 new hires, and 356

individuals completed and returned the surveys for a response rate of 18.3 percent. Note

that the surveys cover workers hired between December 2010 and May 2011. We do not

have administrative data on workers hired in 2011, and we are not able to link surveys to

the administrative records for the December 2010 new hires. Appendix A discusses how

representative the survey respondents are compared to the administrative data from the

2008-2010 new hires. Survey respondents are much more likely to be participating in the

401(k) plan, are slightly older, earn more, and are more likely to be male relative to the

full group of 2008-2010 new hires.

The first objective of the survey was to learn more about employee attitudes regard-

ing the information they were provided concerning the 401(k) plan. We present responses

disaggregated both by age group and by participation status in the 401(k) plan. Note

that all of the survey respondents were eligible to participate in the plan, but none had

earned sufficient tenure to qualify for employer matching contributions as of the survey

date. Table 4.3 presents responses to select questions regarding the employee’s percep-

tion of the value of information he or she received and on the sources of information

the employee relied upon when making his or her participation decision. Although the

most common rating of the information LFI provided was that it was “very comprehen-

sive,” participants gave higher ratings than non-participants. Approximately one-third

of younger workers who were already participating in the plan reported that they would

have benefitted from more information. Interestingly, the older workers were over twice

as likely relative to younger workers to not have read the information that their em-

ployer provided about the 401(k) plan. Further, in response to a question about how the

information influenced their participation decision, we find that over half of all workers
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said the information did not influence their participation decision. Nearly 80 percent of

older workers not yet participating in the plan stated that the information they received

did not influence their participation decision, compared to about 60 percent of younger

non-participating workers.

[Table 4.3]

The bottom row of Table 4.3 shows large differences by age group in the sources of

information that respondents report as influencing their decision to participate. Younger

workers are far more reliant on family, relatives, colleagues, friends, and the internet than

are older workers. The employer resources, including the plan website and benefit office,

were reported to be useful sources of information by both age groups and both partici-

pants and non-participants. The reliance on employer resources highlights the potential

impact of the human resource/benefits department on employee retirement saving behav-

ior and decision making. Interestingly, participants reported being influenced by a finan-

cial advisor, newspapers, books, and magazines more frequently than non-participants.

Taken together, the responses reported in Table 4.3 indicate that younger workers may

be more responsive than older workers to receiving additional information from their

employer. We find younger workers are more likely to seek out information from their

employer and that that information influences their participation decision.

The second goal of the survey was to learn more about the financial constraints that

affected the participation and contribution rates of new hires. If new hires are not partic-

ipating because they have other financial obligations, such as paying down high interest

loans, then an employer intervention aimed at increasing participation may not be ef-

fective. To understand the reasons for limited or non-participation, we included parallel

questions for participants and non-participants. For those that were currently participat-

ing in the 401(k) plan, the question asked what factors limit the amount the respondent
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is currently contributing. For non-participants, the question asks what factors are in-

hibiting the choice to contribute. Both questions listed a series of possible reasons where

the respondent could select all that applied. Responses to these questions are reported

in Table 4.4, listed separately for the two age groups.

[Table 4.4]

The employer match emerges as a key factor in the decision to participate in 401(k)

plan and the level of contributions among participants. Recall that none of the survey

participants were currently eligible for the matching contributions, which begin after 12

months of employment. Among those who were not yet contributing to the 401(k) plan,

over 50 percent indicate that they plan to start contributing when they met the eligibility

conditions for the employer match. The second most common response is that “my salary

covers my monthly living expenses with no extra room for retirement savings.” This rea-

son is more common for the younger workers than older workers. Also more common for

younger workers is the need to pay off debt including credit card debt, student loans,

mortgages, or other debts. Furthermore, younger workers are also significantly more likely

to be saving for a large purchase such as a car or home. Older workers participating in the

plan are significantly more likely than younger workers to report that taking into account

Social Security, pensions, and spouse’s retirement, “I expect that I will have sufficient

retirement income with the amount I am currently contributing.”

The responses reported in Table 4.4 suggest that not all employees would benefit

from being automatically enrolled in a 401(k) plan. Rather, for some employees their

non-participation results from an evaluation of their own financial portfolio. However,

one should be cautious in drawing too broad a conclusion from these results since the

survey response rate was less than 20 percent and the sample of respondents is not nec-

essarily representative of the full population of newly hired workers.
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Next, we explore how important financial literacy is to the choice to participate in the

plan. The survey included five questions designed to measure the basic financial literacy

of the newly hired employees. The questions, shown in Appendix B, focus on the indi-

vidual’s knowledge concerning the importance of compounding interest rates, the effect

of inflation on real income, the importance of investment diversification, tax advantages

associated with investing in the 401(k) plan, and the value of the employer match. The

instructions state that if the respondent does not know the correct answer, he or she

should provide his or her best guess. We limit the sample to those that left no more than

two questions blank. If the respondent left the question blank or selected “don’t know”

it is recorded as an incorrect response. Table 4.5 shows the proportion of new hires by

enrollment status who answered these questions correctly.

[Table 4.5]

First, in aggregate, the knowledge score is highest for participants relative to non-

participants and for older relative to younger workers. The largest differences between

participants and non-participants are in knowledge of inflation, investment diversifica-

tion, and the 401(k) tax advantage. The inflation and investment questions are measuring

general financial literacy, while the 401(k) tax advantage question specifically addresses

the value of participating in the plan. In general, the tax advantages of 401(k) plan par-

ticipation are not well understood by any group, with fewer than half of all respondents

able to correctly identify the net effect of a 401(k) contribution on after-tax take home

pay (see Appendix B, Question 4). Because participants have higher financial literacy

than non-participants, efforts to improve financial knowledge could lead to an increase

in 401(k) plan participation for both older and younger workers.

The results of our survey indicate that an employer intervention aimed at both ed-

ucating and encouraging employee participation in the 401(k) plan could be effective.
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Workers, particularly those under age 45, report looking to their employer for informa-

tion about saving for retirement. Although many workers report having too little extra

money to save for retirement after paying down debts and saving for a large purchase,

many also do not exhibit a full appreciation for the tax advantage of contributing to

a 401(k) plan. These results indicate that providing information could increase worker

well-being if the employee does not fully recognize the long-term benefits of participating

in the 401(k) plan. However, if workers are fully informed and financially literate, then

providing additional information could still affect participation through “nudging” them

to sign up.

4.5 Nudging Non-participants: A Randomized, Con-

trolled Experiment

We designed a field experiment to test whether additional employer-provided financial

education could be effective in increasing 401(k) plan participation. All employees hired

during 2008 through 2010 who were not participating in the plan as of February 28,

2011 were randomly assigned to treatment and control groups. Appendix C describes

the randomization and presents means verifying the success of the randomization.11The

11The treatment group was broken into two sub-groups. The first was given a version of the flyer
had an additional statement on the savings behavior of all employees in the company to test for peer
effects. Ultimately, no difference was found between the two treatment groups. It is possible that there
was a second type of “peer effect” where recipients of the flyers shared information with peers in the
control group. Because of the study design and institutional context, it is unlikely that this was a major
confounding factor. New hires are mixed with longer tenured workers, those not participating in the
401(k) plan are mixed with those who were contributing, and the workers are spread across many cities.
Still, if there was sharing of information between the treatment and control groups this would simply
cause our treatment group to look more like the control and bias our estimates of the effect of the flyer
towards zero. Full results broken down by treatment group status are included in Appendix D.
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treatment group received a flyer that included a brief example of investment growth over

time and instructions on how to sign up for the company’s 401(k) retirement savings

plan. The control group did not receive any additional information, but both groups still

received packets at orientation and follow-up encouragements during annual reviews. A

copy of the flyer is included in Appendix E. The information contained in the flyer is

adapted from information that was already presented to all workers in their benefits

package. The intervention highlights the benefits of saving, and, in particular, the value

of compounding and potential for investment growth over time. The flyer was not altered

for any specific group and illustrated the wealth accumulation that would occur with 40

years of savings.12 The flyer itself was adapted from material that LFI already provides

to newly hired workers during orientation, with some small modifications including the

addition of an emphasis on employer matching contributions.13 The orientation materials

are not targeted to certain age groups or planning horizons and also include a 40 year

investment horizon.

The intervention was designed to isolate the effect of information on retirement saving

behavior as measured by the proportion of workers who are active participants in the

401(k) plan. Nearly 4,000 workers participated in the experiment, allowing for the explo-

ration of heterogeneity in responses by demographic characteristics. The recipients were

unaware that their behavior was being observed, and because the researchers observe the

outcome of interest in administrative data, there is no reporting bias. Therefore, any dif-

ference in the rate of initiating participation in the 401(k) plan that is observed between

12Although tax advantages are also important, they were not addressed in the intervention in the
interest of simplicity.

13The examples showing the savings from reduced consumption on certain items and the impact of
investing these funds in the 401(k) plan were taken from the retirement plan’s handbook. For consistency,
the flyer made the same assumptions concerning the investment period and rate of return as used by
the plan provider in the information given to newly hired employees.

96



the treatment and control group can be attributed to the receipt of the low-cost flyer.14

The flyers were distributed to employees at LFI in mid-April 2011. Most of the flyers

were distributed by email, but employees that did not have regular access to a com-

puter at work were sent a black and white print-out of the flyer through interoffice mail.

Appendix Table C.1 illustrates that the delivery method was not randomized, although

in Appendix Table D.1 we see that the impacts were similar. We measure participation

initiation as of June 20, 2011, which allowed employees approximately two months to re-

spond to the information they received. Employees who terminated employment during

the study period were excluded from the analysis.15

Table 4.6 presents statistics on the percent participating as of June 20, 2011. Because

the sample includes only those that were not participating as of February 28, 2011, the

percent participating in June is an indication of the percent of workers that initiated par-

ticipation during our study period. Although the average participation rate of employees

in the treatment group is 1.0 percentage points (17 percent) higher than the control

group, the difference is not statistically significant. However, when the sample is disag-

gregated by demographic characteristics, we see that the intervention did significantly

affect the retirement saving behavior of some groups of employees. First we consider

whether, on average, the intervention was more effective for those that were eligible for

the match prior to the start of the study in February 2011 (eligible before), those that

became eligible for the match between February and June 2011 (newly eligible), and

those that were not yet eligible as of June 2011 (not yet eligible). There is no statistically

significant effect, on average, when the sample is divided by match eligibility status or

14We chose to focus only on the choice to participate and not on the level of contribution. In results
available upon request, the intervention had no effect on the level of contribution among those that
initiated participation.

15472 employees were terminated during the study period. Termination was not correlated with receipt
of intervention material, results available upon request.
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gender. When we disaggregate the sample by salary, we find that the intervention was

associated with a large and statistically significant increase in the percent signing up for

the plan for those earning between $30,000 and $59,999. However, this effect is being

driven by differences in age that are correlated with salary levels.16

[Table 4.6]

The largest effect of the intervention can be seen when comparing employees in differ-

ent age groups. Results indicate that younger employees, those 18 24 years old, were 4.5

percentage points more likely to join the 401(k) plan if receiving an intervention relative

to the control. For this group, those receiving the intervention were over twice as likely

to initiate participation in the plan relative to the control group. A similarly large and

statistically significant difference was observed for workers ages 35-44. On the other hand,

for the age group 45 years and older, those receiving the intervention were a statistically

significant 4.4 percentage points less likely to initiate participation relative to the control

group. As the intervention highlighted the importance of saving early by demonstrating

investment growth over time, it is possible that this older group of workers were actually

discouraged from participating in their employer 401(k) plan.

Table 4.7 presents the estimated average marginal effects from a logit regression on the

individuals’ choice to initiate participation over the study period. Each column includes

regression estimates on the age group as indicated in the column heading. The regressions

include controls for tenure, match eligibility, gender, salary, and age categories (in the full

sample). Here we see again that the intervention significantly increased participation for

workers ages 18-44, while it significantly decreased the likelihood to initiate participation

16In results not shown, when we control for age in a regression framework we find this difference is
due to age rather than income-level.
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among those workers ages 45 and older17.

[Table 4.7]

In Table 4.7, the regression specification includes controls for those that were match-

eligible before the study period and those that became match-eligible between February

and June 2011 (the omitted group is not yet eligible for the match in June 2011). The

estimates indicate that becoming match eligible increases the probability of initiating

participation over the study period by approximately 9 percentage points. This is a

large effect (representing almost a 150 percent increase over the mean on average) and

is similar across the age groups, although it is largest in both magnitude and percent

for the youngest workers. However, in contrast to the results present in Table 4.2, we

find no difference in the probability of initiating participation for those that were already

match-eligible before the study period and no difference by tenure. Similarly, we find no

statistically significant differences in the probability to initiate participation by salary or

gender.

Next, in Table 4.8 we explore heterogeneity in the effect of the intervention by match

eligibility, gender, and salary. Here we report estimates from separate regressions on sub-

sets of the population. If there are particular groups that are more responsive to the

intervention, then those may be targeted in the future to increase participation rates.

Because the effects of the intervention are so different between the older and younger age

groups, we present all analysis for the two groups separately. The first row of Table 4.8

repeats the estimates presented in column (5) of Table 4.7 for reference. When disaggre-

17We hypothesize that the unexpected effect among older workers is an inadvertent result of the way
the information was framed. The design of the flyer highlighted the benefit of participation as being
achieved over a long period of time. While emphasizing the value of saving over an extended period of
time may have enticed younger employees to participate in their company’s 401(k) plan, older employees
may see little value if their saving horizon is 5 or 10 years which is significantly less than the 40 years
required to reach the investment growth depicted in the flyer.
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gating by match eligibility status among the younger workers, we see the only group with

a statistically significant effect of the intervention is those not yet match eligible. How-

ever, the estimate is nearly identical for the group that became match-eligible over the

sample period. This finding indicates that those that are most recently hired are likely to

be responsive to an intervention. When disaggregate by gender, the positive effect of the

intervention for younger workers is concentrated among men, whose participation rate

was increased by 4.2 percentage points over the control group. Among younger worker,

the intervention was more effective in increasing participation for those that were earning

less than $60,000 annually relative to those earning more.

[Table 4.8]

The bottom half of Table 4.8 indicates that for those ages 45 and above, the negative

effect on participation due to intervention is stronger for higher salaried workers, males,

and those not yet match-eligible. Similar to the findings for younger workers, those that

are newly match eligible or not yet match eligible were most influenced by the receipt of

the flyer, although for older workers it was discouragement rather than encouragement.

When consider the interaction of salary and age, we observe that among employees aged

18-44, 8.3 percent earn $60,000 or more per year compared to 21.1 percent of those 45 and

older. Among the subset of older workers, the average marginal effect of the treatment

is statistically significant only for the higher earning group. And, conversely, among the

younger group, there is a positive effect only for the lower earners. The implications of

the results presented in Tables 7 and 8 are discussed in Section VI.
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4.6 Discussion and Conclusions

Although these results do show that a low cost intervention can be effective in increasing

401(k) participation among some groups, the effectiveness of the informational nudge

varied by employee characteristics. Women were far less responsive to the intervention

than men, and only the most recently hired workers behaved significantly differently

than the control group. We find that among workers ages 18-44 that were initially not

participating in the 401(k) plan, those that were sent a flyer were 2.5 percentage points

(roughly 40 percent of the mean of 6.6 percent) more likely to initiate participation in

the 401(k) plan relative to the control group. However for the workers ages 45 and older,

receiving the intervention actually led to a lower initiation rate.

Our intervention was designed based on materials already distributed to workers at

orientation. The flyer emphasized the value of compounding using a standard 40 year

time horizon. Older workers in our sample may have been put off by the framing of this

information, an unintended consequence of the design of our flyer. Older workers in the

control group had a sign-up rate that was over twice as large as younger workers in the

control group, suggesting that older workers already had an appreciation of the value of

participating and that the framing of the flyer may have been discouraging to those in

the treatment group. Prior literature has highlighted an important role for anchoring and

framing in retirement savings (e.g., Choi, et al., 2012). Future work should further ex-

plore whether materials currently distributed to employees could be improved by better

highlighting the benefits to the particular demographic group of interest. At a minimum,

our results suggest that information distributed to workers might be more effective if it

is tailored to the circumstances of the individual. Perhaps current differences in partici-

pation rates by broad demographic category are partially a reflection of framing and the
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design of employer-provided educational materials.

As the design of the study allowed only two months between the intervention date

and the outcome evaluation, it is possible that some groups respond more slowly and a

follow-up study allowing for more time to enroll would find different patterns or larger

effects. For example, it may be that that receipt of the nudge causes workers in the

treatment group to move up their planned date of participation, but this group would

have participated at some later date in the absence of the intervention. If this were the

case, the nudge could be viewed as a tool to influence the timing of plan sign up, but not

long term participation rates. It is also important to note that the sample used included

only individuals who had not already enrolled in the plan, perhaps due to inertia or a

lack of understanding of the employer match and compounding. Viewed in this light,

the increases in participation from the nudge are even more impressive. In addition, we

should emphasize that the nudge was extremely low cost. It was developed using in-

formation already provided by the plan provider and sent through company e-mail or

interoffice mail. Thus, even modest increases in participation rates are impressive from a

cost-benefit perspective.

There are several potential reasons why workers might fail to participate in an employer-

sponsored 401(k) plan. On one hand, employees might not fully appreciate the value of

participation or might suffer from inertia. On the other hand, it might be that employees

are choosing not to participate in order to spend money on paying down debt or to save

for a large purchase. In order to understand the importance of these factors, we present

results from a short survey of newly hired workers. Results confirm the importance of the

employer match in participation and contribution decisions. We find an important role

of financial education in retirement savings, since not all benefits of participating in an

employer sponsored 401(k) plan are well understood.
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Employers seeking to raise participation rates in a 401(k) plan may choose to modify

plan design through manipulation of such features as employer matching contributions,

defaults and automatic enrollment, or eligibility and vesting periods. However, if workers

either suffer from inertia or fail to fully appreciate the value of participating, a simple

informational nudge might be an attractive alternative.
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Table 4.1: Participation Rates Prior to Intervention for Employees Hired in 2008-2010

Percent Average Percent Contributing
Percent of Sample Participating in Contributing Rate 6% of Salary or More

401(k) Plan (Participants Only) (Participants Only)
Groups (1) (2) (3) (4)
All New Hires 100% 49.0% 6.6% 68.2%
Match Match-Eligible 58.1 59.6 6.4 69.3%
Match Match-Ineligible 41.9 34.2 6.8 65.5%
Gender Female 65.8 43.2 5.8 61.0%
Gender Male 34.2 60.0 7.6 78.1%
Salary <29,999 42.7 29.2 5.0 53.6%
Salary 30,000-59,999 34.2 55.4 5.8 64.9%
Salary 60,000+ 23.1 75.9 8.5 82.0%
Age <25 25.5 39.2 5.4 64.5%
Age 25-34 32.0 49.8 5.8 62.0%
Age 35-44 21.1 50.9 6.5 66.3%
Age 45+ 21.5 57.4 8.5 80.7%
Notes: The data consist of all 7,218 workers who were hired between 2008 and 2010 and were still actively employed as of June 20,
2011. Participation, contribution rates, match eligibility and age are measured as of February 28, 2011. Column (3) is the average
contribution rate among those participating in the 401(k) plan, expressed as a percent of annual salary.
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Table 4.2: Regression Analysis of Participation Choice and Contribution Rate

Participation Contribution Rate Contributing 6% of
(Participants Only) Salary or More

(1) (2) (3)
Tenure (Months) 0.006∗∗∗ 0.010 −.0005

(0.001) (0.011) (0.001)
Match Eligible 0.122∗∗∗ −0.398 0.063∗

(0.019) (0.279) (0.028)
Female −0.030∗ −0.784∗∗∗ −0.096∗∗∗

(0.013) (0.177) (0.017)
Salary (in Thousands) 0.004∗∗∗ 0.022∗∗∗ 0.002∗∗∗

(0.0002) (0.002) (0.0003)
Age 18-24 −0.036∗ 0.119 0.060∗∗

(0.014) (0.229) (0.019)
Age 35-44 −0.043∗∗ 0.327 0.007

(0.015) (0.225) (0.021)
Age 45 and Older −0.004 1.966∗∗∗ 0.140∗∗∗

(0.015) (0.220) (0.019)
Observations 7, 218 3, 390 3, 390
Notes: See Table 1 for a description of the sample and the relevant means. Column (1) presents
average marginal effects derived from a logit model where the dependent variable is the choice
to participate. Column (2) presents coefficients from an OLS regression on the contribution rate
for participants. Column (3) presents average marginal effects derived from a logit model where
the dependent variable is the choice to contribute 6% or more of salary among plan participants.
Participation, contribution rates, and age are measured as of February 28, 2011. The omitted
age group is ages 25-34. A constant is also included in each specification. Standard errors are in
parentheses, ∗ p < 0.05,∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 4.3: Plan Participants’ Evaluation of Employer-Provided Financial Education

Participants Non-Participants
Age 18-44 Age 45+ Age 18-44 Age 45+
(1) (2) (3) (4)

Q: How would you rate the info you received?
The information I received was very comprehensive. 66.3% 75.0% 62.7% 52.2%
I would have benefited from more information. 32.0% 19.1% 24.2% 26.1%
I received information regarding my employer’s 401(k) plan but did not read it. 2.0% 4.4% 6.3% 13.0%
I did not receive any information regarding my employer’s 401(k) plan. 2.6% 1.5% 3.2% 4.3%
Blank 0.7% 0.0% 0.0% 4.3%
Q: Did the information you received influence your participation decision?
Yes, the information I received influenced my decision to participate. 44.0% 41.2% 33.7% 17.4%
Yes, the information I received influenced my decision to NOT participate. 0.6% 0.0% 7.4% 4.3%
No, the information did not influence my participation decision. 55.3% 58.8% 57.9% 78.3%
Blank 0.0% 0.0% 0.1% 0.0%
Q: What sources of information influenced your participation decision?
(Respondents could select all that apply)
Family and relatives 61.3% 27.9% 63.2% 47.8%
Colleagues and friends 30.0% 10.3% 21.1% 4.3%
Benefit office, website, other employer resources 40.7% 32.4% 31.6% 30.4%
Internet 12.0% 4.4% 7.4% 0.0%
Newspapers, books, magazines 18.7% 25.0% 10.5% 0.0%
Financial advisor 21.3% 25.0% 16.8% 13.0%
Number of Respondents 150 68 95 23
Notes: Sample is survey respondents hired between December 2010 and May 2011. Age is approximated from year of
birth.
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Table 4.4: Reasons for Non- or Limited Participation in 401(k) Plans, By Age Group

Panel 1: Participants
What factors limit the amount you contribute to the 401(k) plan? Age 18-44 Age 45+ Difference
I plan to increase my contribution amount once I am eligible for the employer 401(k) match. 29.3% 19.1% 10.2∗

I am concerned about the volatility of the stock market. 6.0% 5.9% 0.1
Taking into account SS, pensions, and spouse’s retirement, I expect that I will have sufficient 6.0% 14.7% -8.7∗

retirement income with the amount I am currently contributing.
Instead of saving more for retirement, I am paying off credit card debt. 16.0% 7.4% 8.6∗∗

Instead of saving more for retirement, I am paying of student loans, mortgages, or other debt. 22.7% 10.3% 12.4∗∗

I am primarily concerned with saving for a large purchase such as a car or a home. 13.3% 1.5% 11.8∗∗∗

I plan to start saving more in the future when I am closer to retirement. 7.3% 7.4% 0.1
My salary covers my monthly living expenses with little extra room for retirement savings. 32.0% 13.2% 18.8∗∗∗

Other (write in) 12.0% 26.4% -14.4
Number of Respondents 150 68
Panel 2: Non-Participants
Why are you not currently contributing to the plan? Age 18-44 Age 45+ Difference
I was not aware my employer provided this saving option. 1.0% 0.0% 1.0
I plan to start once I am eligible for the employer 401(k) match. 54.7% 52.2% 2.5
I am concerned about the volatility of the stock market. 4.2% 0.0% 4.2
Taking into account social security, employer pensions and spouse’s retirement benefits, I 0.0% 4.3% -4.3
expect that I will have sufficient retirement income.
Instead of saving more for retirement, I am paying off credit card debt. 11.6% 8.7% 2.9
Instead of saving more for retirement, I am paying of student loans, mortgages, or other debt. 16.8% 4.4% 12.4∗∗

I am primarily concerned with saving for a large purchase such as a car or a home. 10.5% 0.0% 10.5∗∗∗

I plan to start saving more in the future when I am closer to retirement. 2.1% 0.0% 2.1
My salary covers my monthly living expenses with little extra room for retirement savings. 27.4% 17.4% 10.0∗∗∗

I am unsure of whom to contact with questions or how to learn more about the 401(k). 5.3% 0.0% 5.3∗∗

The enrollment procedures were unclear or cumbersome. 5.3% 8.7% -3.4
Other (write in) 13.7% 13.0% 0.7
Number of Respondents 95 23
Notes: See Table 3 for a description of the sample. Respondents could select more than one response for each question.
∗ p < 0.05,∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 4.5: Financial Knowledge by Participation Status, Ages 18-44

Participants Non-Participants
Age 18-44 Age 45+ Age 18-44 Age 45+
(1) (2) (3) (4)

Financial Literacy Questions
Interest Rates 66.3% 75.0% 62.7% 52.2%
Inflation 32.0% 19.1% 24.2% 26.1%
Investment 2.0% 4.4% 6.3% 13.0%
401(k) Tax Advantage 2.6% 1.5% 3.2% 4.3%
401(k) Employer Match 0.7% 0.0% 0.0% 4.3%
Knowledge Score out of 5 0.7% 0.0% 0.0% 4.3%
Number of Respondents 150 68 95 23
See Table 3 for a description of the sample. The percentages in each column show the percent correctly
answering each type of question, with missing or blank responses classified as “incorrect.” The knowledge
score is calculated for only those respondents that left no more than 2 of the knowledge questions blank.
See Appendix B for specific wording for each of the knowledge questions.
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Table 4.6: Percent Initiating Participation during the Study Period

Percent Initiating Participation Among:
Groups N Intervention Group Control Group Difference

All New Hires 3,684 6.9% 5.9% 1.0
Match Eligible Before 1,691 5.4% 4.7% 0.7
Match Newly eligible 547 14.6% 13.2% 1.4
Match Not yet eligible 1,446 5.9% 4.4% 1.5
Gender Female 2,698 6.3% 5.5% 0.8
Gender Male 986 8.6% 7.1% 1.5
Salary <29,999 2,181 5.4% 5.4% 0.0
Salary 30,000-59,999 1,101 9.1% 4.7% 4.4∗∗∗

Salary 60,000+ 402 8.7% 12.6% -3.9
Age <25 852 7.8% 3.3% 4.5 ∗∗∗

Age 25-34 1,295 7.8% 7.4% 0.4
Age 35-44 794 6.4% 3.4% 3.0∗

Age 45+ 743 5.0% 9.4% -4.4∗

Notes: The data includes all workers hired in 2008, 2009, and 2010 who were not participating in the 401(k) plan as of
February 28, 2011 and excludes employees terminated during intervention period and 45 treated employees for which
the delivery method is unknown. The mean values for the treatment and control group were tested to determine if they
are statistically significantly different, Standard errors are in parentheses, ∗ p < 0.05,∗∗ p < 0.01, ∗∗∗ p < 0.001. Age
refers to worker’s age as of April 2011, the date of the intervention. The ‘match eligible before’ group consists of workers
that were eligible for the match as of February 2011. ‘newly eligible’ refers to the group that became eligible for the
match over the study period, and ‘not yet eligible’ are workers that were not eligible for the match as of June 2011.
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Table 4.7: Choice to Initiate Participation between February and June 2011

Full Sample Ages
18-24 25-34 35-44 18-44 45+

(1) (2) (3) (4) (5) (6)
Intervention 0.011 0.048∗∗ 0.006 0.031∗ 0.025∗∗ −0.048∗

(0.008) (0.015) (0.015) (0.015) (0.009) (0.021)
Tenure (Months) −0.001 −0.001 0.001 −0.003∗ −0.001 −0.0001

(0.001) (0.002) (0.001) (0.001) (0.001) (0.002)
Match-Eligible Before 0.014 0.068 −0.047 0.064 0.020 −0.006

(0.017) (0.045) (0.034) (0.040) (0.020) (0.035)
Newly Match-Eligible 0.092∗∗∗ 0.153∗∗ 0.058∗ 0.085∗ 0.094∗∗∗ 0.096∗

(0.020) (0.049) (0.028) (0.040) (0.022) (0.045)
Female −0.010 −0.039 0.011 −0.020 −0.014 −0.006

(0.010) (0.022) (0.016) (0.021) (0.011) (0.022)
Salary (10K) 0.001∗ 0.010 0.005 0.001 0.002 0.002

(0.015) (0.225) (0.021) (0.015) (0.009) (0.021)
Age 45 and Older −0.004 1.966∗∗∗ 0.140∗∗∗ 0.031∗ 0.025∗∗ −0.048∗

(0.001) (0.007) (0.003) (0.002) (0.001) (0.002)
Age at intervention:
Age 18-24 −0.009

(0.010)
Age 35-44 −0.023∗

(0.010)
Age 45+ −0.012

(0.010)
Observations 3, 684 852 1, 295 794 2, 941 743
Psuedo R2 0.034 0.084 0.032 0.053 0.035 0.053
Mean Participation 0.066 0.062 0.077 0.054 0.066 0.065
Notes: See Table 1 for a description of the sample and the relevant means. Column (1) presents average
marginal effects derived from a logit model where the dependent variable is the choice to participate.
Column (2) presents coefficients from an OLS regression on the contribution rate for participants. Column
(3) presents average marginal effects derived from a logit model where the dependent variable is the choice
to contribute 6% or more of salary among plan participants. Participation, contribution rates, and age
are measured as of February 28, 2011. The omitted age group is ages 25-34. A constant is also included
in each specification. Standard errors are in parentheses, ∗ p < 0.05,∗∗ p < 0.01, ∗∗∗ p < 0.001
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Table 4.8: Heterogeneity in the Effect of Treatment on the Probability of Initiating
Participation between February and June 2011

Ages 18-44
Group Sub-Group N Percent Initiating Average

Participation Marginal Effect
of Treatment

All New Hires 2,941 6.63% 0.025(0.009)∗∗∗

Match Eligible Before 1,322 5.30% 0.016(0.012)
Match Newly eligible 449 13.80% 0.031(0.033)
Match Not yet eligible 1,170 5.38% 0.032(0.013)∗∗

Gender Female 2,149 6.05% 0.018(0.010)∗

Gender Male 792 8.21% 0.042(0.019)∗∗

Salary <60,000 2,696 6.34% 0.026(0.009)∗∗∗

Salary 60,000+ 245 9.80% 0.012(0.039)
Ages 45 and Older

All New Hires 743 6.46% -0.044(0.021)∗∗

Match Eligible Before 369 4.88% -0.024(0.025)
Match Newly eligible 98 15.3% -0.090(0.089)
Match Not yet eligible 276 5.43% -0.068(0.034)∗∗

Gender Female 549 6.01% -0.029(0.022)
Gender Male 194 7.73% -0.086(0.048)∗

Salary <60,000 586 5.46% -0.027(0.021)
Salary 60,000+ 157 10.2% -0.103(0.058)∗

Notes: The data includes all workers hired in 2008, 2009, and 2010 who were not participating in the
401(k) plan as of February 28, 2011 and excludes employees terminated during intervention period and
45 treated employees for which the delivery method is unknown. The mean values for the treatment and
control group were tested to determine if they are statistically significantly different, Standard errors
are in parentheses, ∗ p < 0.05,∗∗ p < 0.01, ∗∗∗ p < 0.001. Age refers to worker’s age as of April 2011, the
date of the intervention. The ‘match eligible before’ group consists of workers that were eligible for the
match as of February 2011. ‘newly eligible’ refers to the group that became eligible for the match over
the study period, and ‘not yet eligible’ are workers that were not eligible for the match as of June 2011.
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Figure 4.1: 401(k) Plan Contribution Rates among Participating Newly Hired Workers
Notes: This figure illustrates the distribution of contribution rates as of February 28,
2011 among workers hired at LFI between 2008 and 2010. Forty-nine percent of newly
hired workers were participating in the 401(k) plan.
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Chapter 5

Golden Years or Financial Fears?

Decision Making After Retirement

Seminars§

5.1 Introduction

As retirement approaches, older workers face a series of important and irreversible deci-

sions such as when to retire, when to start collecting Social Security, and whether to take

an annuity or a lump sum from pension plans. These decisions have become much more

complicated as defined contribution plans have largely replaced defined benefit plans and

as financial options facing investors become more complex. These choices will help de-

termine individuals’ income levels in retirement, the sensitivity of income to economic

fluctuations, and the ability to maintain consumption throughout retirement.

To make the transition into retirement successfully, workers must utilize their own

0§ This is joint work with Steven Allen, Robert Clark, and Melinda Morrill (Allen et al., 2013)
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financial literacy and obtain knowledge about retirement programs offered by employ-

ers and the government. Without accurate information and sufficient financial literacy,

some older workers will make suboptimal employment and investment choices that will

have adverse consequences. Most lifecycle models of economic behavior assume that in-

dividuals have basic financial literacy and make resource allocation decisions to develop

saving/consumption plans along with work/retirement choices to maximize lifetime util-

ity.

Economists and other social science researchers have recently examined the level of

financial literacy and its role in economic decision-making. The general conclusion of

this research, recently surveyed by Hastings, Madrian and Skimmyhorn (2012), is that

individuals have rather low levels of financial literacy. This would make them more likely

to make sub-optimal resource allocation decisions. Individuals with low levels of financial

literacy have difficulty with paying bills on time, saving, and diversifying, as shown in

the many research studies cited by Hastings et al. Low levels of financial literacy are also

associated with lower wealth (see Lusardi and Mitchell, 2007, 2011; Gustman et al. 2012;

van Rooij, Lusardi and Alessie, 2012).

If steps are taken to increase financial literacy, will there be changes in behavior?

While it is interesting to see an association between low literacy levels and certain types

of decisions, this does not necessarily imply that improving financial literacy will lead to

a revision in retirement plans. Low literacy levels could reflect other variables (such as

intelligence, attitudes, or preferences) that do not show up in household surveys but more

truly determine choices. A few studies have attempted to determine changes in knowl-

edge base can lead to changes in decisions. For instance, Liebman and Luttmer (2011)

conducted a field experiment where a sample of older workers received information about

Social Security provisions in the mail; these workers were 4 percentage points more likely
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than the control group to be in the labor force one year later.

Financial literacy programs can take many forms and can occur in many different

settings. This study focuses on financial education and retirement planning programs in

the workplace. Since individuals spend substantial time at work and since much of what

they need to know to develop retirement plans is related to employer-provided benefits,

the workplace is well-suited for financial education programs. The programs that we have

studied are provided by the employer at no cost to the employee and are conducted dur-

ing the workday on company time.

In this study, we examine the retirement planning programs offered by employers to

their older employees and assess their impact on financial literacy and retirement plans.

There is a sizable literature on retirement planning (recent examples include Benitez-Silva

and Dwyer, 2005, and Chan and Stevens, 2008), but the role of financial literacy has not

been explored. There also has been some research into the impact of retirement seminars

by Bayer, Bernheim and Scholz (2009), Bernheim and Garrett (2003) and Lusardi (2003);

these studies find that those with access to seminars save more and have higher wealth.

We study how worker knowledge changes after completion of a retirement seminar and

whether the changes in knowledge actually lead to changes in retirement plans. We build

upon previous work by Clark, Morrill and Allen (2012a, 2012b) that examined retirement

plans of workers in three companies that did not have retirement planning seminars. That

study finds employees who mistakenly think that Social Security or pension eligibility

is later than it really is plan to retire later than well-informed workers. The results are

more mixed for those who mistakenly thought they were eligible earlier than they really

were; this type of mistake on full Social Security benefit eligibility is associated with

earlier retirement whereas mistakes regarding early Social Security eligibility and private

pension eligibility were unrelated to planned retirement age.
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This paper examines how much employee knowledge about pension plan parameters

and financial matters changes after attending a retirement planning workshop. It then

explores whether attendees make changes in their plans for retirement and receipt of

Social Security benefits. Our findings indicate that participants increase their financial

and pension literacy, and on the basis of new knowledge many alter their retirement plans.

5.2 Financial Literacy and Retirement Decisions

When individuals enter the labor force, they immediately begin making important choices

about their lifetime consumption and saving profiles. Lifecycle theory suggests that indi-

viduals set retirement goals and targets early in their careers. In order to achieve these

retirement goals, workers select saving and investment behavior consistent with their

goals. As new information becomes available, people will re-optimize their consumption

and saving patterns, and they may alter their retirement expectations using this new

knowledge. The primary retirement goals that workers must set include the age of re-

tirement and their levels of retirement income. A fundamental principle in retirement

planning is that younger retirement ages and higher retirement incomes require more

saving and less consumption throughout one’s working life. Younger retirement ages may

require more risk-taking as well.

While considerable attention has been paid to the undersaving of American workers,

much less attention has been focused on how older workers make decisions concerning

the allocation of their resources as they enter into retirement. Workers must decide when

and how to enter into retirement, and how to best use the resources available to them.

Limited available evidence suggests that older workers do not have sufficient financial lit-

116



eracy needed to make the many choices that must be made as they transition from work

to retirement (Bernheim 1995, 1998; Hilgert and Hogarth 2002; Lusardi and Mitchell

2006, 2007). Incorrect or insufficient knowledge can lead to suboptimal choices. For this

reason, programs that increase financial literacy and retirement program knowledge have

the potential to improve retirement decisions and produce better retirement outcomes

(Clark and d’Ambrosio 2003; Clark, et al., 2006; Lusardi 2008). Pre-retirement planning

seminars held in the workplace can efficiently address the numerous questions that indi-

viduals approaching retirement share, thereby reducing human resources costs.

Some of the most important decisions older workers must make are:

� When to retire from their career jobs?

� When retiring from a career job, whether to request a lump sum distribution from

their defined benefit plan or accept a life annuity from the plan?

� What age is best to start receiving Social Security benefits?

� Should the account balances in 401(k) plans be annuitized?

In making these important decisions, individuals must rely on their own financial literacy

and understanding of financial mathematics, and have accurate knowledge about their

employers’ and national retirement programs. Workers can acquire the needed knowledge

to make these key decisions in various ways and one resource often available is employer-

sponsored pre-retirement planning programs.

Many large employers offer some type of planning seminar for retirement eligible

employees. Sabelhaus, Brogdan, and Holden (2008) report that 46 percent of pension

participants covered by defined contribution plans work for companies that provide re-

sources to assist participants in retirement choices. Thirty percent of participants have

the opportunity to attend employer seminars and workshops, and almost 85 percent of
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these rely on this information to ‘some’ or a ‘great’ extent in making their retirement

decisions. In a plan sponsor survey, Wray (2008) finds that 31 percent of employers

offer seminars focusing on retirement assets and income planning. While not universal,

employer-provided retirement planning programs are common, accessible to perhaps one-

third of the labor force.

Although many business leaders and analysts believe these programs are beneficial

to employees and increase their financial knowledge, relatively little formal analysis of

employer programs has been conducted. Thus, not much is known about the effectiveness

of workplace education and its ability to alter the retirement decisions of employees. To

address these important issues, we examined the pre-retirement programs of five large

national employers. The principle objective of the research is to assess whether these

programs are successful in improving workers’ knowledge as they approach retirement.

We also examine whether, on the basis of participating in a workplace educational event,

employees alter their retirement plans.

5.3 Research Methodology

To evaluate employer-provided pre-retirement planning programs, we assembled a team

of five large employers ranging in size from 8,000 to 40,000 employees. Four of the firms

have sites throughout the United States; their home offices are in New Jersey, North

Carolina, Oklahoma, and Washington. Each of the employers offers defined benefit plans

(three employers have cash balance plans), each offers health insurance to active and re-

tired workers, and each offers supplemental defined contribution plans (all but one have

an employer match). The employee populations of these companies vary by gender, edu-
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cation, earnings, and geographic location.

We examine the impact of pre-retirement planning programs offered by these employ-

ers to their older employees between June 2008 and December 2009. The usual process

followed by the employers is that retirement-eligible employees are invited individually

to participate in these programs by their employer: invitations are issued, attendance is

tracked, and there are high participation rates. Because of the high demand by employees

to participate in the programs, several employers limit participation to once every five

years or so. These programs are on-going and the employers expect that over a number of

years, most eligible employees will attend one of these programs. Thus, the participants

in the programs we observe should roughly reflect the population of older workers at

these employers on average.

There always is a possibility of selection issues associated with participation in var-

ious types of educational events. For example, only workers with certain characteristics

might attend these programs. Thus, attendance only by persons who desired to par-

ticipate could suggest that statistical analysis might overstate the impact of financial

education seminars. Therefore, analysis of programs where attendance is voluntary and

only a small portion of the population participates could yield biased results. In con-

trast to past studies of voluntary seminars or benefit fairs, the programs we examine are

more structured. While attendance is voluntary, employees receive specific invitations

from their employers and attendance is recorded. Most employees attend one of these

company provided programs once they become retirement-eligible. As a result, the se-

lection bias should be considerably less in our study.1 Nevertheless, we only observed

seminars offered between June 2008 and December 2009, thus, we do not monitor these

1The programs offered by three of the employers have been presented over a number of years. In
contrast, the programs by two of the employers were implemented during our study period and thus a
full cycle of retirees has not had a chance to attend one of the programs.
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programs over an extended period. For this reason, it is possible that these programs

may have attracted a non-representative sample of the workforce during the 18 months

of our project. The leaders of the various employer-provided programs did not report

any obvious selection bias among the participants during the study period. Instead, they

believed that most workers invited to participate actually attended the programs and

over time all retirement eligible workers were invited to attend one of these programs.

Appendix Table G.1 presents a comparison of our sample to the nationally representative

Health and Retirement Study (HRS) data.

We worked with each employer in the spring of 2008 to develop an evaluation process

for their pre-retirement planning programs. Our methodology included the development

of two surveys. The first survey was to be completed by each participant prior to the

start of the program. The objective was to obtain baseline socioeconomic data about the

individual and his/her household, as well as information concerning retirement plans and

investment strategies. Employees also answered questions about their financial literacy

and their knowledge of employer and national retirement programs. Two financial liter-

acy questions similar to those developed by Lusardi and Mitchell (2006) for the Health

and Retirement Study were included along with a series of knowledge questions about

Social Security, Medicare, and the characteristics of company retirement plans.

At the conclusion of the seminar, participants were asked to complete a second survey.

This time, participants answered additional questions concerning the program, the em-

ployee’s assessment of the seminar, and its value. The knowledge and literacy questions

were repeated, to see if the participants’ overall knowledge of retirement programs and

financial markets had improved. Seminar participants were also again asked about their

retirement plans, so we can observe any changes in plans that individuals made due to

the seminar. Three of the employers used hard-copy surveys (employers A, C, and D).
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The program leaders at each of these companies extended the length of their programs to

allow participants 15 to 20 minutes prior to the start of the seminar to complete Survey

One and similar time at the end of the program to complete Survey Two. The other two

employers (employers B and E) used electronic surveys; in this case, a link to the elec-

tronic Survey One was sent via email to participants about a week prior to the seminar

and a link to Survey Two was e-mailed to the participants immediately following the

seminar. Attendees were given approximately two weeks to complete Survey Two. This

research is based on participant surveys from 85 seminars that incorporated our surveys

into their programs between June 2008 and December 2009. We merged the responses

from the five employers into a single data set which we call Participants Attending Re-

tirement Seminars (PARS).

Appendix Table F.1 describes the construction of the PARS dataset in detail. Sem-

inars varied in size and duration across the employers. During the research period, em-

ployer A held 31 seminars with approximately 500 attendees that were 4 hours long.

Employer D had 12 seminars that were two and half days in duration and covered 281

employees. Employer E and Employer B both had all day seminars. In 2008, the Em-

ployer C seminars were one day, but in 2009 the seminars were reduced to a half day.

Thus, we were able to develop a unique data set that included seminars ranging in length

from one half day to two and half days. Some seminars took place during a significant

economic decline and some in the early stages of the economic recovery. During the 18

month data collection period, over 1,500 individuals attended the seminars of these five

employers. We received completed responses from 1,182 for a response rate of 74 per-

cent. In most of the analysis, we restrict the sample to participants born between 1943
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and 1959, thus participants were approximately age 50 to 65 at the time of the seminars.2

5.4 Survey Design

The basic framework of each of the surveys was similar across the firms; however, some

components of the surveys were customized for each employer. The surveys mentioned

the specific employer by name, where appropriate, and people were asked about their own

employer-specific retirement benefits by name. Questions concerning retirement saving

accounts differed somewhat between private-sector versus public/ nonprofit employers

(i.e., questions concerned 401(k) plans in the private sector and 403(b) and 457 plans

in the public sector). In addition, several employers requested that specific questions be

added to the survey to help them better understand how their employees were using the

human resource programs and accessing the help lines offered by their 401(k) and 403(b)

providers.

The objectives of Survey One were to determine employee’s understanding of their em-

ployer’s pension and health benefits, their knowledge of national retirement plans such as

Social Security and Medicare, their financial literacy, and their current retirement plans.

To assess the current level of knowledge regarding national retirement plans, the survey

asked about Social Security early and normal retirement ages as well as early retirement

penalties, cost of living increases, and the age of eligibility for Medicare. In addition, par-

ticipants were asked benefit and eligibility questions concerning their employer defined

2The age-50 restriction was applied to limit the sample to individuals approaching retirement deci-
sions. Most of the employers only invite retirement eligible employees to these programs so, in fact, this
results in only a few seminar participants being deleted from the sample. The upper age limit was applied
to limit the sample to those who had not yet attained the normal retirement age for Social Security. In
addition, we felt that workers over age 65 had already made the decision to delay retirement and that
they would most likely have very different responses to these programs than workers age 50 to 65.

122



benefit plans and their own 401(k) or 403(b) accounts.

This survey also included several questions related to basic financial literacy. Survey

One also asked participants the age that they expected to retire, when they expected to

start Social Security benefits, what the expected level of benefits would be, and what

benefits they expected to receive from their employer-provided retirement plans. Ques-

tions probed employee intentions concerning annuitization of pension assets and work

plans after they retired from their current employer. Finally, Survey One contained a

series of economic and demographic questions concerning current income, wealth, age,

marital status, and the work, income, and retirement benefits of any spouse or partner.

The primary objectives of Survey Two were to determine how participants evaluated

the seminar, whether they enhanced their knowledge of retirement programs, and whether

the new information changed their retirement plans. To assess the employees’ impression

of the seminars, the first section of Survey Two asked respondents if the program provided

useful information, if the information was presented at the right level for them, if the

presenters were of high caliber, if they felt better able to make retirement decisions after

completing the program, and whether they valued the program as an employee benefit.

The next two sections of Survey Two repeated many Survey One questions concerning

retirement intentions and knowledge. By comparing the answers given across both sur-

veys, we assess the change in the respondent’s knowledge about retirement programs,

financial literacy, and whether participants changed their retirement plans.
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5.5 Did Participant’s Financial Literacy Rise?

The primary objectives of our research were to answer two key questions concerning

workplace financial education programs. First, do employer-provided retirement plan-

ning programs increase financial literacy and knowledge about company and national

retirement programs? Second, if financial literacy is increased, how does this enhanced

knowledge affect worker retirement behavior? To examine the impact of financial educa-

tion programs, we use the PARS data which includes merged survey responses from the

five employers. Means of various demographic, economic, and retirement plans charac-

teristics are shown in Table 5.1. The sample is composed of 840 workers age 50-65 with a

mean age of 57.8 years. Males represented 57 percent of the employees, while 76 percent

of respondents are married, and they have an average of 25 years of service with their

current employer. In general, these are relatively high earners with above-average wealth.

[Table 5.1]

To examine the level of financial literacy and knowledge of retirement programs prior

to the seminar, the participants were asked a series of financial literacy and retirement

program questions. The following analysis is based on 10 of these questions. The ques-

tions, along with a summary of correct answers are reported in Table 5.2. The average

number of correct responses prior to the seminar is 6.2; afterwards the average number

of correct answers rose to 7.5, indicating a substantial level of learning among program

participants. In general, the questions on which the lowest percentage of respondents

gave the correct answers (P2 to P5 in Table 5.2) are those questions that relate to Social

Security eligibility ages and how Social Security benefits vary with age and over time.3

3It should not be surprising that many older workers do not know the basic eligibility and plan
characteristics of national retirement programs. Key parameters of Social Security, Medicare, and pension
regulations are based on legislation passed at different points in time and have different objectives. As a
result, many alternative ages are specified in these programs that determine access to retirement income.
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[Table 5.2]

It also is worthwhile comparing how scores on some critical variables in the index

changed between Surveys 1 and 2. In Survey 1, 30.4 percent of the responses on the

age at which one can begin receiving normal Social Security benefits were too low and

19.9% were too high. Both of these percentages dropped considerably in Survey 2; 20%

were too low and 10% were too high. The average knowledge score after the seminar

for the entire sample is significantly higher than the average score prior to the seminar,

and the improvement in knowledge and literacy for participants from each employer is

significantly higher after the seminar. Figure 5.1 shows the distribution of participants’

knowledge scores (the number of correct answers) before and after the seminar. Prior to

the seminar, 42 participants score a perfect 10 while 515 participants have scores of six

or lower. After the seminar, 153 participants have correct answers for all 10 questions

and only 233 have a score of six or fewer.

[Figure 5.1]

Figures 5.2 and 5.3 show the change in knowledge achieved during the seminar. Over-

all, 671 participants or 68 percent of the sample improved their knowledge scores. The

knowledge score is unaffected for 193 individuals (20 percent of the sample) while 12 per-

cent of the sample show a slight decrease in their financial knowledge. Figure 5.3, Panel B

illustrates the knowledge gain sorted by the base level of financial knowledge from Survey

One. Most importantly, those with initial low scores achieve substantial increases in their

knowledge of retirement plans. Of the 514 individuals with low pre-seminar knowledge

scores (6 or fewer correct answers), 429 improve their knowledge scores with almost half

A recent study (US GAO 2007) summarized these many different retirement age-related rules ranging
from age 55, the age of eligibility for drawing certain pensions without penalties if leaving an employer,to
age 70 which is the age for mandatory withdrawals from pension plans to avoid tax penalties. While
confusion over these ages is understandable, the retirement income of workers depends on their knowledge
of these ages and the timing of their retirement decisions.
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achieving increases of 3 or more additional correct answers. For this reason, we conclude

that the pre-retirement planning seminars did increase financial literacy for almost all

participants, with large gains among those with relatively little knowledge prior to the

event.

[Figure 5.2]

[Figure 5.3]

It should be emphasized that the gains in knowledge are observed across all economic

and demographic characteristics of the participants. Table 5.3 shows the knowledge in-

dex by various employee characteristics. There is a 1.3 point gain on a 10 point scale in

the mean score of the entire population. Younger participants, those aged 50-58, have a

greater increase in their knowledge scores than the older participants, a gain so large that

it eliminates the age difference in knowledge observed prior to the program. Knowledge

gains also are slightly larger for those with 20 or fewer years of service than those with

more than 20 years of service. Women have larger gains in knowledge than men but still

have a lower knowledge score than men after the program.

[Table 5.3]

Interestingly, people with lower self-assessed knowledge scores prior to the seminar

have a much larger gain in mean scores than those with a higher initial self-assessed level

of knowledge (1.50 compared to 1.07). This is another indication that the programs are

beneficial to those with relatively little knowledge of their retirement plans. There also

is evidence that those with some college learn more from the seminars than those with

no more than a high school education. Workers with some college start with a higher

initial level of knowledge than those who have less education (6.44 to 5.01) and the gap

widens even further (7.81 to 6.16) after the workshops. This implies that education and

retirement planning programs have complementary effects on learning. Overall, these
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data provide important statistical support for the conclusion that workplace education is

effective in increasing financial literacy for older workers and the gains are often greater

for those that enter the event with the lowest levels of financial literacy.

Table 5.3 also shows how knowledge scores changed in each of the five companies.

Employer E had the largest increase in knowledge scores (1.75 points). This employer in-

troduced the seminars during our study period and invited all employees age 50 and older

to attend. Scores increased by 1.39 points or more at Employers A, B, and D. The score

increase was lowest at Employer C (0.59 points), but that may be partly attributable to

a relatively high score in Survey 1.

5.6 Did Greater Knowledge Change Retirement

Plans?

After participating in the workplace educational event and increasing their financial lit-

eracy, how do workers respond? Does enhanced knowledge result in changes to planned

retirement behavior change and the management of retirement wealth? Table 5.4 com-

pares responses between Surveys 1 and 2 for four key variables: planned retirement age,

planned age to begin receiving Social Security benefits, plans for working after retirement,

and the decision to annuitize. Although the median retirement age does not change at all

and the mean retirement age changes only slightly, over a third of the sample reports a

different planned retirement age after attending the seminar. The same pattern prevails

for the age workers plan to sign up for Social Security. Seminar attendees say they are

more likely to work after retirement in Survey 2 (51%) than they did in Survey 1 (41%).
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They also are more likely to annuitize some or all of their 401k balance in Survey 2 (27%)

than in Survey 1 (19%). Fewer believe they will take their pension out in a lump sum

after Survey 2 (31%) than after Survey 1 (34%).

[Table 5.4]

Are these changes in retirement plans associated with improved financial knowledge

and better understanding of pension plan parameters? To address this question, we use

the following framework. Before attending the retirement planning seminar, each worker

has a planned retirement age based on a host of factors including expected longevity,

wealth, expected future earnings potential, features of public and private pensions, and

spousal retirement plans. During the seminar, the employee obtains information from the

various presentations, has a chance to ask questions and discusses retirement issues infor-

mally with other attendees. In response to this expanded set of information, the worker

will either confirm his or her original choice of retirement age or make an adjustment

toward earlier or delayed retirement.

Formally, we model this thought process with a linear equation where the planned

retirement age (R) is a function of knowledge (Info) at a given point in time and personal

characteristics (X ) related to retirement decision making (e.g., age, gender, earnings and

marital status will be reasonable proxy variables for longevity, future earnings, wealth

and household decision making). Before the seminar (t = 1), we write that the planned

retirement age in period 1,R1, as a linear function of demographic characteristics, X, and

the information set, Info.

Ri1 = α1 + β1Xi1 + γ1infoi1 + εi1 (5.1)
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The planned retirement age after the seminar, 1,R2, is the planned retirement age in

period 1 plus any revision to the retirement plan that is made as a function of demographic

characteristics, X, and the change in knowledge.

Ri2 = Ri1 + α2 + β2Xi2 + γ2(infoi2 − infoi1) + εi2 (5.2)

In the short time between surveys 1 and 2, we assume that Xi2=Xi1=Xi. Rearranging

equation (2), we find that the change in retirement age is a function of demographic

characteristics and the change in the information set. Equation (3) is our main regression

equation:

∆Ri = Ri2 −Ri1 = α2 + β2Xi + γ2(infoi2 − infoi1) + εi2 (5.3)

The change in planned retirement age, R, will depend on: (a) how people with given

values of X reevaluate their retirement decisions (α2 and β2); (b) the effect of changes in

the information set, (γ2Info); and (3) random noise that we cannot capture in our model

or data (ε2).

In practice workers have a probability density function for expected retirement age

instead of a 100 percent probability at a single age. Workers report the age that has the

highest p-value of occurring. Changes in the probability density function would still be a

function of X and changes in Info. Empirically we estimated three closely related probit

models: the probability that R2 does not equal R1, the probability that R2 > R1, and

the probability that R1 < R2.

To estimate the impact of the learning that took place at the seminar on planned

retirement age, this study focuses on the participant knowledge scores in the PARS data.
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Following other papers in the literature, we start with an aggregate index of knowledge

based on the 10 items in Tables 2 and 3; this variable is scaled to be between zero and 10.

Because our focus is on planned retirement age, we also break down this index into its

three major components: (1) knowledge about Social Security and Medicare, (2) overall

financial knowledge, and (3) knowledge about the defined benefit plan at work. Finally,

we examine the role of each individual variable in the knowledge score index as an in-

dependent variable. In effect this means that each knowledge variable can have its own

coefficient, whereas the aggregate index constrains the coefficients of all 10 variables to

be the same.

As indicated in Tables 2 and 3, the seminar led to an increase in financial literacy

among the attendees. This increase in knowledge may affect both planned retirement be-

havior and planned management of retirement wealth. Table 5.4 presents a comparison

of means of expected retirement and Social Security claiming age as well as responses

to questions pertaining to management of retirement wealth. Although mean retirement

age increases only slightly, 36.8% of seminar participants changed planned retirement age

(as measured by their expected age of retirement on survey two in comparison to their

expected age of retirement as indicated on survey one). Mean Social Security claiming

age also increased; 36.3% of respondents indicated a change in the age they plan to start

receiving Social Security benefits. There was over an 8 percentage point increase in the

number of attendees indicating plans to work after retirement, while the number indicat-

ing uncertainty regarding plans to work after retirement dropped by over 10 percentage

point. These changes in age at which to draw on retirement benefits and plans to work

after retirement may be due to a better understanding of retirement income needs and

total expected retirement wealth.

Table 5.4 highlights other changes which include a shift in plans regarding pension
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and supplemental retirement saving account distributions. Prior to the seminar, there

was considerable uncertainty regarding whether to annuitize account balances in supple-

mental retirement plans and whether to take lump sum distributions from the defined

benefit plans. Post seminar, fewer respondents indicate uncertainty about annuitization

of their 401(k) balance. However, the number of respondents indicating uncertain plans

regarding taking a lump sum distribution of their pension increased. Before the seminar,

approximately 19 percent of the sample planned to annuitize some or all of their sup-

plement plan funds. This increased to 25 percent after the seminar, with the proportion

that had not decided declining by 8 percentage points. However, almost half of the par-

ticipants were still undecided in regards to annuitization. Post seminar, approximately

23 percent of the employees were certain that they want to take a lump sum distribution

of their defined pension benefit while 42 percent were uncertain. These results suggest

that deciding whether to take a lump sum distribution from one’s pension or to annuitize

one’s 401(k) balance are complicated decisions.

The results presented in Table 5.4 suggest that information received during the pre-

retirement seminar did have an effect on the participant’s planned retirement age. In

Table 5.5, we explore the effect of this increase in financial literacy on planned retire-

ment age by estimating the probability of a change in retirement age based on the three

different measures of learning. The first panel explores the effects of an increase of fi-

nancial literacy using an aggregate measure of the change in financial knowledge (based

on responses to knowledge questions before and after the seminar) while controlling for

demographics, wealth, and the individual’s employer. The change in knowledge score vari-

able indicates the change in the total number of correct responses for the 10 knowledge

score questions. Column (1) presents the average marginal effects from a probit regression

on the probability of a change expected retirement age. Results indicate that an increase
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in the aggregate knowledge score is associated with an increase in the probability of a

change in expected retirement age.

[Table 5.5]

Columns (2) and (3) further define the change by presenting the average marginal

effects of a regression on the probability of a delay in expected retirement and the prob-

ability of an earlier expected retirement, respectively. In column (2), the change in the

knowledge score variable is positive and statistically significant which indicates that a

change in knowledge score is associated with increased probability of delaying retirement.

In column (3), the change in knowledge score is small and statistically insignificant, in-

dicating that a change in the aggregate knowledge score did not lead to an increase in

the probability of an earlier planned retirement.

Table 5.5, Panel B presents a similar analysis, but disaggregates the change in knowl-

edge score to four distinct groups to better understand which areas of learning impact re-

tirement plans. Results from column (1) indicate that both learning about public program

eligibility and company specific retirement plans lead to an increase in the probability

of a change in planned retirement age. Knowledge about the age at which an individual

is eligible to receive Social Security may have a significant impact on retirement plans if

their prior understanding of the eligibility for these programs was incorrect. Accordingly,

a better understanding of company specific retirement guidelines including pension plan

distributions and retiree health benefits may also influence retirement plans.

In column (2) we see that learning about public program eligibility is associated with

an increase in the probability of a delay in retirement. In the specification presented

in column (3) we see that learning about investment diversification and inflation is as-

sociated with decrease in the probability of earlier retirement. A better understanding

of inflation could influence the employee’s perception of retirement wealth which might
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make it less likely he would move up his planned retirement age.

Table 5.5, Panel C further disaggregates the change in knowledge score by presenting

the change in response to each of the 10 questions. By doing so, we can determine how

learning about each individual item influenced retirement plans. In column (1) we see

that the effect of leaning about public program eligibility is driven by learning about

the age at which the individual can receive full Social Security benefits and the age at

which an individual will be eligible for Medicare. Learning about the early Social Security

retirement age does not appear to lead to a change in expected retirement age. As Social

Security provides a significant source of retirement income for the individual and health

insurance is costly, a better understanding of eligibility for these two important programs

is likely to influence retirement plans. The results in column (1) also show that learning

about employer pension eligibility is positively associated with a greater probability of

a change in planned retirement age. The Social Security coefficients in column (2) are

similar to those in column (1). They have the same sign as in column (1), but are of

smaller magnitude. The similarity between the results presented in these two columns is

due to the fact that of those that do change expected retirement age, they tend to do

so by delaying retirement. Learning about company pension eligibility is not related to

probability of delayed retirement.

In column (3), Table 5.5, Panel C, we see that two of the three questions included

in the “Public Program General” index are independently statistically significant at the

ten percent level but of opposite sign. Learning that the reduction in Social Security

benefits due to claiming early retirement is permanent is, paradoxically, associated with

an increase in the probability of earlier retirement. Learning that Social Security benefits

are increased by the rate of inflation is associated with a decrease in the probability

of earlier retirement. For those who thought that benefits increased more rapidly than
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inflation, this information would have a negative impact on the individual’s perceived

retirement wealth which could entice him to consider an earlier date of retirement than

currently planned. This is somewhat consistent with the results for the financial knowl-

edge question on inflation and retirement income. Those who learned how inflation can

erode real income were less likely to change their planned retirement age to be earlier.

The relationship between knowledge and retirement plans is complex and depends

on the direction of knowledge errors. By disaggregating the knowledge score index and

exploring each component individually, we see how each piece of knowledge influences

the individual’s planned retirement age. Table 5.6 replicates the models of Table 5.5 for

a different retirement decision the age at which one begins receiving Social Security

benefits. In Panel A, we see that changes in the aggregate knowledge score are associated

with higher probability of changing one’s Social Security claiming age, higher probability

of delaying that age and higher probability of an earlier claiming age. When the aggre-

gate index is broken down into four major components, it is clear that Social Security

knowledge is driving the panel 1 results. Panel C, Table 5.6 confirms the role of two key

Social Security parameters: the age at which one is eligible for full or unreduced Social

Security benefits and the Medicare eligibility age. Improved knowledge for the “normal

retirement age” for Social Security is associated with greater probability of changing the

Social Security claiming age and greater probability of delaying Social Security claiming

age. Improved knowledge in Medicare eligibility is associated with greater probability of

changing Social Security claiming age and greater probability of planning to claim Social

Security at an earlier age.

[Table 5.6]
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5.7 Conclusions

Many older workers have a rather low level of financial literacy and understanding of their

retirement programs. Limited or inaccurate information may lead them to make poor re-

tirement decisions, undermining their ability to achieve retirement income adequacy. This

study examined how pre-retirement planning programs offered by five large employers

improve financial and pension literacy and how this changes employee retirement plans.

The analysis reveals program participants increased their financial knowledge and a sig-

nificant share of those who became more knowledgeable also changed their retirement

plans.

The results of this study should provide encouragement to employers considering

whether to adopt pre-retirement planning programs. Based on our assessment of these ini-

tial data, employer provided financial education programs can increase employee knowl-

edge of retirement programs and assist them in making better retirement choices. Par-

ticipants also expressed satisfaction with the quality of the programs and credited their

employers for offering the seminars (Clark, Morrill and Allen, 2011). Consequently, em-

ployers can facilitate the transition into retirement by providing the means for workers

to increase their understanding of key retirement concepts, enabling their employees to

achieve a more desirable retirement.
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Figure 5.1: Knowledge Score Pre and Post-Seminar
Notes: Aggregate knowledge scores for respondents in the PARS data who answered at
least five out of ten questions in both Surveys One (before the seminar) and Two (after
the seminar). Missing or blank responses are treated as incorrect.
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Figure 5.2: Changes in Knowledge Scores Pre-Post Seminar: All Participants

Figure 5.3: Changes in Knowledge Scores Pre-Post Seminar: Separately by High and
Low Pre-Seminar Knowledge
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Figure 5.4: Expected Retirement Age by Survey Scatterplot
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Table 5.1: PARS Data Descriptive Statistics

(Mean or Percent)
Age 57.8
Male 54.1%
Married 76.3%
Years of Service 24.7
Some College 82.4%
Covered by a Pension Plan 93.2%
Own Home 92.9%
Self-Assessed Knowledge (1-7) 4.1∗

Years from Planned Retirement (Before) 4.6
Years from Planned Retirement (After) 4.9
Wealth and Earnings Variables:
Earnings – Medium ($50K-$100K) 43.6%
Earnings – High ($100K+) 31.4%
401(k) Account Balance – Medium 61.9%
(1-5 Years of Current Salary)
401(k) Account Balance – High 18.2%
(More Than 5 Years of Current Salary)
∗Sample size for this question was less than 840 due to missing response.

Notes: Sample size is 840 respondents from the PARS
dataset. All variables reported here are measured before
the seminar.
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Table 5.2: Participant Knowledge Before and After the Seminar

Survey Question Percent Answering
Correctly

Before After
Seminar Seminar

Financial Knowledge
F1 True or false? “Buying a single company stock usually
provides a safer return than a diversified portfolio.” False 84% 91%
F2 Assume that your retirement income increases by 2%
per year and that the annual rate of inflation is 4% per year.
After one year, will you be able to:
a) buy more goods and services? 82% 85%
b) buy fewer goods and services?
c) buy exactly the same amount of goods and services?
d) don’t know
Public Programs
P1 What is the earliest age that you can start Social
Security benefits? 62 74% 82%
P2 What is the age that you can receive a full or unreduced
Social Security benefit (“normal retirement age”)? 66 44% 66%
P3 If you start Social Security benefits at the earliest
possible age, you will receive a benefit that is x percent of the 25% 41%
benefit you would have received at the normal retirement age. 75%
P4 Is the reduction in Social Security benefits for early
retirement permanent or does the reduction end when you reach the 64% 80%
normal retirement age? Permanent
P5 After you start receiving Social Security benefits,
these benefits are:
a) the same for the rest of my life
b) increased annually by the rate of inflation 37% 53%
c) increased annually but by less than the rate of inflation
d) increased annually but by more than the rate of inflation
e) Don’t know
P6 What is the earliest age that you will be eligible for 68% 83%
Medicare? 65
Company-Specific Questions
C1 Can you take a lump sum distribution of some or all of
your pension plan (do not include income for your 401(k) account)? 73% 84%
Yes (all five companies)
C2 Does your company offer you the opportunity to stay
in the company health plan after you retire? 68% 88%
Yes (all five companies)
Average Knowledge Score (Out of 10) 6.2 7.5
Notes: There were slight variations in the surveys sent out, where some included “don’t know” as an
option while others did not. For more details see the data appendix.
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Table 5.3: Participant Index of Knowledge Pre and Post-Seminar

Participant N Categories Before After Difference
Characteristic Seminar Seminar
Full Sample 840 6.19 7.52 1.33∗∗∗

Age 686 50-61 6.12 7.53 1.41∗∗∗

149 62 and Over 6.57 7.50 0.93∗∗∗

Gender 454 Male 6.80 7.93 1.13∗∗∗

386 Female 5.48 7.04 1.56∗∗∗

Education 148 HS or Less 5.01 6.16 1.15∗∗∗

682 Some College 6.44 7.84 1.37∗∗∗

Earnings 205 50K or Less 4.81 6.06 1.25∗∗∗

630 More than 50K 6.64 8.00 1.36∗∗∗

Years of Service 258 20 or Less 6.12 7.60 1.48∗∗∗

582 More than 20 6.23 7.49 1.26∗∗∗

Knowledge Score by Company
A 351 5.62 7.01 1.39∗∗∗

B 66 5.44 6.79 1.35∗∗∗

C 156 6.87 7.46 0.59∗∗∗

D 105 7.41 8.96 1.55∗∗∗

E 162 6.28 8.03 1.75∗∗∗

Notes: The sample is 840 respondents from the PARS sample; see Table 1 for sample descriptive statistics.
Entries in these columns are mean number of questions answered by the participants in each category.
Sample sizes may vary for particular rows due to missing information on some characteristics. The sample
is limited to those respondents who answered at least 5 knowledge score questions out of a total of 10
questions, for both surveys 1 and 2. ∗∗∗indicates statistically significant at the 1% level
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Table 5.4: Respondents’ Retirement Plans Pre- and Post-Seminar

Response Before Seminar After Seminar
35.2% of Respondents Changed Planned Retirement Age
Median Retirement Age 62 62
Mean Retirement Age 62.4 62.6
37.9% of Respondents Changed Planned Age to Start Receiving SS Benefits
Median Age SS Benefits Begin 65 65
Mean Age SS Benefits Begin 64.2 64.5
Plans for Working after Retirement
Expect to Work after Retiring 40.8% 50.8%
Have Not Decided on Working 36.1% 26.1%
after Retirement
Annuitization or Lump Sum Distributions
Planning to Annuitize Some 19.4% 26.7%
or all 401(k) Balance
Have Not Decided on Annuitization 56.7% 46.0%
of 401(k) Balance
Plan to Take Lump Sum 56.7% 46.0%
Distribution of Entire Balance 34.5% 31.1%
Have not Decided on Lump Sum 50.4% 48.7%
Notes: The sample is 840 respondents from the PARS data.
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Table 5.5: Changes in Planned Retirement Age Due to Changes in Respondent Knowl-
edge

Any Change Delay Earlier
(1) (2) (3)

Panel A:
Change in Aggregate Knowledge Score (0-10) 0.019∗∗ 0.017∗∗ 0.001

(0.009) (0.008) (0.006)
Panel B:
Public Program Eligibility (P1, P2, P6) 0.041∗∗ 0.030∗ 0.001

(0.017) (0.015) (0.011)
Public Program General (P3, P4, P5) −0.005 −0.003 −0.003

(0.017) (0.015) (0.010)
Financial Knowledge Score −0.009 0.024 −0.039∗∗

(0.034) (0.031) (0.020)
Company Specific Knowledge Score 0.043∗ 0.028 0.014

(0.024) (0.021) (0.014)
Panel C:
P1: Early Social Security eligibility −0.039 −0.039 −0.002

(0.033) (0.030) (0.022)
P2: Normal Social Security eligibility 0.071∗∗ 0.064∗∗ 0.007

(0.028) (0.025) (0.018)
P3: Benefit reduction at age 62 −0.053∗ −0.046∗ −0.009

(0.030) (0.027) (0.018)
P4: Permanence of benefit reduction 0.056 0.024 0.037∗

(0.036) (0.032) (0.022)
P5: Social Security indexation −0.004 0.020 −0.031∗

(0.029) (0.026) (0.017)
P6: Medicare eligibility 0.083∗∗∗ 0.058∗∗ 0.026

(0.029) (0.027) (0.019)
F1: Stock diversification and risk 0.020 0.053 −0.040

(0.051) (0.045) (0.035)
F2: Inflation and real income −0.036 0.003 −0.050

(0.009) (0.008) (0.006)
C1: Eligible for lump sum distribution 0.008 0.009 −0.006

(0.034) (0.030) (0.021)
C2: Retiree health insurance 0.070∗∗ 0.039 0.033

(0.033) (0.030) (0.021)
Notes: There are 840 observations from the PARS dataset. Coefficients are estimated from a probit
model and average marginal effects are presented. Each panel consists of three regressions with alterna-
tive dependent variables as follows: Column (1) probability of a change in retirement age; Column (2)
probability of a delay in expected retirement; Column (3) probability of earlier retirement. All regressions
include controls for age, gender, marital status, tenure, education, earnings, 401(k) account balance, and
company fixed effects. Robust standard errors are in parentheses. ∗∗∗indicates statistically significant at
the 1% level, ∗∗ indicates statistically significant at the 5% level, and ∗ indicates statistically significant
at the 10% level.
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Table 5.6: Changes Planned Age to Claim Social Security Due to Changes in Knowledge

Any Change Delay Earlier
(1) (2) (3)

Panel A:
Change in Aggregate Knowledge Score (0-10) 0.037∗∗∗ 0.021∗∗ 0.015∗∗

(0.010) (0.009) (0.007)
Panel B:
Public Program Eligibility (P1, P2, P6) 0.078∗∗∗ 0.041∗∗ 0.038∗∗∗

(0.019) (0.017) (0.014)
Public Program General (P3, P4, P5) 0.014 0.018 −0.004

(0.019) (0.017) (0.012)
Financial Knowledge Score −0.020 −0.030 0.008

(0.036) (0.031) (0.027)
Company Specific Knowledge Score 0.033 0.017 0.014

(0.025) (0.023) (0.016)
Panel C:
P1: Early Social Security eligibility −0.012 −0.039 0.028

(0.036) (0.033) (0.026)
P2: Normal Social Security eligibility 0.151∗∗∗ 0.122∗∗∗ 0.031

(0.032) (0.028) (0.025)
P3: Benefit reduction at age 62 0.020 −0.019 0.038∗

(0.033) (0.030 (0.021)
P4: Permanence of benefit reduction 0.017 0.035 −0.024

(0.039) (0.036) (0.026)
P5: Social Security indexation 0.010 0.040 −0.025

(0.032) (0.028) (0.022)
P6: Medicare eligibility 0.075∗∗ 0.024 0.050∗

(0.034) (0.030) (0.026)
F1: Stock diversification and risk 0.010 −0.029 0.039

(0.055) (0.053) (0.039)
F2: Inflation and real income −0.025 −0.016 −0.008

(0.053) (0.048) (0.036)
C1: Eligible for lump sum distribution 0.033 0.013 0.019

(0.037) (0.033) (0.024)
C2: Retiree health insurance 0.024 0.013 0.008

(0.037) (0.033) (0.025)
There are 770 observations from the PARS dataset. Coefficients are estimated from a probit model and average marginal
effects are presented. Each panel consists of three regressions with alternative dependent variables. Column (1) probability
of a change in planned age to accept Social Security benefits age, Column (2) probability of a delay planned age to
accept Social Security benefits, and Column (3) probability of earlier planned age to accept Social Security benefits.
All regressions include controls for age, gender, marital status, tenure, education, earnings, 401(k) account balance, and
company fixed effects. Robust standard errors are in parentheses. ∗∗∗indicates statistically significant at the 1% level, ∗∗

indicates statistically significant at the 5% level, and ∗ indicates statistically significant at the 10% level.
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Chapter 6

Conclusions

In this dissertation, I explore two separate topics: the economics of tobacco harm reduc-

tion and the economics of retirement related decision-making. The overarching theme is

the role of information in decision-making. Information, and in some cases disinforma-

tion, can have a profound affect on individual behavior. In order to evaluate the effect

of information on decision making, I investigate policies which are both far reaching and

effect many individuals and others are much more small scale in nature and impact only

employees at a specific firm.

The validity of a harm reduction approach to smoking cessation is dependant upon in-

formation regarding the risk associated with alternative products as well as the incentives

created by these alternatives. In Chapter two, I explore the link between oral tobacco

use and oral cancer. Previous findings that linked oral tobacco use to oral cancer did not

control for differences in an individual’s risk behavior profile or account for oral HPV

infection. This is problematic because tobacco users differ from non-users in meaningful

ways which may influence individual health. If information regarding an individual’s risky

health behavior is not taken into account, the estimates of the relationship between oral
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tobacco and oral cancer are biased. Since risky health behaviors are correlated, account-

ing only for tobacco use allows tobacco to proxy for a whole host of variables which may

each individually affect health. By including a more complete set of controls, I find that

the estimated causal effect of oral tobacco use on oral cancer is significantly diminished.

An accurate assessment of the health risks of oral tobacco use is important since oral

tobacco may be used as a substitute for cigarette smoking. If consumers are provided

with accurate information about the harm associated with oral tobacco use, consumer

welfare gains are possible. Smokers who are unwilling or unable to quit, may elect to sub-

stitute oral tobacco for cigarettes. This would be welfare enhancing as the health risks

associated with oral tobacco appear to be significantly less than those due to smoking.

Public policy that accounts for these differences and considers strategies to address nico-

tine dependence (instead of focusing on complete abstinence) may better achieve stated

health goals of reducing the smoking rate.

In Chapter 3, I explore the effects of a harm reduction approach to smoking cessa-

tion. Accurate information regarding the effects of policies is crucial in drafting effective

regulations. By limiting access to oral tobacco products in Finland, public health officials

likely believed they would reduce nicotine addiction and achieve lower overall smoking

rates. However, if smokers used oral tobacco as a means to quit smoking or if potential

oral tobacco users take up smoking when snus is not available, removing this alternative

will lead to an increase in the smoking rate, relative to what it would have been in the

absence of a change.

To evaluate a harm reduction approach to smoking cessation, I exploited a quasi-

natural experiment. When Finland joined the EU in 1995, it was subject to a pre-existing

ban on oral tobacco products. The results I present show that limiting the availability

of snus, a less harmful alternative to cigarettes, resulted in a reduction in the decline of

146



smoking. My findings suggest that access to a less harmful alternative to smoking acts

as an effective aid in smoking cessation as it is an alternative product for those wishing

to consumer tobacco in a less harmful way.

In Chapter Four I explore the effect of a simple informational intervention on employee

retirement saving behavior. There are many reasons why workers fail to participate in

employer sponsored retirement programs. It may be that individuals determine that their

resources are better directed toward paying down debt or saving for a large purchase (i.e.

home or car). Or it may simply be due to transaction costs or inertia–an individual may

plan to enroll, but simply does not get around to it. If, however, it is because these

employees fail to appreciate the full range of benefits from participation, a simple in-

formational intervention may be useful. Based on the results of our survey, we found

that many employees did not fully understand the benefits of the employer’s matching

contribution. To address this, we developed a simple flyer that highlighted the value of

employee contributions in conjunction with the employer match in accumulating wealth

over a 40-year period of time.

We found that this simple tool was effective in increasing participation among younger

workers. However, older workers receiving the intervention were significantly less likely

to participate, which is likely due to the design of the flyer which framed the benefit of

participation as being achieved over a long period of time. This highlights the importance

of tailoring material for the target audience.

In Chapter Five, I explore the effect of information on the financial literacy of older

employees attending pre-retirement seminars and how this information affects retirement

plans. By surveying attendees prior to and after their attendance of an employer spon-

sored retirement seminar, we evaluate learning that occurred as a result. We find that

employees learn and that this learning translates directly into changes in their retirement

147



plans. Over a third of the workers included in the sample report a different planned re-

tirement age and planned social security claiming age after attending the seminar. This

shows that information delivered over a relatively short period of time and delivered at

the end of an employee’s working career can result in significant changes in their retire-

ment plans. As the choices that an individual has to make at the end of his career are of

critical importance, the results highlight the powerful role of information on improving

employee retirement readiness.

The results presented in this thesis highlight the role of information in decision mak-

ing. Governmental agencies decide which policies and practices to implement or recom-

mend based on the information at their disposal. As these decisions can have far reaching

implications, quality information is crucial. At the individual level, better informed de-

cision makers have the ability to make choices which maximize their utility. Providing

information can prove an effective tool in spurring action and ensuring optimal election

when faced with important choices.
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Appendix A

Representativeness of Survey
Respondents (Chapter 4)

Appendix Table A.1 demonstrates that the survey is not necessarily representative of
all newly hired workers. Respondents are significantly more likely to be participating in
the 401(k) plan, are more likely to be male, are slightly older, and tend to have higher
salaries. Note that the employees given the survey are not the same as those represented
in the administrative data with the exception of the workers hired in December 2010.
Therefore, a direct comparison is not possible.

[Table A.1]
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Table A.1: Representativeness of Survey Respondents

Administrative Administrative
Survey Data on all New Data on New Hires

Hires within 60 Days
Dec 2010- Jan 2008- Nov 2010-

Date of Hire May 2011 Dec 2010 Dec 2010
Participant 64.9% 49.0% 28.4%
Female 58.3% 65.8% 67.2%
Age 36.5 34.7 34.2
Salary:
Less than 25,000 21.0% 28.1% 45.1%
25,000 - 49,999 38.9% 42.8% 33.4%
50,000-74,999 14.6% 12.7% 10.0%
75,000-99,999 12.6% 7.5% 4.8%
100,000+ 12.9% 8.9% 6.6%
Observations 336 7, 218 557
Notes: The first column presents the means and sample percentages for those indi-
viduals who responded to the survey. The second column presents statistics from
administrative on all new hires from 2008-2010. The third column presents statistics
from administrative data for those that were hired within the last 60 days of 2010.
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Appendix B

Knowledge Questions (Chapter 4)

Below is a list of the knowledge questions and potential answers, with the correct answer
in bold.1

Interest Rate: If you have savings in the amount of $100 in the bank and the inter-
est rate is 2%, how much will you have in your savings account after 5 years? Answers:
(a) More than $102 (b) 102(c)Lessthan102 (d) Do not know

Inflation: If the current interest rate on your bank deposit is 1% per year and the
inflation rate is 2% per year, how much do you think you will be able to buy with your
money a year from now? Answers: (a) A larger amount than you can buy now (b) Exactly
the same as you can buy now (c) A smaller amount than you can buy now (d) Do
not know

Investment: Do you think the following statement is true or false? “Buying a single
company stock usually provides a safer return than a diversified portfolio.” Answers: (a)
True (b) False (c) Do not know

Tax Advantage: Assume you are in the 25 percent tax bracket (you pay $0.25 in
tax for each dollar earned) and you contribute $100 pretax to the 401(k) plan. Your take
home pay (what is in your pay check after all taxes and other payments are taken out)
will: Answers: (a) Decline by $100 (b) Decline by $75 (c) Decline by $50 (d) Remain
the same (e) Do not know

401(k) Employer Match: Assume that your employer matches your contribution
one dollar for each dollar you contribute to the 401(k) plan. If you contribute $100 to the
401(k) plan, your account balance in the plan, including your contribution, will: Answers:

1The first three questions were developed by Lusardi and Mitchell (2011).
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(a) Increase by $50 (b) Increase by $100 (c) Increase by $200 (d) Remain the same
(e) Do not know
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Appendix C

Randomization in Intervention
Group Assignments (Chapter 4)

Employees that were hired during 2008–2010 that were not participating in the 401(k)
plan as of February 28, 2011 were randomly assigned to three groups:
(1) Intervention Version 1 (flyer including peer participation statement)
(2) Intervention Version 2 (basic flyer, no peer information)
(3) Control (group 3)

To verify that the randomization was done properly, the group means for age, gender,
year of hire, and salary are evaluated to ensure that each group is representative of the
entire sample of non-participants. Due to limited access to computers at work, a small
subset of workers in the “intervention” samples were sent the flyer via interoffice mail
instead of via email. The delivery method was not randomized, since it was only those
without regular access to computers for work that received the hard copy version.

Appendix Table C.1 shows the means are nearly identical across the randomized treat-
ment and control groups, as intended by study design. We also see that those terminated
during the sample period were more likely to be lower paid employees and those that
were more recently hired. Appendix Table D.1 demonstrates that there was little differ-
ence between the effects of the two versions of the flyer. Therefore, we do not find any
evidence of a differential “peer effect” from providing information about peer behavior.

[Table C.1]
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Table C.1: Randomization and Delivery Method

Randomization (Full Data)
Group 1 Group 2 Group 3

Intervention Intervention Control
Age 34.7 34.7 34.5
Age 18-44 80.0% 80.5% 80.7%
Age 45+ 20.0% 19.5% 19.3%
Female 72.3% 72.9% 75.1%
Tenure (in Months) 16.9 16.9 16.7
Salary 34, 556 34, 149 33, 941
Observations 1, 370 1, 371 1, 370

Randomization (Final Sample)
Group 1 Group 2 Group 3

Intervention Intervention Control
Age 35.1 34.9 34.6
Age 18-44 79.2% 80.0% 80.3%
Age 45+ 20.8% 20.0% 19.7%
Female 71.6% 72.8% 75.3%
Tenure (in Months) 16.9 17.1 16.6
Salary 36, 048 35.567 34, 837
Observations 1, 216 1, 223 1, 245

Delivery Method (not randomized)
Email Interoffice

Mail
Age 36.1 32.0
Age 18-44 77.4% 85.7%
Age 45+ 22.6% 14.3%
Female 67.7% 84.6%
Tenure (in Months) 17.7 15.0
Salary 42, 971 21, 594
Observations 1, 789 650
Notes: The full data includes all employees hired in 2008-2010 that were not partic-
ipating in the 401(k) plan as of February 2011. The “final sample” excludes those
that left employment and individuals in the treatment group for which the delivery
method is unknown. Age refers to age at April 2011, the date of intervention. Forty-
five observations had missing information on delivery method, so were excluded.
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Appendix D

LFI Intervention Effects by Version
of Flyer (Chapter 4)
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Table D.1: LFI Intervention Effects by Version of Flyer

Full Ages Ages Full Ages Ages
Sample 18-44 45+ Sample 18-44 45+
(1) (2) (3) (4) (5) (6)

Intervention 0.012 0.030∗ −0.042∗

(Version 1) (0.011) (0.013) (0.018)
Intervention 0.011 0.027∗ −0.038∗

(Version 2) (0.011) (0.013) (0.018)
Intervention 0.011 0.027∗ −0.048∗

(Email) (0.009) (0.011) (0.020)
Intervention 0.013 0.028 −0.027
(Interoffice Mail) (0.020) (0.049) (0.028) (0.014) (0.017) (0.022)
Tenure −0.001 −0.001 −0.00004 −0.001 −0.001 −0.00001
(in Months) (0.001) (0.001) (0.002) (0.001) (0.001) (0.002)
Newly Match- 0.092∗∗∗ 0.094∗ 0.096∗ 0.092∗∗∗ 0.094∗∗∗ 0.096∗

Eligible (0.020) (0.022) (0.045) (0.020) (0.022) (0.045)
Match-Eligible 0.014 0.019 −0.006 0.014 0.020 −0.0007
Before (0.017) (0.020) (0.035) (0.017) (0.020) (0.035)
Female −0.010 −0.014 −0.006 −0.010 −0.014 −0.007

(0.010) (0.011) (0.022) (0.010) (0.011) (0.022)
Salary (10K) 0.002∗ 0.002 0.002 0.002∗ 0.002 0.002

(0.001) (0.001) (0.002 (0.001) (0.001) (0.002)
Age 18-24 −0.009 −0.010

(0.010) (0.010)
Age 35-44 −0.023∗ −0.023∗

(0.010) (0.001)
Age 45+ −0.012 −0.012

(0.010) (0.010)
Observations 3, 684 2, 941 743 3, 684 2, 941 743
Notes: Specification and sample is identical to that presented in Table 7, except here we distinguish
between the types of flyer or the delivery method. In columns (1) - (3) we include two variables indicating
the type of intervention sent. In columns (4) - (6) we include two variables indicating the delivery method
of the intervention. The ‘match-eligible before’ group consists of workers that were eligible for the match
as of February 2011, while ‘newly match-eligible’ refers to the group that became eligible for the match
over the study period (the base category is ‘not yet eligible’ for the match). Age refers to age at April
2011, the date of intervention. Age refers to age at April 2011, the date of intervention. Standard errors
are in parentheses, ∗ p < 0.05,∗∗ p < 0.01, ∗∗∗ p < 0.001
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Appendix E

Intervention Material (Chapter 4)
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Figure E.1: Flyer Sent to LFI Non-Participants

Are you leaving money on the table? 

 

 

 

A LITTLE MONEY SAVED TODAY GOES A LONG WAY IN 

RETIREMENT 

 

LFI offers a 100% match on the first 6% of income saved in your 401(k) account, plus 

you get all the tax savings!
1
  Even a simple change – such as bringing a bagged lunch to 

work a few times a month – can make a big difference.   

 

The following examples show how small sacrifices today can have a big impact on your 

retirement income. 
 

 Unit Price Per Year Amount per year plus 
100% Employer Match2 

Total If Invested in 
Plan for 40 Years3 

1 specialty coffee per day $2.50 $912.50 $1,825.00 $863,158 

1 movie per week  $8.50 $443.25 $886.50 $419,248 

1 candy bar per day $0.55 $200.75 $401.50 $189,895 

 

To Enroll:  The Learning Center at eBenefitsNow.com contains the LFI 401(k) Savings 

Plan Participant Guide. The LFI 401(k) Savings Plan Participant Guide provides Plan 

Highlights, Investment Information, and Enrollment Instructions. You can also enroll by 

accessing the Plan’s website directly at: http://www.-.com/plantrac.  
 
 
 

                                                             
1
 Employees are eligible for the employer match after 1 year of service.  Contributions to 401(k) plans come from pre-tax income 

and the interest on 401(k) balances is exempt from taxes. 
2
 Assumes 100% employer match. 

3
 Assumes 4% annual price inflation, deposits to plan at the end of each month and 8% average annual returns, no taxes apply.  

Join the 68% of LFI employees who are 

already contributing to their 401(k) plan 
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Appendix F

Construction of PARS Dataset
(Chapter 5)
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Table F.1: Construction of PARS Dataset

Employer- Total Born Valid Planned Valid Knowledge
Partner 1943-1959 Retirement Age Score

A Seminars 31
Attendees 500∗

PARS 472 430 367 351
B Seminars 4

Attendees 130
PARS 71 71 69 66

C Seminars 27
Attendees 333

PARS 294 277 166 156
D Seminars 12

Attendees 281
PARS 165 155 109 105

E Seminars 7
Attendees 314

PARS 179 169 163 162
Total Seminars 85

Attendees 1,558∗

PARS 1,181∗ 1,102 874 840+

Notes: Samples by column are defined as follows. The column “Born 1943-1959” includes observations
with valid age, gender, tenure, and education responses. “Number with planned retirement age,” restricts
the sample to respondents that provided a valid planned retirement age on both survey 1 and 2, and whose
reported planned retirement age was older than the respondents current age. The final column “Number
with knowledge score” further restricts the sample and includes only responses where the respondents
answered at least 5 knowledge score questions out of a total of 10 questions, for both surveys 1 and 2.
∗We were not able to obtain an exact count of seminar attendees for several of the employer A seminars.
The estimated number of attendees reported here is based on discussions with seminar leaders and from
projecting the response rate for seminars where attendance was reported. +998 respondents had valid
knowledge scores, but after restricting to those which also had valid retirement ages in surveys 1 and 2,
the count dropped to 840.
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Appendix G

Descriptive Statistics and HRS
Sample Comparison (Chapter 5)
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Table G.1: Descriptive Statistics and HRS Sample Comparison

PARS Health and Retirement Study
Full Aged 50-70 Aged 50-70

Sample Currently Currently
Employed Employed,

Has Pension
Age 57.8 66.6 59.8 59.2
Male 54.1% 44.2% 46.2% 43.3%
Married 76.3% 60.6% 64.7% 63.4%
Widowed 2.5% 15.9% 4.1% 1.7%
Years of Service 24.7 11.7 11.9 12.8
Some College 84.2% 20.1% 27.8% 31.4%
Own Home 92.9% 83.8% 87.0% 88.0%
Years from Planned 4.6 6.9 7.2 7.0
Retirement (Before)
Wealth and Earnings
Variables:
Earnings–Medium 43.6% 10.7% 2.3% 34.7%
($50K-$100K)
Earnings–High 31.4% 2.8% 5.6% 9.5%
($100K+)
Financial Literacy
Variables:
Stock Risk 84.4% 59.2% 66.6% 69.1%
Inflation 82.4% 79.8% 83.6% 85.5%
Observations 840 1,077 314 161
Source: 2008 RAND HRS Data File. Financial literacy questions were asked in
2004 financial planning module. The table presents the mean values for participant
response for those that participated in the HRS 2008 survey for comparison to
the PARS sample. Some rows vary in sample size due to missing data. Survey
weights were used to account for complex survey design. RAND Data File Citation:
RAND HRS Data, Version L. Produced by the RAND Center for the Study of
Aging, with funding from the National Institute on Aging and the Social Security
Administration. Santa Monica, CA (December 2011).
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