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CHAPTER I 

INTRODUCTION 

Households are required to make a variety of decisions in pursuit of their 

retirement goals. These decisions are often complex and require the estimation and input 

of multiple factors when analyzing alternatives. Complexity and uncertainty have been 

found to lead to behavioral biases and a dependence on heuristics when making 

decisions. These deficiencies create a failure to incorporate valuable information, an 

overreliance on recent events, and inaccurate estimations of future outcomes (Kahneman 

& Tversky, 1972; DeBondt, 1993; Sirri & Tufano, 1998). When these factors are 

combined with widespread low levels of financial sophistication and declining cognition 

the result is often behavior that is contradictory to rational expectations and detrimental 

to lifetime wealth and utility (Lusardi & Mitchell, 2007; Agarwal, Driscoll, Gabaix, & 

Laibson, 2008).  

Households are bound at a variety of levels by the limitations described above. 

Sophisticated households and those with higher levels of cognitive ability are more likely 

to participate in financial markets, enjoy higher returns on investments, and greater levels 

of wealth (Cole & Shastry, 2009; Christelis, Jappelli, & Padula, 2010; Korniotis & 

Kumar, 2011). Those with less sophistication and cognitive ability may fail to understand 

complex financial products, have less consistent preferences, and be more likely to 

engage in behavior that is inconsistent and detrimental to long-term goals and overall 

well-being (Gustman, Steinmeier, & Tabatabai, 2010; Benjamin, Brown, & Shapiro, 

2005; Frederick, 2005; Dohmen, Falk, Huffman, & Sunde, 2007). 
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Given the variation in levels of financial sophistication and cognitive ability, we 

seek to evaluate how households make decisions in the face of market complexity, and in 

some cases how these decisions affect financial outcomes. Using the Health and 

Retirement Study (HRS) we give special focus to the decisions and behavior of older 

households. We look specifically at the impact of financial sophistication on individuals’ 

ability to accurately value life annuities, how cognitive ability is related to stock 

reallocations during the great recession, and how cognitive ability relates to the asset 

decumulation decisions of retirees. 

Description of Studies 
 

In each essay of the dissertation we are interested in understanding how financial 

sophistication or cognitive ability relates to problems faced by older households when 

managing their retirement assets. After controlling for rational and behavioral valuation 

factors, the first study measures the impact of financial sophistication on the likelihood of 

being able to accurately value a hypothetical life annuity. In the second study we focus 

specifically on how cognitive ability affects stock reallocation decisions during the great 

recession, an event that likely heightens investors’ susceptibility to behavioral biases such 

as loss aversion. The third study considers the impact of cognitive ability on the asset 

decumulation decisions of retired households. After determining the relationship between 

cognitive ability and asset decumulation, we consider how different levels of cognitive 

ability affect the estimation and use of life-cycle factors when making decumulation 

decisions. 
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Data for each essay is obtained from the Health and Retirement Study (HRS). The 

HRS is a nationally representative longitudinal data set of Americans age 50 and older. It 

has been administered by the University of Michigan on a biennial basis since 1992 and 

is supported by the National Institute on Aging and the Social Security Administration. 

The core survey gathers information on respondents’ health, financial status, labor market 

participation, and other retirement related issues. In addition to the core, the HRS collects 

unique data in each wave that is relevant to the well-being of older households. This data 

is located in the modules section of the survey. Data on annuitization from the 2008 

modules is the focus of the first study. 

In the first essay we look at consumers’ ability to accurately value life annuity 

products. Using data from the 2008 Health and Retirement Study, we investigate the 

value respondents place on a hypothetical $500 monthly life annuity payment at age 65. 

We test factors theoretically related to annuity valuation, while also modeled the impact 

of financial sophistication on respondents’ ability to estimate annuity value. We find that 

few are able to accurately value the life annuity and fail to observe a significant 

relationship between financial sophistication and accurate valuations. This, in 

combination with inconsistencies between preferences and valuations, leads us to 

conclude that there is a lack of understanding surrounding complex annuity products that 

may be contributing to low levels of demand in private markets. The intended journal for 

the first essay is the Journal of Financial Counseling and Planning.  

The second essay evaluates the stock reallocation decisions of older investors 

during the great recession. After controlling for recent returns and respondents’ 
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willingness and ability to take risk, we focus specifically on how cognitive ability 

influences stock reallocation decisions. Measuring the influence of older investors’ 

cognitive ability on stock reallocation decisions is of interest because of the impact of 

aging on cognitive ability and evidence suggesting that the quality of financial decisions 

decreases beyond age 55. When considering cognitive ability we look at the fluid ability 

of respondents. We find that cognitive ability is negatively and significantly related to 

allocations away from stock during the great recession. Such reallocations may be costly 

to older investors who fail to re-enter the equity market and participate in its recovery. 

The intended journal for the second essay is the Journal of Family and Economic Issues. 

The third essay investigates the impact of cognitive ability on the asset 

decumulation decisions of retirees. When measuring cognitive ability we look 

specifically at the fluid ability of retirees, as fluid ability has been found to have a strong 

negative relationship with age. After controlling for life-cycle factors we establish that 

cognitive ability is significantly and positively related to the rate of asset decumulation. 

After this relationship is established we test to see if the level of cognitive ability affects 

the estimation and use of life-cycle factors when making decumulation decisions. When 

looking at both word recall and numeracy our results reveal that increased life expectancy 

is more strongly associated with decreased consumption in the low groups, that high 

expected medical costs lead to higher rates of decumulation among the low groups, and 

that the low groups decumulate at a slower rate in the presence of pre-existing 

annuitization. Our findings in combination indicate that those with higher levels of 

cognitive ability are better able to identify and integrate the characteristics of multiple 
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life-cycle factors when making asset decumulation decisions. The intended journal for the 

third essay is the Journal of Consumer Affairs. 
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CHAPTER II 
 

RATIONAL CHOICE WITH COMPLEX PRODUCTS: CONSUMER 
VALUATION OF ANNUITIES 

 
Introduction 

A major concern for individuals entering retirement is managing longevity risk, 

the risk of outliving one’s resources. Because lifespans are uncertain, a consumer is 

exposed to the risk of outliving their retirement savings. The life annuity eliminates 

income uncertainty and provides stable consumption by paying the consumer a regular 

income until death in exchange for a lump sum of money. The primary benefit of 

annuitization is the ability to transfer longevity risk to an institution, such as an insurance 

company, pension, or government at a reasonable cost. Because life annuities provide 

significant benefits to retirees, the lack of demand for life annuities is a puzzle that is not 

well understood. It has been hypothesized that some combination of ambiguity aversion, 

the desire to leave inheritances, and liquidity needs reduce annuity demand. However, a 

life annuity is a complex financial product unfamiliar to many consumers. The inability 

to assess the value of a life annuity with any reasonable degree of accuracy requires 

numeracy skills and financial knowledge that may be beyond the reach of an average 

individual investor. 

Using data from the 2008 Health and Retirement Study, we investigate the value 

respondents place on a hypothetical $500 monthly life annuity payment at age 65. In 

addition to testing factors theoretically related to annuity valuation when investors have 

full information, the current study models the impact of financial sophistication on the 

ability to reasonably estimate the value of a hypothetical life annuity. Results from this 
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study provide evidence that the majority of respondents are not able to come close to a 

reasonable estimate of annuity value.  

Literature Review 

Benefits of Annuitization 

Longevity risk prevents individuals with uncertain lifespans from optimally 

decumulating assets during retirement. If an individual chooses an aggressive 

consumption path they face the risk of significant drops in consumption as they age, 

while consuming too conservatively can lead to unintended bequests and decreased 

lifetime utility from wealth (Brown, 2007). Life annuities decrease longevity risk by 

converting a lump sum into a stream of income that is guaranteed for the remainder of an 

annuitant’s life (Ibbotson et al., 2007). Because mortality risk, the risk of death at a given 

point in time, is largely uncorrelated across individuals, annuity providers can pool the 

mortality risk of participants and use the resources of those that exit the risk pool 

prematurely to pay mortality premiums to survivors (Brown, 2008). Such premiums 

allow survivors in the risk pool to earn superior investment returns, leading to higher 

levels of sustainable lifetime consumption through annutization than what is achievable 

through other asset decumulation strategies (Brown, 2007). Evidence of this can be seen 

in Brown (2004) where the amount of annual income available from life annuities 

dominates that available from other draw-down strategies. 

Economic theory suggests that annuitization will increase lifetime utility 

regardless of how long an individual lives by increasing income certainty and lifetime 

consumption while eliminating the risk of running out of money in old age (Brown, 

Casey, & Mitchell, 2007). Risk-averse individuals should hold a significant portion of 
8 

 



Texas Tech University, Christopher Browning, December 2013 
 

their retirement portfolio in annuitized assets. Assuming complete markets, Yaari (1965) 

shows that, for individuals without a bequest motive, the optimal level of portfolio 

annuitization is 100%. Even if markets are sufficiently incomplete, causing a substantial 

mismatch between an individual’s optimal consumption path and the income stream 

available from annuities, a large portion of the retirement portfolio should still be 

annuitized (Davidoff, Brown, & Diamond, 2005). Few voluntarily purchase annuities in 

the private market despite their substantial normative value to retirees (Brown, 2007). 

Johnson, Burman, and Kobes (2004) show that only 4% of those leaving their job after 

age 55 annuitize a portion of their retirement portfolio and only 10% leaving their job 

after age 65 annuitize. 

The Impact of Financial Sophistication 

Consumers are assumed to make rational saving and spending decisions in order 

to maximize utility from consumption over their lifetime. Assessing the value of 

annuitization requires the ability to sum expected utility from consumption in each year 

of retirement discounted to a present value and multiplied by the probability of survival 

from their current age to their oldest possible age. Consumption and savings in each 

period are determined by labor income and the return on assets while the individual is 

working and by Social Security benefits, pension benefits and return on assets for each 

period in retirement (Ando & Modigliani, 1963). Accurate valuation assumes that 

consumers have reasonable expectations about survival probabilities, discount rates, 

investment returns, earnings, Social Security benefits, and pension benefits.  
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A life annuity provides an income stream until death that is roughly equal to the 

present value of a monthly income flow discounted at the rate of return of a safe 

investment for a length of time equal to median longevity. A knowledgeable consumer 

will value this stream using a subjective valuation of their longevity and an appropriate 

market discount rate. For example, a 65-year old American woman has a life expectancy 

of 20 years (CDC, 2010). The value of a $500 monthly annuity is the present value of the 

monthly flow discounted for the expected longevity period. At a very conservative 

discount rate of 2%, the value will be $98,837. Most private annuity providers use a 

higher interest rate. For example, TIAA-CREF uses 4% (2010). At a 4% rate, the present 

value of the annuity is $82,511. An individual could roughly estimate an annuity value by 

multiplying the $500 monthly value by 12 to come up with an annual annuity payment of 

$6,000, multiply by expected longevity, then discount this amount to account for a 

positive rate of interest or time preference. This set of skills – the ability to multiply by 

12, estimate and multiply by expected longevity, then apply an appropriate rate of 

discounting – requires significant mathematical ability and the financial sophistication to 

understand the salient components of an annuity product.  

The difficulty in assessing valuation may affect consumer willingness to pay for 

annuities despite their considerable advantages in retirement. It is clear from the above 

example that substantial financial sophistication is needed to make optimal annuitization 

decisions (Brown 2008). Even if consumers have some financial skill and knowledge, it 

may not transfer to complex and unfamiliar annuity markets. An inability to estimate the 

value of an annuity with any degree of accuracy may be an important contributor to 
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reduced demand for annuities. Understanding which consumers are able to make a 

reasonable estimate of annuity valuation will provide insight that can be used to improve 

knowledge and disclosure to enhance product choice. 

Factors Influencing Annuity Valuation  

Annuity valuation, or the ability of an individual to reasonably estimate the dollar 

value of an annuity product, is hypothesized to be influenced by an individual's level of 

financial sophistication. The motivation for purchasing annuity products may stem from a 

variety of rational and/or behavioral factors that need to be controlled for to better isolate 

the impact that financial sophistication has on annuity valuation.  

Financial Sophistication 

General financial knowledge and numeracy skills can be used to indicate an 

individual's level of financial sophistication. It is hypothesized that, after controlling for 

rational and behavioral valuation factors, higher levels of sophistication will result in 

more accurate annuity valuations.  

Rational Valuation Factors 

Standard economic models indicate a number of factors that may rationally 

influence the value individuals place on annuitization. Pre-existing annuitization in the 

form of Social Security and defined benefit pension plans may serve to decrease the value 

of additional annuitization (Brown, 2007; Dushi & Webb, 2004; Pashchenko, 2009). This 

is especially true for low-income individuals and those that hold a significant portion of 

their unannuitized wealth in illiquid assets (Pashchenko 2009). Theoretically, we would 

expect that lower income individuals (or those with pensions and high illiquid asset 

holders) would have less interest in annuity products. However, it has been shown that 
11 
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the shrinking existence of defined benefit pension plans has not increased the demand for 

annuities (Hu & Scott, 2007).  

Bequest motives, or one’s desire to leave an inheritance, may also decrease the 

value individuals place on annuitization (Bernheim, 1987; Lockwood, 2009; Pashchenko, 

2009). The expense of an annuity effectively depletes wealth in order to provide life 

income, reducing the amount of assets that can be transferred through bequests. However, 

the uncertainty of the lifespan creates uncertainty in the value of the bequest. Without 

annuitization, bequests are random in both size and time and those who are risk averse to 

the size of the bequest benefit from at least partial annuitization (Davidoff et al., 2005). 

This increase in bequest certainty through annuitization may, however, be less salient 

than the immediate drop in heritable wealth that occurs when a consumer buys an 

annuity.  

Another characteristic that may decrease annuity valuation is illiquidity. In most 

cases, the future value of a life annuity product cannot be borrowed against, nor can its 

payment stream be altered (Brown, 2007). Health shocks are often considered a potential 

concern as they are uncertain, impossible to fully insure against, and can be quite 

expensive (Brown, 2007). Sinclair and Smetters (2004) and Turra and Mitchell (2005) 

found that health shocks may shorten life expectancy, causing the value of annuitization 

to decrease as the need for cash increases. Brown, Casey, and Mitchell (2007) found that 

those with poor health are more likely to prefer lump-sum payments. However, the 

uncertainty of medical costs may increase the values individuals place on annuitization as 

there is a positive relationship between age and medical costs, causing longevity 
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insurance and insurance against medical uncertainty to become complements. 

(Pashchenko, 2009).  

Behavioral Valuation Factors 

Because rational limitations on valuation are not sufficient to explain why so few 

annuitize, many have begun to explore the impact of behavioral factors on limited 

demand. Framing can influence the value individuals place on the decision to annuitize. 

Concern that they will not live long enough to recoup their principal in an annuity 

investment leads some consumers to frame annuities as a gamble (Hu & Scott, 2007). 

This is because many consumers mistakenly view the insurance purchase as a failure if 

they do not receive a payout from the insurance company equal to the cost of the 

insurance. Such narrow framing fails to consider annuities in the context of overall 

portfolio optimization, which requires consumers to weigh a variety of possible outcomes 

and available investment instruments (Brown, 2007). Individual levels of loss aversion 

may also impact how annuity decisions are framed. If one believes that they will outlive 

their resources, they will place a high value on annuities. Conversely, if one believes that 

they will die before recouping their capital investment in an annuity they will value 

annuities less (Agnew et al., 2008).  

The impact of time preference on the decision to annuitize has also been 

considered. An individual’s time preference is a measure of how much weight an 

individual gives to well-being in the future, or the discount rate one places on future 

consumption. An individual’s subjective discount rate can be significantly altered by their 

perceived probability of survival. Those who believe they will die young may exhibit a 
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high rate of time discounting and seek to shift consumption from future periods to current 

periods, placing little value on annuitization (Sheshinski, 2009). There is also evidence 

that individuals may be hyperbolic discounters and have inconsistent time preferences. 

Hyperbolic consumers appear to be very present oriented in short-run decisions and more 

future oriented when making decisions that have long-run consequences (Laibson, 1997). 

Recognition of a tendency to compromise long-run goals by yielding to short-run 

temptation leads to the use of commitment devices that constrain short-run behaviors. 

Hyperbolics who recognize their self-control problem may value annuities as a 

commitment device that prevents overspending in current periods, while those with less 

insight will place lower values on annuitization since they prefer to spend more in the 

present (Brown, 2008). 

Methods 

Data 

 The current study uses the Health and Retirement Study (HRS) to model life 

annuity valuation. The HRS, a nationally representative longitudinal data set of 

Americans age 50 and older, has been administered by the University of Michigan on a 

biennial basis since 1992 and is supported by the National Institute on Aging and the 

Social Security Administration. In addition to the core survey that gathers information on 

respondents’ health, financial status, labor force participation, and retirement planning 

methods, the 2008 survey offers a unique module on annuitization. The data gathered 

within this module is the primary focus of this study.  
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Sample 

 The sample consists of 681 individuals and is drawn from an experimental 

module on annuitization in the 2008 HRS. The data is first censored to include only those 

respondents within the module who are financial respondents. The financial respondent is 

the member in the household that is responsible for making household financial 

decisions. Once the sample is limited solely to financial respondents, the data is further 

censored to include only those who provide complete responses to the questions used to 

construct the variables in the analyses.  

Dependent Variable 

The question used to measure the value individuals assign to life annuity benefits 

is: 

Imagine you are 65 years old, and you are receiving $1,000 per month in Social 
Security benefits. Suppose you had a choice: either you could keep that $1,000 
monthly benefit for life, or you could exchange it for a monthly benefit half that size, 
$500 per month for life, plus you’d get a one-time, lump sum payment. What is the 
smallest lump-sum that you would be willing to accept in exchange for reducing your 
lifetime benefit by $500 per month? 

 
The life annuity valuation is modeled using two methods. The first is an ordinary 

least squares (OLS) regression to model the dollar value the respondent would accept to 

give up a $500 per month annuity payment at age 65. This OLS regression provides the 

valuation of the life annuity as the dependent variable regardless of its accuracy. To allow 

for comparison among those who provide reasonable estimates versus those who do not, 

the second method models whether the life annuity valuation response is low, rational, 

high or irrationally high in order to assess the characteristics associated with product 

knowledge. Because the dependent variable within the second method is categorical, a 
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multinomial logistic regression is used to model the likelihood of providing a reasonable 

(rational category) life annuity valuation.  

To determine the values that are appropriate for the rational category, the present 

value of an annuity calculation is used. The components of this calculation included a 

discount rate, life expectancy, future value, and payment. The purpose of the calculation 

is to estimate a lump-sum value that respondents should be willing to trade half of their 

lifetime $1,000 monthly benefit for, given their life expectancy and discount rates. 

Because everyone is assumed to be 65 when asked the question, we assume a life 

expectancy of 20 years in our calculations. This is based on the 2006 Period Life Table 

provided by the Social Security Administration. In this table, males at age 65 have a life 

expectancy of 17 years and females have a life expectancy of 19.72 years. The range of 

discount rates we use (from 2% to 8%) is based on expected returns from varying market 

investments. The 2% rate is based on the three month Treasury bill rate, considered to be 

the risk free rate, in 2008 and the 8% rate is based on the average return of the S&P 500 

from 1950 to 2008. The question asks respondents how much they would be willing to 

“accept in exchange for reducing your lifetime benefit by $500 per month,” which 

implies no inflation adjustment. However, the questions also linked this reduction to 

social security, which is inflation adjusted. The value of an inflation-indexed $500 

monthly payment to a 65-year old male is $106,000 (Schirripa, 2009). Since no 

respondents chose values more than $100,000 and less than $120,000, the range of 

rational valuations is set between $60,000, corresponding to a $500 monthly payment 

discounted at 8%, and $100,000, which corresponds with both a 2% discount rate without 
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inflation adjustment and a fair market price for an inflation-adjusted annuity payment. 

For specific calculation details on the upper and lower cutoffs for the rational valuation 

category see Appendix A.  

The low valuation category consists of responses ranging from $10 to $50,000. 

We consider these valuations low because they require a discount rate greater than 10%. 

For a respondent to estimate a value below $50,000 they would have to use a discount 

rate not justified by market returns, indicating that reasonable or rational expectations are 

not driving their estimate. Responses in the high valuation category range from $120,000 

to $450,000. A valuation of $120,000 assumes a 0% discount rate and is $14,000 above 

the market price of an inflation-adjusted annuity payment. To calculate this value, the 

respondent could simply multiply the $500 by 12 months and then by 20 years. The 

irrationally high category consists of valuations of $500,000 and above. Of the 681 

person sample, 282 individuals are in this category. These responses are considered 

irrational since an individual would have to have a life expectancy of approximately 148 

years, assuming a 0% discount rate, to be equivalent to the minimum valuation for this 

category. 

Independent Variables 

Financial Sophistication 

The financial sophistication variable is constructed using questions from the 

annuitization module concerning the risk and return characteristics of different market 

securities. The module asks respondents to rate the riskiness and expected return 

characteristics for a single stock, mutual fund, corporate bond, government bond, and 
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money market mutual fund on a scale of 1 to 5, with 1 being the least risky/lowest 

expected return and 5 being the most risky/highest expected return. With that 

information, we are able construct a set of five comparisons - three related to risk and two 

related to return. For example, one of the comparisons constructed asks respondents to 

rate the risk of a corporate bond in relation to that of a government bond. If the 

respondent indicates a lower level of risk for the government bond, we consider that to be 

a correct comparison and award them a point. We construct similar comparisons for the 

asset return questions. In addition to the risk and return comparisons, we also include a 

question that asks respondents which type of investment would most likely be held in a 

money market mutual fund – stocks, long-term bonds, or treasury bills. Those that choose 

treasury bills are awarded a point for a correct response. We use these variables to create 

an instrument for scoring the financial sophistication of each respondent, with possible 

scores ranging from 0 to 6. The score calculated for each respondent determines whether 

they are placed in the below average, average, or above average sophistication category. 

Those with scores of 2 or 3 are in the middle two quartiles of respondent scores and are 

placed in the average category, while those in the above average and below average 

categories had scores in the top and bottom quartiles, respectively.  

 A variable measuring the numeracy of each respondent is also included as a 

measure of financial sophistication. Brown et al. (2007) finds that simple division and 

compounding questions are positively correlated with increased annuity demand. The 

same questions used in their study were used to construct the numeracy variable. To 

construct this variable, responses to the following questions are considered. 
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If 5 people all have the winning numbers in the lottery and the prize is two million 
dollars, how much will each of them get? 
 
Let's say you have $200 in a savings account. The account earns 10% interest per 
year. How much would you have in the account at the end of two years? 
 

 Respondents who answer both questions incorrectly are considered to have no 

numeracy, those who answer one question correctly are considered to have some 

numeracy, and those who answer both questions correctly are considered to have full 

numeracy. 

Rational Valuation Factors  

The rational demand factors that may influence the life annuity valuation include 

an individual’s desire for income certainty, bequest motives, liquidity preferences, and 

the presence of pre-existing annuities. Income certainty is measured by the participant’s 

response to a question concerning their preference for regular monthly income during 

their retirement years, bequest motives are determined by responses to a question 

measuring the respondent’s desire to leave money to others at their death, and liquidity is 

measured by questions concerning the importance of having access to assets in times of 

medical need. The questions regarding income certainty, bequest motives, and liquidity 

constraints each have responses ranging from very important to not at all important. 

Respondents are considered to have a preference for the above items if they consider 

them to be very important. 

To measure the impact of pre-existing annuities a dummy variable is created and 

coded as 1 if the respondent has an existing annuity or an existing defined benefit plan, 

and 0 otherwise. 
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Behavioral Valuation Factors 

The variables used to test the impact of behavioral demand factors on the life 

annuity valuation are time preference, control, and framing. To estimate the effect of time 

preference, responses to questions regarding the expected timeframe for spending the 

lump-sum benefit are used. Respondents indicating that they would likely spend the 

entire lump sum over a one-year period are considered to have a high time preference. 

Conversely, respondents indicating that they would spend the lump sum payout gradually 

over the remainder of their lifespan are considered to have a low time preference. 

Preferences for control are measured by considering participants’ responses to a question 

addressing the importance of maintaining control over their investments. Respondents 

who state that control is very important are considered to have a preference for control.  

Perceived health and longevity are used to capture the concept of framing. To 

measure perceived health, responses to a question asking participants to rate their own 

health are used. If a respondent rates their health as excellent or very good they are 

considered to have above average health. Responses of good health are assigned to the 

average health category, while responses of fair or poor are assigned to the below average 

health category. To measure perceived longevity, responses to a question asking 

individuals to estimate their likelihood of living to age 95 are used. Because everyone 

surveyed is assumed to be 65, the 2000 Annuity Mortality tables is used to determine the 

probability of living to age 95, which is approximately 15% for males and 20% for 

females. To account for variation in health status and family health history, responses 

between 10% and 30% are considered to represent average longevity expectations. 
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Responses above 30% are considered to represent long longevity expectations, while 

responses less than 10% are considered to represent short longevity expectations. 

Demographics 

Sex, race, income, financial wealth, and whether or not the respondent is currently 

receiving Social Security are also included as control variables in the model. Sex is 

measured as a dummy variable where 1 represents male and 0 represents female. The 

race variable is constructed in a similar fashion where 1 represents white and 0 represents 

non-white. The income variable may, in part, serve as a proxy for education under the 

assumption that education and income are positively correlated. Education is excluded 

from the model because of its positive correlation with the independent variables of 

interest, financial sophistication and numeracy. Income and financial wealth are 

measured as a binary variable where 1 represents income/financial wealth above the 

median of the sample and 0 represents income/financial wealth below the median. The 

variable addressing whether or not the respondent is receiving Social Security is intended 

to serve as a proxy for age, above or below 65, while also capturing how being a Social 

Security participant influences perceptions of annuity value. 

Results 

Univariate Analysis 

Descriptive statistics for annuity valuation are presented in Table 2.1. The mean 

value within the irrationally high category (minimum of $500,000) is $3.5 million. Two 

of every five respondents value the $500/month life annuity at $500,000 or more and 

more than half of the irrationally high category values the annuity at $5 million (includes 

respondents who would not give up their annuity for any lump sum value). Among those 
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who value the annuity between $120,000 and $500,000 (high valuation category), the 

average valuation is $210,374 and the median is $200,000. A value of $200,000 

corresponds with an expected longevity of 98 years at a 0% discount rate or an infinite 

longevity with a discount rate of 4% (since $200,000 produces $8,000 per year, which is 

greater than the foregone $6,000 per year annuity).  

Table 2.1. Descriptive Statistics for Annuity Value Categories 
 

 

             Irrationally  
                           High         High Rational       Low 

Mean 3,481,215 210,374 90,511 27,155 

     Min 500,000 120,000 60,000 10 
25% 1,000,000 150,000 75,000 10,000 
Median 5,000,000 200,000 100,000 25,000 
75% 5,000,000 250,000 100,000 50,000 
Max 5,000,000 450,000 100,000 50,000 

     N 282 147 135 117 
 
One fifth (20%) of the respondents fall in the rational valuation category (annuity 

valuation between $60,000 and less than $120,000), and the average annuity valuation 

among those who provide a reasonable lump sum estimate is $90,511 and the median is 

$100,000. An annuity valuation of $90,511 corresponded with an expected longevity of 

88 years at a discount rate of 4%. Almost one fifth (17%) of respondents fall within the 

low annuity valuation category, with a mean annuity valuation of $29,077 and a median 

valuation of $25,000. This mean value corresponds with an expected longevity of 70.3 

years, or an additional 5.3 years after the age of 65.  
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Cross-tabulations of respondent characteristics by annuity valuation category are 

presented in Table 2.2. Additional descriptive statistics for the total sample can be found 

in Appendix B. 
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Table 2.2. Crosstabs on Annuity Valuations by Participant Characteristics 
 

Variable 
Irrationally 

high High Rational Low N 
Financial Sophistication 

     Below average sophistication 50.86 13.71 16.00 19.43 175 
Average sophistication 38.80 23.44 20.31 17.45 384 
Above average sophistication 36.07 27.05 23.77 13.11 122 
No numeracy 48.59 12.85 16.87 21.69 249 
Some numeracy 41.67 23.21 20.24 14.88 336 
Full numeracy 21.88 38.54 26.04 13.54 96 
Rational valuation factors 

     Income certainty - very important 44.54 19.63 19.45 16.38 586 
Income certainty < very important 22.11 33.67 22.11 22.11 95 
Leave inheritance - very important 46.25 17.92 18.75 17.08 240 
Leave inheritance < very important 38.78 23.58 20.41 17.23 441 
Medical access - very important 47.18 20.78 16.02 16.02 231 
Medical access < very important 38.44 22.00 21.78 17.78 450 
Defined benefit plan 41.46 19.51 18.70 20.33 123 
No defined benefit plan 41.40 22.04 20.07 16.49 558 
Behavioral valuation factors 

     Control investments - very important 45.39 19.20 20.45 14.96 401 
Control investments < very important 35.71 25.00 18.93 20.36 280 
Very likely to spend in 1 year 55.56 11.11 4.44 28.89 45 
< Very likely to spend in 1 year 40.41 22.33 20.91 16.35 636 
Short than average longevity 39.46 19.28 21.08 20.18 223 
Average longevity  31.15 27.64 23.62 17.59 199 
Longer than average longevity 50.96 18.92 15.83 14.29 259 
Below average health 51.23 11.73 15.43 21.61 162 
Average health 42.79 22.33 19.53 15.35 215 
Above average health 35.20 26.32 22.37 16.11 304 
Demographic factors 

     Receiving Social Security 47.58 18.48 19.09 14.85 330 
Not receiving Social Security 35.62 24.50 20.51 19.37 351 
Male 35.06 27.01 20.69 17.24 348 
Female 48.04 15.92 18.92 17.12 333 
White 38.16 24.04 21.47 16.33 545 
Other than White 54.41 11.76 13.24 20.59 136 
Income above the median 32.85 28.15 23.46 15.54 341 
Income below the median 50.00 15.00 16.18 18.82 340 
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The mean financial sophistication score for the sample is 2.27 out of six. Only 

two respondents out of 681 have a score of 6. The low percentage of correct responses to 

basic financial sophistication questions suggests that low levels of financial sophistication 

are pervasive and supports findings in prior research (Brown, 2008; Lusardi & Mitchell, 

2007; Lusardi & Mitchell, 2009). This finding may also serve as an explanation for the 

substantial number of respondents (41%) in the irrationally high valuation category. 

Alternatively, there appears to be an inverse monotonic relationship between the extreme 

valuation categories and levels of financial sophistication, and a positive monotonic 

relationship between the middle valuation categories and levels of financial 

sophistication. Similar relationships exist between the valuation categories and levels of 

numeracy.  

Income certainty is stated as very important by 86% of respondents. This is 

evidence of uncertainty aversion and highlights the value individuals place on consistent 

ongoing payments overtime, like those provided by a life annuity, to minimize 

uncertainty. Respondents with bequest motives, liquidity and investment control 

preferences have higher percentages in the irrationally high valuation category and lower 

percentages in the lower valuation categories than those who do not exhibit these 

preferences. These valuations are contradictory to rational expectations, as we expect a 

negative relationship between these characteristics and annuity valuations. However this 

may be explained by the perceived need for cash related to these preferences. Those with 

defined benefit plans have a greater percentage than those without in the low valuation 
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category, which may suggest that pre-existing annuitization reduces the value individuals 

place on annuities in the private market.  

Respondents with a high time preference show a greater percentage in the low 

valuation category than those with a low preference. Those with a high time preference 

also have a low percentage in the rational valuation category and high percentage in the 

irrationally high valuation category. These findings are inconsistent and may represent 

hyperbolic discounting. There is a positive monotonic relationship between perceived 

longevity and the irrationally high valuation category and a negative monotonic 

relationship between perceived longevity and the low valuation category, which is 

consistent with rational annuity demand.  

There is a relatively even split between respondents in the sample receiving Social 

Security and those who are not. The percentage of valuations in the irrationally high 

category is greater for those who are receiving Social Security and the percentage of 

respondents in the low valuation category is greater for those who are not receiving 

Social Security. Those with income above the median are more heavily concentrated in 

the middle valuation categories while those with income below the median are more 

heavily concentrated in the extreme valuation categories. To the extent that income 

serves as a proxy for education, there is evidence that those with higher levels of 

education may have a greater ability to accurately value a life annuity product. 

Multivariate Analysis 

Predictors of the life annuity valuation are presented in Table 2.3. The only 

significant predictors of respondent valuation on the $500 monthly life annuity benefit 
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are having a high time preference, perceived longevity, and receiving Social Security. 

Characteristics related to financial sophistication, rational or behavioral annuity valuation 

are unrelated to the value an individual places on the life annuity. These results are 

consistent with the large and inconsistent variation in annuity valuation shown in Table 

2.1.  

Table 2.3. Robust Regression Results  
 
Variable Estimate X2 

Financial sophistication 
  Average sophistication -0.3005 2.44 

Above average sophistication -0.2188 0.76 
Some numeracy 0.2257 1.56 
Full numeracy -0.1991 0.53 
Rational valuation factors 

  Income certainty - very important 0.4709 3.79 
Leave inheritance - very important -0.1205 0.49 
Medical access - very important 0.2664 2.51 
Defined benefit plan 0.1995 0.91 
Behavioral valuation factors 

  Control over investments - very important -0.0545 0.10 
Very likely to spend in 1 year **0.9377 8.72 
Average longevity -0.1730 0.72 
Longer than average longevity *0.4057 4.26 
Average health -0.0647 0.09 
Above average health -0.2806 1.71 
Demographic characteristics 

  Receiving Social Security **0.4799 8.00 
Male -0.1152 0.46 
White -0.3811 3.32 
Income above the median -0.1201 0.46 
Adj. R2 = .0796**; *p < .05. **p < .01. ***p < .001. 

  
The hypothesized impact of the valuation factors on annuity valuations in relation 

to the rational valuation category are shown in Table 2.4. A multinomial logistic 
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regression is used to estimate (see Table 2.5) the impact of the predictor variables on life 

annuity valuation categories, where respondents who provided reasonable annuity 

valuation estimates (rational category) are the reference group.  

Table 2.4. The Hypothesized Impact of Annuity Valuation Factors on Annuity 
Values in Reference to Rational Valuations 
 

Variable 

Hypothesized Effect on Values 
in Relation to Rational 

Valuations 
Financial sophistication  
Below average sophistication ↑/↓ 
Average sophistication ↑/↓/= 
Above average sophistication = 
No numeracy ↑/↓ 
Some numeracy ↑/↓/= 
Full numeracy = 
Rational valuation factors  
Income certainty – very important ↑ 
Leave inheritance – very important ↓ 
Medical access – very important ↓ 
Defined benefit plan ↓/= 
Behavioral valuation factors  
Control over investments – very important ↓ 
Very likely to spend in 1 year ↓ 
Shorter than average longevity ↓ 
Longer than average longevity ↑ 
Below average health ↓ 
Above average health ↑ 
Demographic characteristics  
Receiving Social Security ↑/= 
Male ↓ 
White ↓/= 
Income above the median  = 

 
Financial sophistication is not found to have a significant impact on a 

respondent's likelihood of providing a reasonable annuity valuation. A similar finding 

occurs when comparing the valuation estimates of those with some numeracy to those 

with no numeracy. Evidence that neither sophistication nor numeracy leads to more 
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accurate valuations suggests a widespread lack of understanding surrounding annuities. It 

also suggests that financial sophistication may not be comprehensive or transferrable, 

especially when considering markets, such as the annuity market, that are complex and 

less developed. 

Table 2.5. Multinomial Logistic Regression Results for Annuity Valuation 
 

 Variable 
Irrationally 

high    High      Low 
Financial sophistication 

   Average sophistication 0.1336 -0.0475 0.1271 
Above average sophistication 0.1713 -0.0152 0.2869 
Some numeracy 0.0192 -0.1354 0.2112 
Full numeracy 0.3266 -0.1730 0.3512 
Rational valuation factors 

   Income certainty - very important -0.3135 0.1386 0.0292 
Leave inheritance - very important -0.0178 0.0145 -0.0282 
Medical access - very important *-0.2515 -0.1892 -0.1583 
Defined benefit plan -0.1792 0.0188 -0.2245 
Behavioral valuation factors 

   Control over investments - very important 0.1097 0.1229 0.2762 
Very likely to spend in 1 year *-0.9232 -0.4606 **-1.0115 
Average longevity 0.0714 -0.1083 0.0073 
Longer than average longevity *-0.2867 -0.2154 -0.0578 
Average health 0.0875 -0.1533 0.1434 
Above average health 0.2517 -0.1224 0.1727 
Demographic characteristics 

   Receiving Social Security -0.0155 0.0790 0.2119 
Male -0.0052 -0.1986 -0.1084 
White 0.2378 -0.0457 0.2039 
Income above the median 0.2395 -0.0130 0.2625 
*p < .05. **p < .01. *** p < .001. 

 
There is little evidence that rational factors influence the valuation individuals 

place on the hypothetical annuity. Those with a preference for medical expense liquidity 

are significantly less likely than those without such preferences to be in the rational 
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valuation category when compared to the irrationally high category. This finding may be 

explained by the fact that individuals treat longevity and high medical costs as 

complements and view annuities as a valuable tool to eliminate longevity risk and insure 

that resources are available to cover the cost of healthcare in old age. Evidence of low 

levels of financial sophistication provide little support for this hypothesis, indicating that 

the inconsistency in our findings is more likely the result of a lack of understanding 

related to the complexity of annuity products. This finding may also be related to the idea 

that those with a strong preference for medical liquidity perceive a need for higher lump-

sum values to fund the costs of their medical expenses.  

Time preference has a significant impact on life annuity valuations. Those who 

report that they would spend the money received from a lump-sum distribution within a 

year are significantly less likely to be in the rational valuation category than both the low 

and irrationally high categories. Those who expected greater longevity are significantly 

more likely to be in the irrationally high valuation category than the rational category. 

This finding is consistent with theory and indicates that overoptimistic longevity 

expectations can affect optimal intertemporal consumer decision making through an 

unwillingness to acknowledge mortality.  

Conclusions and Implications 

The current study investigates the factors related to annuity valuation by 

consumers. We find that only behavioral predictors have an impact on the value a 

respondent places on a $500 per month life annuity payment, while financial 

sophistication and numeracy have no impact at all. Similarly, when the life annuity 
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valuations are broken down to reasonable and unreasonable responses based on average 

longevity at age 65 and realistic discount rates, we find that a higher knowledge of 

financial concepts and numeracy does not increase the likelihood of giving a reasonable 

response. Results from this study indicate the potential existence of a widespread lack of 

knowledge about annuity products, which may lead to decreased annuity demand in 

private markets (Brown, Kapteyn, Luttmer, & Mitchell, 2013). 

These results suggest that those with below-average sophistication and those with 

above-average sophistication are equally likely to place a rational value on the life 

annuity benefits. Those with liquidity preferences, bequest motives, and control 

preferences are heavily concentrated in the irrationally high valuation category. Such 

inconsistencies between preferences and valuations may further indicate a lack of 

understanding. This finding may also suggest that financial sophistication is not 

comprehensive or transferrable, especially when considering markets that are complex 

and less frequently used by consumers.  

 Responses are concentrated in the irrationally high annuity valuation category. 

This finding contradicts prior research that suggests individuals place a low value on 

annuitization. One explanation is that respondents may view the decrease of $500 as a 

loss relative to a social security payment reference point, leading to a biased value of the 

lump sum required to compensate for this over-weighted loss of income (Tversky & 

Kahnemann, 1991). One explanation is that individuals place a high value on annuities, 

but an insufficient understanding of these products prevents individuals from gathering 

and effectively using the information necessary to accurately estimate annuity values. 
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This is evidenced in a study by Gustman et al. (2010) who find that numeracy and other 

measures of cognitive ability are not determinants of pension or Social Security 

knowledge. When parameters of uncertain decisions are unknown, it is rational for 

consumers to avoid making the decision as a result of ambiguity aversion (Schmeidler, 

1989). This aversion to uncertainty may result in a loss of consumer welfare if demand 

for annuities falls well below what would exist if consumers had full information. 

Chalmers and Reuter (2011) show that the demand for life annuities drops in their sample 

of public employees when the risk-free rate drops. They hypothesized that a drop in 

interest rates is a proxy for economic uncertainty in the marketplace resulting in lump-

sum values greater than what is available through life annuity payments. Because proxies 

for economic uncertainty were found to have little effect in subsequent testing, they later 

attributed the behavior of their sample to financial illiteracy, noting confusion about the 

link between discount rates and annuity values (Chalmers & Reuter, 2011). Lusardi and 

Mitchell (2007) find that only 18% of respondents are able to accurately estimate the 

impact of compound interest on security valuation. Such confusion could cause 

consumers to inaccurately value annuity products, potentially leading to lower levels of 

annuity demand and the loss of consumer welfare in retirement. Additionally, Clark, 

Morrill, and Allen (2010) shows that, after providing seminars on retirement plan 

distributions, employees with both defined benefit and defined contribution plans have a 

higher propensity for annuitization. This is likely the result of highlighting the salient 

benefits of annuitization, eliminating ambiguity and helping participants better 

understand how annuitization can help them navigate the difficult task of decumulating 
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retirement assets. Because levels of financial sophistication are low, increasing basic 

understanding about the benefits of annuitization can lead to annuities being the path of 

least resistance for individuals when decumulating their retirement assets. For someone 

with limited financial knowledge it would be much simpler to annuitize retirement wealth 

than to manage their retirement portfolio and be faced with investment selection 

decisions, rebalancing, withdrawal rates, and tax planning (Agnew & Szykman, 2010).  

Policy intervention, which either forces annuitization (such as Social Security) or 

increases information availability, may enhance consumer welfare for those who would 

otherwise under-annuitize. However, evidence that higher levels of numeracy and 

financial sophistication are not related to increased product understanding should cause 

concern for policy makers who might assume that increased financial knowledge will 

improve savings habits and lead to the optimal decumulation of assets after retirement. 

To the extent that governments promote education, it should place significant emphasis 

on pension-related topics that focus on retirement needs and longevity risk (Cappelletti, 

Giovanni, & Tommasino, 2011). 

Immediate life annuities are complex financial products. Annuities have a 

reputation as an opaque product class that is often sold at high prices that provide 

generous commissions to agents. The reluctance to provide simple information about fees 

and expenses associated with annuities has not enhanced the perception of annuities 

among consumers. The decision to maintain product opacity as a marketing technique to 

extract rents from consumers unable to accurately determine quality or price may 

contribute to the low rate of annuity ownership in the United States. Improved product 
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disclosure that improves the ability to value an annuity, standardization of annuity 

products, and better regulation of suitability standards within the industry promises to 

benefit both consumers while increasing competition among annuity providers. 
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APPENDIX A 

VALUATION CATEGORY CALCULATIONS 

Table 2.1A. Valuation Category Calculations 
 

Valuations 
Life 

Expectancy 
Discount 

Rate 

Payment 
per 

Month 

Future $ 
of the 

Annuity 

Present $ 
of the 

Annuity 
Rational – Lower Bound 20*12 8%/12 $500 0 $59,777 
Rational – Upper Bound 20*12 2%/12 $500 0 $98,837 
Low – Upper Bound 20*12 10%/12 $500 0 $51,812 

 
Note. The calculations are worked as an annuity due indicating that payments are 
received at the beginning of each period. By multiplying and dividing the life expectancy 
and discount rates respectively, we are assuming monthly compounding and accounting 
for the fact that the $500 payment is a monthly payment. Values are rounded to the 
nearest $5,000 for the purposes of determining the valuation category cutoffs.  
 
The lower bound value of the high valuation category assumes a 0% discount rate and is 
calculated as ($500*12)*20 = $120,000, which is also $14,000 higher than the market 
price for an inflation-protected $500 annuity in 2008 (Schirrippa, 2009). The upper bound 
value on the high valuation category (lower bound value on the irrationally high 
valuation category) is somewhat arbitrary. The motivation for establishing this threshold 
was to distinguish extreme irrationality among those with high valuations. 
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APPENDIX B 
 

DESCRIPTIVE STATISTICS FOR THE TOTAL SAMPLE 
 

Table 2.1B. Descriptive Statistics for the Total Sample (N = 681) 
 
Variable Min Max Md M SD 
Annuity valuation (in thousands) .01 5,000 200 1,509.58 2,109.21 
Financial sophistication 0.00 6.00 2.00 2.27 1.32 
Numeracy 0.00 2.00 1.00 0.78 0.68 

 
Count  

          
%       

Financial sophistication 
     Below average sophistication 175 25.70 

   Average sophistication 384 56.39 
   Above average sophistication 122 17.91 
   No numeracy 249 36.56 
   Some numeracy 336 49.34 
   Full numeracy 96 14.10 
   Rational demand factors 

     Income certainty - very important  586 86.05 
   Leave inheritance - very important 240 35.24 
   Medical access - very important 231 33.92 
   Defined benefit plan 123 18.06 
   Behavioral demand factors 

     Control investments - very important 401 58.88 
   Very likely to spend in 1 year 45 6.61 
   Shorter than average longevity 223 32.75 
   Average longevity  199 29.22 
   Longer than average longevity 259 38.03 
   Below average health 162 23.79    

Average health 215 31.57    
Above average health 304 44.64    
Demographic factors 

     Receiving Social Security 330 48.46 
   Male 348 51.10 
   White 545 80.03 
   Income above the median 341 50.07 
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APPENDIX C 

QUESTIONS FROM THE HRS 

Used to Construct the Dependent Variable 

Imagine you are 65 years old, and you are receiving $1,000 per month in Social Security 
benefits. Suppose you had a choice: either you could keep that $1,000 monthly benefit for 
life, or you could exchange it for a monthly benefit half that size, $500 per month for life, 
plus you’d get a one-time, lump sum payment. What is the smallest lump-sum that you 
would be willing to accept in exchange for reducing your lifetime benefit by $500 per 
month? 

Used to Construct the Financial Sophistication Variable 

What type of investment is most likely to held in a money market fund? 

Which of the following do you think is most likely to be held in a money market fund – 
stocks, long-term bonds, or treasury bills? 

Which investment is more risky, a single stock or a mutual fund? 

On a scale from 1 to 5, where 1 is no risk and 5 is very high risk, and 2 through 4 are 
somewhere in between, please rate the risk of the following investment options. 

First, using the 1 to 5 scale, how would you rate the stock of a single company? 

Again using the 1 to 5 scale, where 1 is no risk and 5 is very high risk, how would you 
rate a mutual fund of U.S. stocks? 

Which investment is more risky, a corporate bond or a government bond? 

Again using the 1 to 5 scale, where 1 is no risk and 5 is very high risk, how would you 
rate corporate bonds? 

Again using the 1 to 5 scale, where 1 is no risk and 5 is very high risk, how would you 
rate government bonds? 

Which investment is the least risk, a single stock, a corporate bond, a mutual fund, a 
government bond, or a money market fund? (Used all questions regarding risk including 
the question below) 

Again using the 1 to 5 scale, where 1 is no risk and 5 is very high risk, how would you 
rate money market funds? 
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Would you expect the return on a single stock to be more, less, or equal to the return on a 
mutual fund? 

Please rate the one-year expected return on the following investment options on a scale 
from 1 to 5, where 1 is a very low return and 5 is very high and 2 through 4 are 
somewhere in between.  

First, how would you rate the expected return on the stock of a single company, where 1 
is a very low return and 5 is a very high return? 

How would you rate the expected return on a mutual fund of U.S. stocks where 1 is a low 
return and 5 is a high return? 

Between corporate bonds, government bonds, and money market funds, which would you 
expect to have the highest rate of return? 

How would you rate the expected return on corporate bonds where 1 is a low return and 5 
is a high return? 

How would you rate the expected return on a money market fund where 1 is a low return 
and 5 is a high return? 

How would you rate the expected return on government bonds where 1 is a low return 
and 5 is a high return? 

Used to Construct the Preference Variables 

Income Certainty 

You want to be certain that you have regular monthly income even if you live a long time 
– was that very important, somewhat important, or not at all important? 

Bequest Motive 

You want to leave the money to others when you die – was that very important, 
somewhat important, or not at all important? 

Liquidity – Medical Access 

How likely is it that you would set the money aside for possible future medical or nursing 
home expenses – very likely, somewhat likely, or not at all likely? 
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Control Over Investments 

You want control over how your money is invested – was that very important, somewhat 
important, or not at all important? 

Time Preference 

How likely is it that you would spend the money within one year – very likely, somewhat 
likely, or not at all likely? 

How likely is it that you would spend the money gradually over the rest of your life – 
very likely somewhat likely, or not at all likely? 
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CHAPTER III 

DID COGNITIVE ABILITY AFFECT THE STOCK REALLOCATION 
DECISIONS OF OLDER INVESTORS DURING THE GREAT RECESSION? 

 
Introduction 

The financial decisions of households are important for both households and the 

greater economy. Of particular interest are the decisions of households related to 

retirement planning. The frameworks for making decisions related to retirement are 

complex and require the accurate estimation and effective use of multiple inputs for 

individuals to be successful in meeting their long-term goals. When considering long-

term investment goals the rational expectation is that individuals will make decisions 

based on the utility gained from wealth over their lifetime, not the current state of the 

marketplace they are participating in. However individual investors have been found to 

be loss averse - more sensitive to losses than gains. In the midst of a negative financial 

event, this causes a shift in focus from long-term consumption to the variability of recent 

returns as investors become distracted by their desire to minimize the dissatisfaction from 

an experienced loss. The recent great recession provides an excellent opportunity to 

observe the portfolio reallocation decisions of individual investors when they face severe 

reductions in stock values, as shown in Figure 3.1, and are most vulnerable to loss averse 

decisions. 
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Figure 3.1 Monthly S&P 500 Close Price 

There is concern that individuals with diminished cognitive ability are more 

susceptible to behavioral biases such as loss aversion when making investment decisions 

in a down market. Greater cognitive ability is related to increased stock market 

participation (Christelis, Jappelli, & Padula, 2010; Cole & Shastry, 2009) and a lower 

susceptibility to behavioral biases (Grinblatt, Keloharju, & Linnainmaa, 2012). Using the 

Health and Retirement Study (HRS) we explore the relationship between cognitive ability 

and the stock reallocation decisions of older investors during the great recession. We 

provide evidence that older investors with lower levels of cognitive ability are more 

likely to allocate away from stocks after they have fallen in value. 
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Literature Review 

Mean Variance Optimization 

Individuals invest to accumulate resources that can be used to meet their 

consumption needs in retirement in an attempt to maximize lifetime utility from wealth 

(Ando & Modigliani, 1963). The most commonly used model to explain investor trading 

and allocation decisions is the mean-variance model (Markowitz, 1952). Under modern 

portfolio theory, the investor will allocate their portfolio between a risky and riskless 

asset based on their level of risk tolerance. Because investors have stable risk preferences 

and incorporate all available historical data when forming beliefs about risky outcomes, 

they will select an optimal portfolio that is unaffected by short-run market performance. 

For this to hold true, the risk perceptions and subsequent allocation decisions of 

individuals must be unaffected by biases and economic experiences. 

There is evidence that individuals are loss averse and do not operate under 

expected utility theory (Kahneman & Tversky, 1979). Loss aversion causes individuals to 

be more sensitive to decreases in well-being than they are to increases. The 

dissatisfaction yielded from losses oftentimes causes individuals to make decisions in the 

short-term that are unrelated to or detrimental to efforts aimed at maximizing lifetime 

utility from consumption. This problem is compounded by the myopic, boundedly 

rational nature of individual investors (Benartzi & Thaler, 1995). 

 Common portfolio advice is for individuals to decrease equity holdings as they 

get older. This idea is supported theoretically if it is based on the relationship between 

human capital and financial wealth. Human capital is highest when individuals are young 
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and have a flexible labor supply. As individuals age their human capital and labor 

flexibility diminishes. As human capital, a bond-like asset, diminishes rebalancing the 

portfolio towards lower risk investments is required to maintain the appropriate mix 

between risky and riskless assets. Upon retirement human capital is depleted. This 

eliminates the need to allocate away from stocks and shift the risk characteristics of the 

portfolio after retirement (Bodie, Merton, & Samuelson, 1992). In other words, older 

individuals should not reduce their stock holdings after retirement just because they are 

getting older. 

Investor Biases 

Much of the current literature suggests that biases (Kahneman & Tversky, 1972; 

DeBondt, 1993; Sirri & Tufano, 1998; Barber & Odean, 2008; Yuan, 2011) and prior 

economic experiences (Caplin and Leahy, 2001; Malmendier & Nagel, 2011) play a 

significant role in shaping the risk perceptions of individual investors, leading to trading 

and allocation decisions motivated by something other than stable, rational preferences. 

Baye’s rule indicates that individuals will react correctly to new information when 

revising probability estimates. This rule is frequently violated in experimental studies of 

how individuals actually respond to new data (Kahneman & Tversky, 1982). When 

updating expectations individuals tend to overestimate recent information and 

underestimate older events. Much of the susceptibility of individuals to behavioral biases 

is likely related to the overwhelming amount of information that must be acquired and 

processed to accurately estimate risk levels and future return probabilities. Because the 

acquisition of information is costly, many individuals only consider information that is 
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readily available and easy to process. This causes investors to focus heavily on recent 

past performance (Sirri & Tufano, 1998, Barber & Odean, 2008) and other attention 

grabbing events when making investment decisions (Barber & Odean, 2008; Yuan, 

2011). This may increase one’s susceptibility to the representativeness heuristic, where 

individuals overestimate the degree to which a single event has the same characteristics 

as the population it is drawn from (Kahneman & Tversky, 1972). This may lead investors 

to overestimate the predictability of returns, and make allocations decisions that are less 

than rational. 

The Impact of Experiences  

 The psychological literature has also considered the impact of personal 

experiences, especially recent ones, on personal decisions. Nisbett and Ross (1980), 

Weber et al. (1993), and  Hertwig et al. (2004) find that recent personal experiences have 

a significant influence on personal decisions. Malmendier and Nagel (2011) investigate 

whether the macro-economic experiences of individuals impact their risk attitudes. They 

find that risk taking is strongly related to return experiences, and more recent returns 

have a greater influence on risk taking than those experienced early in life. Additionally, 

they find that individuals that have experienced low market returns are less likely to take 

financial risk and invest a smaller portion of their liquid assets in stocks. 

Experiences may cause feelings about specific situations that lead to biased risk 

perceptions (Slovic, et al. 2002). A negative event, such as a market crash, may lead to 

higher levels of perceived risk than what would be experienced in an unbiased situation 

(Fischer & Gerhardt, 2007), resulting to suboptimal portfolio reallocations. Negative 
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events may also cause anxiety, an anticipatory emotion that varies across time and states 

(Caplin & Leahy, 2001). Feelings of anxiety shift individuals’ focus from probabilities to 

possibilities, biasing risk perceptions and causing overreactions to small probability 

events (Caplin & Leahy, 2001). This may lead to increased levels of perceived risk and 

an over-weighted probability of low future returns among individual investors following 

a negative event. Hoffman, Post, and Pennings (2012) find that investors’ risk 

perceptions increased while their return expectations decreased during the great 

recession, resulting in increased trading among individual investors. Findings that 

individuals make decisions in the current period based on recent experiences are 

consistent with loss aversion. These short-term reactions have potential long-term 

consequences to the retirement wealth of older investors who fail to participate in the 

recovery of the market and expose themselves to decreased long-term returns. 

Costly Mistakes of the Biased Investor 

 Ippolito (1992) established that investor trading is strongly correlated with past 

performance. This is consistent with the idea that investor sentiment in the market is 

closely related to recent returns. Baker and Wrugler (2007) define investor sentiment as 

“a belief about future cash flows and investment risks that is not justified by the facts at 

hand.”  It is the result of over-optimism (pessimism) related to recent returns that drives 

markets away from their intrinsic values, with high (low) sentiment being associated with 

high (low) stock values. DeBondt (1993) provides evidence of this as he finds that the 

percentage of investors with bullish attitudes increases following an increase in the DJIA. 

Two key findings from this study are that (i) investor sentiment trails the market, and that 
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(ii) individuals are subject to extrapolation bias, the expected continuation of past market 

performance. Both lead individuals to be over-optimistic (pessimistic) and buy (sell) 

shares in bull markets (bear markets) highlighting the role of recent return experiences on 

the preferences and actions of individual investors. 

Such trading has been associated with portfolio reallocations that lead to 

diminished long-term investment returns. DeBondt and Thaler (1985) hypothesize that 

investor overreactions to recent returns predicts future portfolio performance. They find 

that loser (winner) portfolios persistently outperform (underperform) the market for up to 

36 months. This is consistent with the P/E hypothesis where investors become overly 

pessimistic (optimistic) following negative (positive) returns. This causes stocks to 

become temporarily under (over) valued leading to reversals in performance (Basu, 

1977). Friesen and Sapp (2007) measure the impact of investor timing decisions on 

investment performance. They find that investors make poor timing decisions that are 

consistent with return chasing and detrimental to investment returns, costing investors 

1.56% annually between 1991 and 2004. They attribute these losses to the idea that 

returns are serially uncorrelated and mean reverting. Maymin & Fisher (2011) find that 

investors shift their portfolio allocations towards bonds following a market downturn, 

evidence that when one asset class outperforms another investors allocate towards the 

winner and away from the loser. This sentiment-driven return chasing behavior leads to 

pricing adjustments in the market that lowers the future returns of recent good performers 

and raises the future returns of recent poor performers (Ben-Rephael, Kandel and Wohl, 

2012). Individual investors have been labeled “dumb money” for their willingness to 
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allocate away from winners and towards losers, a behavior found to cost investors 

between 4% and 10% annually (Frazzini & Lamont, 2008). 

Cognitive Ability, Age, and Financial Decisions 

 When evaluating the susceptibility of older households to allocating away from 

stocks during a down market, we must consider that impact of cognitive ability on 

financial decisions. Evidence exists that cognitive ability both decreases with age and 

matters when making financial decisions. The cognitive ability of an individual is made 

up of both their fluid and crystallized ability. Fluid ability is one’s innate ability to use 

logic and reason without regards to acquired knowledge.  There is strong evidence that 

fluid cognitive function decreases significantly over one’s lifetime (Cattell, 1987; 

Salthouse, 2005; Agarwal, Driscoll, Gabaix, & Laibson, 2008). Fluid function has been 

shown to decrease as much as 1% per year from age 20 to 80, with declines attributable 

to cohort effects, normal aging effects, and dementia. In adults over age 85, about 30% 

have been diagnosed with dementia.  Even those who have not been diagnosed with 

dementia may experience significant cognitive impairment. For example, approximately 

30% of adults between the ages of 80 and 89 have been diagnosed with cognitive 

impairment without dementia (Agarwal et al., 2008). 

While fluid function is decreasing with age crystallized function is increasing, an 

effect of individuals gaining education and experience as they get older. This causes the 

quality of financial decisions over the lifecycle to follow a hump-shaped pattern, with 

peak decision making ability around age 50 (Agarwal et al., 2008). Younger adults are 

prone to financial mistakes due to a lack of experience. Such mistakes can oftentimes be 

50 
 



Texas Tech University, Christopher Browning, December 2013 
 

overcome by large amounts of unspent human wealth and the ability to increase 

participation in the labor market. Declines in cognitive function also make older adults 

susceptible to financial mistakes, which are much more difficult to overcome as human 

wealth is depleted and labor market participation is more difficult. Agarwal et al., (2008) 

show that the ability to make good financial decisions follows an age-based pattern, with 

decision quality diminishing in older age. 

Korniotis and Kumar (2011) find that older investors have greater investment 

knowledge, but apply it less effectively and have less investment skill. They also find that 

investors with low levels of cognitive ability earn lower risk adjusted returns in 

comparison to investors with greater cognition. Christelis, Jappelli, & Padula (2010) and 

Cole & Shastry (2009) find that cognitive ability is positively related with stock market 

participation. Bucher-Koenen & Ziegelmeyer (2011) find cognitive ability to be 

negatively correlated with loss aversion and other behavioral biases, while Benjamin, 

Brown, and Shapiro (2005), Dohmen, Falk, Huffman, and Sunde (2010), and Frederick 

(2005) find that cognitive ability is positively related to patience and negatively related to 

risk aversion. Additionally, investors with higher IQs have been found to select better 

investments and exhibit fewer behavioral biases when compared to low IQ investors 

(Grinblatt, Keloharju, and Linnainmaa, 2012). 

Methods 

Data 

 This study uses the Health and Retirement Study (HRS) to model the impact of 

cognitive ability on the portfolio reallocation decisions of older investors during the great 
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recession. The HRS, a nationally representative longitudinal data set of Americans age 50 

and older, has been administered by the University of Michigan on a biennial basis since 

1992 and is supported by the National Institute on Aging and the Social Security 

Administration.  

Sample 

 The sample is made up of individuals that held stock investments between 2006 

and 2008. Investments in stocks held individually, in mutual funds, and in IRAs are all 

considered investments in stock. Individuals with data missing that is necessary for the 

construction of the dependent variable, or variables measuring cognitive ability, are 

excluded from the sample. To reduce the impact of extreme observations within the 

dependent variable, individuals with beginning stock values less than $10,000 are also 

excluded. 

Conceptual Model 

 To test the research question we propose the following conceptual model: 

Stock Reallocations = f(cognitive ability, risk tolerance, recent returns, demographics) 

When measuring cognitive ability we consider fluid cognitive function. Fluid 

ability is one’s capacity to solve problems using logic and reason, without regard to 

acquired intelligence (Cattell, 1971). Both primary aging, an innate maturational process, 

and secondary aging, effects related to environment and disease, have been found to 

contribute to decreases in fluid ability over time (Anstey, Stankov, & Lord, 1993). Fluid 

ability is important when solving complex unstructured problems, and has a strong 

negative relationship with age (Salthouse, 2005; Salthouse, 2010). This relationship is 

oftentimes captured by decrements in working memory and processing speed 
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(Postlethwaite, 2011). Here we proxy for fluid ability by evaluating the working memory 

and numeracy of respondents. 

Numeracy has been found to be an important aspect of financial decisions, with 

indications that greater math ability is positively associated with patience and negatively 

associated with financial mistakes. This is especially important when financial decisions 

include an element of time tradeoff, as with retirement planning (Agarwal & Mazumder, 

2013). Pure measures of crystallized intelligence are not available in the HRS, therefore 

crystallized intelligence is not included in our study. 

We look at three factors associated with risk tolerance. Variables measuring 

stocks as a percentage of total assets, overall wealth, and the existence of a defined 

benefit plan are used as proxies to measures investor willingness and ability to take risk. 

The existence of a defined benefit plan and high overall wealth are viewed as increasing 

the investor’s ability to take risk, while high stocks as percentage of wealth is viewed as 

increasing the investor’s willingness to take risk. The risk aversion measure included in 

the HRS is not used in this study. Recent measures of risk aversion are not available for 

the majority of the sample. Additionally, Anderson and Mellor (2009) show that risk 

preferences are not stable when comparing risk aversion in the HRS to risk aversion 

measured in an experiment with real monetary costs and rewards. 

Recent returns are measured using the returns from the S&P 500. For each 

individual in the sample we capture the returns of the S&P 500 three months and six 

months prior to their interview date in 2008. This is included to capture the effect of 

recent market performance on willingness to hold stocks and serves as a proxy for the 
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influence of behavioral biases, such as loss aversion and sentiment, on portfolio 

allocation decisions.  

The demographic variables used in the model include planning horizon, age, 

retirement status, income, sex, and race. They are included to capture life-cycle and 

demographic effects on stock holdings. 

Dependent Variable 

 The dependent variable in this study is measured as the difference between the 

actual percentage change in portfolio allocations to stocks between 2006 and 2008 and 

the expected percentage change in portfolio allocations to stocks between 2006 and 2008. 

To calculate the actual percentage change in stock allocations we first calculate the 2006 

stock value for each respondent in the sample by adding the value of individual stocks to 

the value of stocks held in mutual funds and IRAs. We then calculate the percentage of 

the portfolio made of up stock holdings in 2006 by dividing the stock value by total 

financial assets. We calculate the 2008 stock value and portfolio percentage using the 

same approach. The difference between the 2008 and 2006 allocations becomes the 

actual percentage change in stock allocations.  

After calculating the actual percentage change we estimate the expected 

percentage change in stock allocations. To do this we estimate an expected 2008 stock 

value by multiplying the 2006 stock value by the S&P 500 returns experienced between 

the interview dates for each respondent. We then multiply the remaining portion of the 

2006 portfolio, (financial assets – stock investments)/financial assets, by the combined 

average returns of the Barclay’s Aggregate Bond Index and 3-month CD rates between 
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the 2006 and 2008 interview dates. After the expected 2008 values for each portion of the 

portfolio have been estimated we calculate the expected allocation to stocks in the 

portfolio by dividing the expected 2008 stock value by the expected value of total 

financial assets in 2008. The difference between the expected 2008 allocation and actual 

2006 allocation equals the expected percentage change in stock allocations for each 

respondent. Once this has been calculated the dependent variable becomes the difference 

between the actual percentage change in portfolio allocation to stocks and the expected 

percentage change in portfolio allocation to stocks. Negative values represent allocations 

away from stocks, while positive values represent stock allocations greater than expected 

after considering market returns.  

The HRS does not provide detailed information on the investment holdings of 

each respondent. For the purpose of our analysis the financial assets of each respondent 

are broken up into two asset classes, 1) stocks and 2) bonds and cash.  The S&P 500 was 

chosen as a proxy for estimating stock returns because it is the best gauge of the US 

equities market, representing a wide variety of industries and covering approximately 

75% of US equities (Standard & Poors, 2012). Movement in the S&P 500 is also used to 

predict shareholder sentiment in the market (Investment Company Institute, 2012). A 

similar approach was used by Hoffman, Post, and Pennings (2012) when they used the 

Amsterdam Exchange Index (AEX) to estimate portfolio returns and volatility following  

the 2008 market crash for a sample of Dutch investors, for which detailed portfolio 

information was not available. Returns for each respondent are calculated based on the 

respondents 2006 and 2008 interview months. 
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To estimate bond and cash returns we use the combined average returns from 

Barclays Aggregate Bond Index (AGG) and 3-month CD rates between 2006 and 2008. 

Barclays Aggregate Bond Index was chosen because it includes most investment grade 

bonds traded in the United States, including treasury securities, mortgage-backed bonds, 

and corporate bonds. 3-month CD rates were chosen because they represent a high return 

option on cash, while still providing liquidity. Savings rates between 2006 and 2008 were 

very similar to 3-month CD rates; however CD rates for the period were far more 

accessible and therefore used in our analysis.  

Independent Variables 

Cognitive Ability 

 We proxy for fluid ability, by looking at the word recall, series 7, and numeracy 

problem variables available in the HRS. These variables are used to develop constructs 

that measure the working memory and numeracy of respondents in the sample. 

Immediate word recall is used to measure working memory. In the each wave of the HRS 

respondents are verbally given a list of 10 words. Upon hearing the list of words each 

respondent is asked to recall as many words as they can from the list. For each word they 

recall correctly they are given a point, resulting in word recall scores that range from 0 to 

10. In this study we use the raw word recall scores from 2006 to create dummy variables 

for varying levels of working memory. To do this we first calculate the mean word recall 

score for the sample. We then compare the word recall score of each respondent to the 

mean score. The sample had a mean word recall score of 5.97 and an inter-quartile range 

from 5 to 7. If respondents have a score that falls within the inter-quartile range they are 
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considered to have average working memory. Respondents’ scores that fall in the top 

quartile, above 7, are considered to have above average working memory. Respondents’ 

scores that fall in the bottom quartile, below 5, are considered to have below average 

working memory. 

The numeracy of each respondent, one’s ability to apply reason to mathematical 

concepts is also included as a measure of fluid ability. To construct this variable we first 

consider each respondents performance on the series 7 questions, where each respondent 

is asked to perform 5 consecutive subtractions of 7, starting with 100 minus 7. Scores for 

this question range from 0 to 5, with the respondent getting a point for each correct 

subtraction in the series. Because of the simplicity of this question it is used to capture 

extremely low levels of numeracy.  

To capture higher level numeracy we consider responses to the following 

questions. . 

If the chance of getting a disease is 10 percent, how many people out of 1,000 would 
be expected to get the disease? 
 
If 5 people all have the winning numbers in the lottery and the prize is two million 
dollars, how much will each of them get? 
 
Let's say you have $200 in a savings account. The account earns 10% interest per 
year. How much would you have in the account at the end of two years? 
 

 Only respondents who answered the first two questions correctly in their 

interview are asked the third question. For each correct response the respondent is given a 

point, resulting in question scores that range from 0 to 3. Respondents with series 7 

scores in the bottom quartile, below 4, and question scores of 0 are considered to have 

low numeracy. Respondents with series 7 scores of 4 and above and question scores of 1 
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or 2 are considered to have some numeracy, and those with question scores of 3 are 

considered to have high numeracy.  

Risk Tolerance 

 We look at three factors associated with risk tolerance. Total wealth and the 

existence of a defined benefit plan are used to measure the investor’s ability to take risk, 

while high stocks as a percentage of total assets is used to measure the investor’s 

willingness to take risk. Total wealth and the existence of a defined benefit plan are 

measured as dummy variables. Wealth above median wealth for the sample is considered 

high wealth and wealth below median wealth for the sample is considered low wealth. 

Stocks as a percentage of total assets is also measured as a dummy variable. To create 

this variable we calculate total assets by adding all debt back to the total wealth variable. 

We then divide the value of stocks by the value of total assets to get stocks as a 

percentage of total assets. Respondents with stocks as a percentage of assets above the 

median are considered to have a high percentage of stocks and those with percentages 

below the median are considered to have a low percentage of stocks.  

Recent Returns 

 When considering the impact of recent market performance on stock reallocations 

we look at both three and six month returns. Returns for each respondent are calculated 

based on the respondents 2008 interview months. This is done to accurately capture the 

three and six month returns experienced by each respondent. Respondents with double 

digit negative three month returns are considered to have low three month returns. 

Respondents that experienced a double digit negative change in returns between three and 
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six months are considered to have low six month returns. We use this approach, rather 

than simply considering the overall six month returns, to capture the timing of significant 

changes in stock values under the assumption that sudden large changes in stock values 

have a greater impact on sentiment than absolute changes in stock values over time.   

Demographics 

The demographic variables used in the model include age, retirement status, 

income, sex, and race. Age is broken into four different categories, less than 60, between 

60 and 69, between 70 and 79, and over 80. These four categories are used to capture 

individuals in different phases of the life-cycle. Retirement status is included as a dummy 

variable to measure the difference in behavior for those accumulating assets versus those 

decumulating assets. Income, sex, race are also included as dummy variables. The 

income variable may, in part, serve as a proxy for education under the assumption that 

education and income are positively correlated. Education is excluded from the primary 

analysis because of its positive correlation with the independent variable of interest, 

cognitive ability. Income is measured as a binary variable where 1 represents income 

above the median and 0 represents income below the median. Sex is measured as a 

dummy variable where 1 represents male and 0 represents female. The race variable is 

constructed in a similar fashion where 1 represents white and 0 represents non-white.  

Results 

Univariate Analysis 

Descriptive statistics for stock reallocations are presented in Table 3.1. Over half 

of the sample, 58.81%, decreased their portfolio allocations to stock above what can be 
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explained by portfolio returns. Approximately 10% of the sample reduced their allocation 

to stocks by 70% or more than expected, about 25% reduced their allocations by 30% or 

more, and about 40% reduced their stock allocations by 15% or more than expected.  

 The average age of the sample is 68.58 and 43.87% are 70 or older. Those 

between 60 and 69 make up 34.23% of the sample while those younger than 60 make up 

21.9%. The average working memory score is 5.97 out of 10, the average series 7 score is 

4.19 out of 5, and the average numeracy problem score is 1.63 out of 3. Over 67% of the 

sample are in the average working memory category, while 16.5% are in the below 

average category and 15.79% are in the above average category. These percentages are 

consistent with the percentage of respondents in each of the numeracy categories. It is 

interesting to note that 41.84% of the sample had numeracy problem scores less than or 

equal to 1, and only 15.1% got all three numeracy problems correct.  

Only a small percentage of the sample, 8.64%, experienced double digit negative 

three month returns, while over half experienced a double digit decrease in returns 

between three and six months. The majority of the sample, 50.2%, indicated that they had 

a planning horizon of at least 5 years when considering financial matters, while 27.99% 

indicated a planning horizon between 1 and 5 years and 21.81% state a horizon of 1 year 

or less. 
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Table 3.1 Descriptive Statistics for the Total Sample (N = 3,205) 
 
Variable Min Max Md M SD 
Actual % Δ in stock – Expect % Δ in stock -100.00 92.52 -5.10 11.80 37.05 
Cognitive Ability – Word Recall 0.00 10.00 6.00 5.97 1.62 
Cognitive Ability – Numeracy 0.00 3.00 2.00 1.63 0.86 
Cognitive Ability – Serial 7 0.00 5.00 5.00 4.19 1.24 

 
Count % 

   Fluid Cognitive Ability 
     Below average word recall (reference) 529 16.50 

   Average word recall 2170 67.71 
   Above average word recall 506 15.79 
   Low numeracy (reference) 484 15.10 
   Some numeracy 2237 69.8 
   High numeracy 484 15.10 
   Risk Measures 

     High wealth 1603 50.02 
   High stocks as a percent of wealth 1603 50.02 
   Defined benefit plan 250 7.80 
   No defined benefit plan 2955 92.20 
   Recent Returns 

     Low 3 month returns 277 8.64 
   High 3 month returns 2928 91.36 
   Low 6 month returns 1630 50.86 
   High 6 month returns  1575 49.14 
   Demographics 

     ≤ 1 year (reference) 699 21.81 
   The next few years 897 27.99 
   ≥ 5 years 1609 50.20 
   Age < 60 (reference) 702 21.90 
   Age 60 to 69 1097 34.23 
   Age 70 to 79 882 27.52 
   Age ≥ 80 524 16.35 
   Retired 1819 56.76 
   Not retired 1386 43.24 
   High income 1603 50.02 
   Male 1462 45.62 
   Female 1743 54.38 
   White 3019 94.20 
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In Table 3.2 and we examine the relationship between age and fluid cognitive 

ability and find a strong negative relationship for both working memory and high level 

numeracy. This is relationship is shown graphically in Figure 3.2 

 

Figure 3.2 % Difference in Fluid Cognitive Ability Scores by Age 

There is a 32.02% difference in the average working memory score between those 

younger than 55 and those older than 85. A similar result exists for numeracy, where 

average scores are 31.28% lower for the oldest respondents in comparison to the 

youngest respondents. The relationship between age and low level numeracy, captured by 

series 7 scores is negative, but not as strong. 
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Table 3.2 Cognitive Ability and Stock Reallocations by Age 
 
Variable <55 55 -59 60-64 65-69 70-74 75-79 80-84 
% w/ Degree 45.54 48.60 42.18 36.33 34.38 40.48 36.57 
Mean – Memory 6.62 6.55 6.54 6.19 5.87 5.57 5.03 
% Diff – Memory --- -1.06 -1.21 -6.5 -11.33 -15.86 -24.02 
Mean – Numeracy 1.79 1.79 1.73 1.73 1.57 1.52 1.49 
% Diff – Numeracy --- 0.00 -3.35 -3.35 -12.29 -15.28 -16.76 
Mean – Serial 7 4.20 4.31 4.29 4.19 4.25 4.19 4.11 
% Diff – Serial 7 --- 2.62 2.14 -0.24 1.19 -0.24 -2.14 
Mean Beg Stock % 67.74 67.37 65.07 67.42 67.79 67.02 66.70 
Mean Dep Var -11.23 -14.46 -10.85 -10.37 -9.38 -9.74 -12.45 

 
When looking at stock reallocations by age in Figure 3.3 we show what appears to 

be an insignificant relationship.  

 
 

Figure 3.3 % Difference in Fluid Cognitive Ability Scores by Age, with Actual % Δ 
minus Expected % Δ in Stocks as a % of the Portfolio Overlay 

 
Only at ages greater than 80 does it appear that age has a strong relationship with 

stock reallocations. This is consistent with the much lower levels of fluid ability at those 

ages. In Table 3.3 we look at stock reallocations by fluid ability. We show a strong 
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negative relationship that is almost identical between word recall and numeracy. This 

relationship is shown graphically in Figure 3.4.  

 
 

Figure 3.4 Actual % Δ – Expected % Δ in Stocks as a % of the Portfolio by Fluid 
Cognitive Ability 

 
For those with the highest levels of working memory the mean difference between 

actual and expected stock reallocations is -6.58%. This difference is much higher for the 

lowest levels of working memory at -18.36%. When comparing high and low levels of 

numeracy the median differences are -7.21% and -18.18% respectively. Evidence here 

indicates that fluid ability may be a much better predictor of reallocations than age alone. 

This is somewhat surprising given the strong relationship between cognitive ability and 

age shown in Figure 3.2, and likely indicates that effects related to age, such as 

experience and wealth, have an impact on stock reallocation decisions. 
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Table 3.3 Actual - Expected Difference by Fluid Cognitive Ability 
 

Variable 
Average Beginning 
Stock Percentage 

Median Actual – Expected 
Difference 

Below Average Working 
Memory 65.65 -18.36 
Average Working Memory 66.93 -11.41 
Above Average Working 
Memory 65.65 -6.58 
Low Numeracy 66.47 -18.18 
Some Numeracy 66.37 -11.41 
High Numeracy 67.25 -7.21 

 
In Table 3.4 we look at crosstabs on allocation decisions by respondent 

characteristics. Here we report the percentage of respondents that allocated their 

portfolios away from stocks between 2006 and 2008. We find a negative monotonic 

relationship between fluid ability and the percentage of respondents allocating away from 

stocks, consistent with what we show in Table 3.3 and Figure 3.3. When looking at our 

risk measures we see that lower levels of wealth are more strongly associated with 

allocations away from stocks than higher levels of wealth. This is consistent with 

expectations, as increased wealth is associated with increased ability to take risk. We also 

observe that those more willing to take risk, proxied by stocks as a percentage of overall 

wealth, have a larger percentage that allocate away from stocks than their counterparts. 

This and the percentage of respondents with defined benefit plans who allocated away 

from stocks is contradictory to expectations. Because defined benefit plans increase one’s 

general capacity to hold risky assets, we expect to see a lower percentage of defined 

benefit holders allocating away from stocks. This may indicate that individuals do not 

consider defined benefit plans when making portfolio allocation decisions, and therefore 

do not incorporate them into decisions to hold risky investments. It may also suggest that 
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defined benefit plan holders have less market experience on average and therefore are 

more prone to biases when making investment decisions. 

 When considering high versus low three and six month returns, there is little 

difference in the percentage of respondents allocating away from stocks. Planning 

horizon appears to impact stock reallocations, with those allocating away from stocks 

decreasing as planning horizon increases. Approximately 56% of those with a planning 

horizon of at least 5 years allocate away from stocks, while 62% with a planning horizon 

of less than 1 year allocate away. A smaller percentage of retired versus non-retired 

households allocate away from stocks. This may indicate a difference in the perceived 

time horizon related to the retirement goal between the two groups. A smaller percentage 

of male and white respondents allocate away from stocks when compared to females and 

those who are not white. 
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Table 3.4 Crosstabs on Allocation Decisions by Participant Characteristics 
 
Variable Allocations Away from Stocks  N 
Fluid Cognitive Ability 

  Below average word recall 64.08 529 
Average word recall 58.57 2170 
Above average word recall 54.35 506 
Low numeracy 63.84 484 
Some numeracy 58.74 2237 
High numeracy 54.13 484 
Risk Measures 

  High wealth 54.96 1603 
Low wealth 62.67 1602 
High stocks as a percent of wealth 62.01 1603 
Low stocks as a percent of wealth 55.62 1602 
Defined benefit plan 65.60 250 
No defined benefit plan 58.24 2955 
Recent Returns 

  Low 3 month returns 60.29 277 
High 3 month returns 58.67 2928 
Low 6 month returns 58.65 1630 
High 6 month returns  58.98 1575 
Demographics 

  ≤ 1 year 61.80 699 
The next few years 61.32 897 
≥ 5 years 56.12 1609 
Age < 60 61.40 702 
Age 60 to 69 57.06 1097 
Age 70 to 79 57.26 882 
Age ≥ 80 61.64 524 
Retired 56.13 1819 
Not retired 62.34 1386 
High income 57.45 1603 
Low income 60.17 1602 
Male 58.00 1462 
Female 59.50 1743 
White 58.00 3019 
Other than white 72.04 186 
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Multivariate Analysis 

 A binary logistic regression is used to measure the impact of the predictor 

variables on stock reallocations, where allocations away from stock of 50% or greater 

than expected is the dependent variable. The results are shown in Table 3.5. Fluid 

cognitive ability is significantly related to allocations away from stock. When compared 

to those with low working memory, respondents with average working memory are about 

30% less likely to allocate away from stocks, while respondents with high working 

memory are approximately 50% less likely to allocate away from stocks. Those with 

average and above average numeracy are 25% and 45% less likely to allocate away from 

stocks than those with below average numeracy. This is consistent with the prior findings 

that indicate numeracy and IQ as significant predictors of market participation and 

willingness to hold equities (Grinblatt, Keloharju, and Linnainmaa, 2012). It also 

supports findings that those with lower levels of cognitive ability are more subject to 

behavioral biases, such as loss aversion, and more willing to sell stocks at a loss (Bucher-

Koenen & Ziegelmeyer, 2011). 

 We also find some significance between our risk measures and the likelihood of 

allocating away from stocks. Those with higher levels of wealth are 48% less likely to 

allocate away from stocks than those with lower levels of wealth, evidence that those 

with higher levels of wealth recognize their increased ability to take risk in the financial 

marketplace. We also find a significant relationship between stocks as a percentage of 

wealth and allocations away from stocks. Those with higher levels of stock as a 

percentage of wealth are approximately 22% more likely to allocate away during the 

great recession. This could be evidence that these individuals are trying to minimize 
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losses and preserve their wealth. Alternatively, this may indicate that two decision 

making systems are at work within individuals, one that is neutral and takes into account 

long-term considerations and one that is impulsive when faced with risk. Because it takes 

effort to suppress the latter, those with lower levels of cognitive ability may be more 

prone to fear driven efforts to minimize risk (Shiv, Lowenstein, Bechara, Damasio, & 

Damasio, 2005).  

 We use three and six month S&P returns to proxy for the impact of market 

sentiment on stock trading between 2006 and 2008. We fail to show a significant 

relationship between three month and six month returns and stock reallocations. We do 

not believe this to be evidence that sentiment has no impact on stock reallocation 

decisions during the great recession. Rather, it appears that the effects of sentiment are 

pervasive, and would be difficult to carve out of return experiences at any time period. To 

illustrate this point we consider S&P returns in correspondence with 2008 interview 

dates. The 2008 surveys were administered from March 2008 through February 2009. For 

those interviewed in March 2008 the S&P 500 had already decreased by approximately 

15% from its October 2007 value. Between March 2008 and February 2009 the S&P 500 

fell another 44%. Approximately 60% of the sample decreased their stock allocations by 

more than expected. 10% of the sample reduced their stock allocations by 70% or more 

than expected, 25% reduced their allocations by at least 30%, and 40% reduced their 

stock allocations by 15% or more than expected. These things in combination provide 

evidence that investor sentiment did impact stock reallocations during the great recession.  
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Planning horizon is also found to be significantly related to the likelihood of 

allocating away from stocks. When comparing those with a planning horizon related to 

financial decisions of 1 year or less to those with a planning horizon covering the next 

few years there is no significant difference. However when we compare those with a 

short planning horizon to those with a planning horizon of at least 5 years, we find that 

those with a long planning horizon are 25% less likely to allocate away from stocks 

during the great recession. We also find that retired respondents are significantly less 

likely to allocate away from stocks than non-retired respondents. This may be indicative 

of a difference in perceived time horizon related to the retirement goal between the two 

groups. Those approaching retirement may frame the retirement goal to be short-term, 

with their retirement date being the target for completion. If this is the case those who are 

not retired may try to de-risk the portfolio during a negative financial event to preserve 

their goal. In contrary, those who are retired may view the retirement goal as long-term 

and recognize the need to maintain an appropriate allocation to equities to maximize their 

utility from wealth and support their long-term consumption needs. 
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Table 3.5 Binary Logistic Regression Results for Allocations Away from Stocks 
 

 
Away from Stocks (Odds Ratios) 

 Variable 
50% 

Robustness Checks 
Fluid Cognitive Ability 25% 75% 
Average word recall **0.712 *0.816 ***0.523 
Above average word recall ***0.495 *0.744 ***0.371 
Some numeracy *0.757 *0.805 0.771 
High numeracy **0.554 **0.641 *0.639 
Risk Measures    
High wealth ***0.515 ***0.629 ***0.384 
High stocks as a percent of wealth *1.224 1.033 ***1.662 
Defined benefit plan 0.983 1.053 0.738 
Recent Returns    
Low 3 month returns 1.127 *1.328 1.046 
Low 6 month returns 1.169 1.059 1.061 
Planning Horizon    
The next few years 0.993 1.005 0.916 
≥ 5 years *0.745 *0.794 **0.641 
Demographics    
Age 60 to 69 0.912 0.970 0.843 
Age 70 to 79 0.847 0.932 0.846 
Age ≥ 80 1.061 1.251 0.860 
Retired **0.700 ***0.667 *0.680 
High Income *0.799 *0.817 *0.722 
Male 1.079 1.007 1.151 
White ***0.570 ***0.605 **0.536 
*p < .05, **p < .01, *** p < .001   

 
Robustness Checks 
 
 To check for robustness, we run logistic regressions with 25% and 75% as the 

allocation away cutoffs. In all cases we find a significant negative relationship between 

fluid ability and the likelihood of allocating away from stocks. An interesting observation 

from this analysis is how cognitive ability is related to allocations away from stocks at 

varying levels. With 25% as the cutoff numeracy appears to be the more important 
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determinant of investor behavior. However, as the allocations away from stock get bigger 

we see the effect of working memory become more significant.  

 All other findings are consistent and support the findings of our original analysis. 

This is further confirmed by the results of an OLS regression, found in Table 3.6, used to 

measure the impact of the model factors on allocations away from stock measured as a 

linear variable.  

Table 3.6 OLS Regression Results for Stock Reallocations 
 

 Variable Estimate t Value 
Intercept ***-39.373 -10.20 
Fluid Cognitive Ability 

 
 

Average word recall ***5.943 3.18 
Above average word recall ***9.585 3.87 
Some numeracy **4.126 2.32 
High numeracy **6.314 2.54 
Risk Measures 

 
 

High wealth ***8.732 6.40 
High stocks as a percent of wealth ***-8.801 -6.74 
Defined benefit plan 0.111 0.04 
Recent Returns 

 
 

Low 3 month returns 1.122 0.49 
Low 6 month returns -1.792 -1.39 
Planning Horizon 

 
 

The next few years 0.924 0.50 
≥ 5 years **5.044 2.97 
Demographics 

 
 

Age 60 to 69 1.166 0.61 
Age 70 to 79 1.940 0.86 
Age ≥ 80 -0.732 -0.28 
Retired ***7.095 4.28 
High Income *2.601 1.79 
Male -0.705 -0.52 
White ***11.078 3.99 
Adj. R2 0.0523***, *p < .05, **p < .01, *** p < .001  
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Our final robustness test is included to address the varying levels of education 

among the cohorts in our sample. We show in Table 3.2 that the greatest variation in 

percentage of respondents with a college degree is found between respondents under 65 

and respondents over 85. The variation in the percentage of respondents with a college 

degree between the ages of 65 and 85 is relatively small. We use an OLS regression in 

Table 3.7 to measure the impact of the model factors on allocations away from stock with 

the sample limited to only those with a college degree. Despite the positive correlation 

between fluid ability and education, we still provide evidence that the level of cognitive 

ability is related to investors’ decisions to allocate away from stocks during the great 

recession.   
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Table 3.7 OLS Regression Results for Stock Reallocations, Censored to 
Respondents with a College Degree, n=1,262 

 
 Variable Estimate t Value 
Intercept ***-24.766 -3.95 
Fluid Cognitive Ability 

 
 

Average word recall 3.726 1.23 
Above average word recall **9.853 2.75 
Some numeracy 3.054 0.88 
High numeracy 4.149 1.07 
Risk Measures 

 
 

High wealth ***6.377 3.14 
High stocks as a percent of wealth ***-8.421 -4.43 
Defined benefit plan -3.857 -1.20 
Recent Returns 

 
 

Low 3 month returns 5.612 1.73 
Low 6 month returns 1.829 0.97 
Planning Horizon 

 
 

The next few years 2.591 0.90 
≥ 5 years 2.742 1.06 
Demographics 

 
 

Age 60 to 69 -3.095 -1.18 
Age 70 to 79 -2.522 -0.79 
Age ≥ 80 -3.231 -0.83 
Retired **5.582 2.34 
High Income 2.211 1.01 
Male -1.453 -0.73 
White *7.226 1.84 
Adj. R2 0.0523***, *p < .05, **p < .01, *** p < .001  

 
Conclusions and Implications 

We look specifically at the stock reallocation decisions of older investors during 

the great recession. By evaluating these decisions during a negative event we observe 

investor behavior when financial decisions are further complicated by loss aversion and 

other behavioral biases. We provide evidence that older households are subject to lower 

levels of fluid cognitive ability. We also find that fluid ability is significantly related to 
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allocations away from stock during the great recession. However, we do not show a 

significant relationship between increased age and allocations away from stock. This 

suggests that where fluid ability is absent, regardless of age, investors may be prone to 

engage in behavior that is suboptimal when compared to the rational norm.  

 Despite the absence of a significant relationship between sentiment and 

allocations away from stock during the great recession, the number of respondents that 

allocated away from stock and the levels at which they did so is evidence that sentiment 

was low and that it had an impact on investor behavior. Loss aversion and sentiment are 

closely related during a negative event as they both shift investor focus to recent poor 

performance and lead to trading and reallocations motivated by a desire to minimize the 

effects of current period losses. Although not directly tested in this study, it is likely that 

investors with low fluid cognitive ability are more prone to the effects of sentiment, as 

sentiment reflects beliefs about future investment risks and returns not justified by 

available information. An inability to use reason in the absence of information, or the 

inability to acquire and effectively use information both indicate cognitive deficiencies 

that likely lead to low sentiment, increased loss aversion, and suboptimal investment 

behavior during the great recession.  Because sentiment drives markets away from their 

intrinsic values, loss averse investors engaging in portfolio reallocations motivated by 

recent returns face reversals in future investment performance that are detrimental to their 

long-term portfolio returns and overall wealth. 

  

75 
 



Texas Tech University, Christopher Browning, December 2013 
 

References 

Agarwal, S., Driscoll, J., Gabaix, X., & Laibson, D. (2008, May). The age of reason: 
Financial decisions over the lifecycle. In American Law & Economics Association 
Annual Meetings (p. 97). bepress. 

 
Agarwal, S., & Mazumder, B. (2013). Cognitive abilities and household financial 

decision making. American Economic Journal: Applied Economics, 5(1),  
193-207. 

 
Anderson, L. R., & Mellor, J. M. (2009). Are risk preferences stable? Comparing an 

experimental measure with a validated survey-based measure. Journal of Risk and 
Uncertainty, 39(2), 137-160. 

 
Ando, A., & Modigliani, F. (1963). The" life cycle" hypothesis of saving: Aggregate 

implications and tests. The American Economic Review, 53(1), 55-84. 
 
Anstey, K., Stankov, L., & Lord, S. (1993). Primary aging, secondary aging, and 

intelligence. Psychology and Aging, 8(4), 562. 
 
Baker, M., & Wurgler, J. (2007). Investor sentiment in the stock market. 
 
Benartzi, S., & Thaler, R.H. (1995). Myopic loss aversion and the equity premium 

puzzle. The Quarterly Journal of Economics, 110(1), 73-92. 
 
Barber, B. M., & Odean, T. (2008). All that glitters: The effect of attention and news on 

The buying behavior of individual and institutional investors. Review of Financial 
Studies, 21(2), 785-818. 

 
Basu, S. (1977). Investment performance of common stocks in relation to their 

price‐earnings ratios: A test of the efficient market hypothesis. The Journal of 
Finance, 32(3), 663-682. 

 
Benjamin, D., Brown, S., & Shapiro, J. (2005). Who is' Behavioral'? Cognitive Ability 

and Anomalous Preferences. Cognitive Ability and Anomalous Preferences  
(May 5, 2006). 

 
Ben-Rephael, A., Kandel, S., & Wohl, A. (2012). Measuring investor sentiment with 

mutual fund flows. Journal of Financial Economics, 104(2), 363-382. 
 
Bodie, Z., Merton, R. C., & Samuelson, W. F. (1992). Labor supply flexibility and 

portfolio choice in a life cycle model. Journal of economic dynamics and control, 
16(3), 427-449. 

 
  

76 
 



Texas Tech University, Christopher Browning, December 2013 
 

Bucher-Koenen, T., & Ziegelmeyer, M. (2011). Who lost the most? Financial literacy, 
cognitive abilities, and the financial crisis. 

 
Caplin, A., & Leahy, J. (2001). Psychological expected utility theory and anticipatory 

feelings. The Quarterly Journal of Economics, 116(1), 55-79. 
 
Cattell, R.B. (1971). Abilities: Their structure, growth, and action. Boston: Houghton 

Mifflin. 
 
Cattell, R. B. (1987). Intelligence: Its Structure, Growth and Action: Its Structure, 

Growth and Action. Elsevier. 
 

Christelis, D., Jappelli, T., & Padula, M. (2010). Cognitive abilities and portfolio choice. 
European Economic Review, 54(1), 18-38. 

 
Cole, S., & Shastry, G. (2009). Smart money: The effect of education, cognitive ability, 

and financial literacy on financial market participation. Harvard Business School 
Finance Working Paper, (09-071). 

 
DeBondt, W. P. (1993). Betting on trends: Intuitive forecasts of financial risk and return. 

International Journal of forecasting, 9(3), 355-371. 
 
DeBondt, W. F., & Thaler, R. (1985). Does the stock market overreact?. The Journal of 

Finance, 40(3), 793-805. 
 
Dohmen, T., Falk, A., Huffman, D., Sunde, U., Schupp, J., & Wagner, G. G. (2011). 

Individual risk attitudes: Measurement, determinants, and behavioral 
consequences. Journal of the European Economic Association, 9(3), 522-550. 

 
Fischer, R., & Gerhardt, R. (2007, August). Investment mistakes of individual investors 

and the impact of financial advice. In 20th Australasian Finance & Banking 
Conference. 

 
Frazzini, A., & Lamont, O. A. (2008). Dumb money: Mutual fund flows and the cross 

section of stock returns. Journal of Financial Economics, 88(2), 299-322. 
 
Frederick, S. (2005). Cognitive reflection and decision making. The Journal of Economic 

Perspectives, 19(4), 25-42. 
 
Friesen, G. C., & Sapp, T. R. (2007). Mutual fund flows and investor returns: An 

empirical examination of fund investor timing ability. Journal of Banking & 
Finance, 31(9), 2796-2816. 

 
  

77 
 



Texas Tech University, Christopher Browning, December 2013 
 

Grinblatt, M., Keloharju, M., & Linnainmaa, J. T. (2012). IQ, trading behavior, and 
performance. Journal of Financial Economics, 104(2), 339-362. 

 
Hertwig, R., Barron, G., Weber, E. U., & Erev, I. (2004). Decisions from experience and 

the effect of rare events in risky choice. Psychological Science, 15(8), 534-539. 
 
Hoffmann, A. O., Post, T., & Pennings, J. M. (2012). Individual investor perceptions and 

behavior during the financial crisis. Journal of Banking & Finance. 
 
Investment Company Institute (2012). Ownership of mutual funds, shareholder 

sentiment, and use of the internet, 2012. ICI Research Perspective, 18(6). 
 
Ippolito, R. A. (1992). Consumer reaction to measures of poor quality: Evidence from the 

mutual fund industry. Journal of law and Economics, 35(1), 45-70. 
 

Kahneman, D., & Tversky, A. (1972). Subjective probability: A judgment of 
representativeness. Cognitive psychology, 3(3), 430-454. 

 
Kahneman, D., & Tversky, A. (1979). Prospect theory: An analysis of decision under 

risk. Econometrica: Journal of the Econometric Society, 263-291. 
 
Kahneman, D., & Tversky, A. (1982). Variants of uncertainty. Cognition, 11(2), 143-157. 
 
Korniotis, G. M., & Kumar, A. (2011). Do older investors make better investment 

decisions?. The Review of Economics and Statistics, 93(1), 244-265. 
 
Malmendier, U., & Nagel, S. (2011). Depression babies: Do macroeconomic 

experiences affect risk taking?. The Quarterly Journal of Economics, 126(1),  
373-416. 

 
Markowitz, H. (1952). Portfolio selection. The journal of finance, 7(1), 77-91. 
 
Maymin, P. Z., & Fisher, G. S. (2011). Past performance is indicative of future beliefs. 

Risk and Decision Analysis, 2(3), 145-150. 
 
Nisbett, R. E., & Ross, L. (1980). Human inference: Strategies and shortcomings of 

Social judgment (p. 167). Englewood Cliffs, NJ: Prentice-Hall. 
 
Postlethwaite, B.E. (2011). Fluid ability, crystallized ability, and performance across 

multiple domains: a meta-analysis. 
 
Salthouse, T. (2005). Effects of aging on reasoning. 
 
  

78 
 



Texas Tech University, Christopher Browning, December 2013 
 

Salthouse, T. (2010). Executive Functioning. In D.C. Park & N. Schwarz (Eds.), 
Cognitive Aging: A Primer, 2nd edition. Psychology Press. 

 
Shiv, B., Lowenstein, G., Bechara, A., Damasio, H., & Damasio, A.R. (2005). Investment 
 Behavior and the negative side of emotion. Psychological Science, 16(6),  

435-439. 
 
Sirri, E. R., & Tufano, P. (1998). Costly search and mutual fund flows. The journal of 

finance, 53(5), 1589-1622. 
 
Slovic, P., Finucane, M., Peters, E., & MacGregor, D. G. (2002). Rational actors or 

rational fools: Implications of the affect heuristic for behavioral economics. 
Journal of Socio-economics, 31(4), 329-342. 

 
Standard and Poors (2012). S&P equities indices: A directory. Retrieved from 

http://us.spindices.com/documents/additional-material/  
 

Weber, E., Bockenholt, U., Hilton, D., & Wallace, B. (1993). Determinants of diagnostic 
hypothesis generation: Effects of information, base rates, and experience. Journal 
of Experimental Psychology: Learning, Memory, and Cognition, 19(5),  
1151-1164. 

 
Yuan, Y. (2011). Attention and trading. Available at SSRN 1105532. 
 

 
 

  

 

 

79 
 



Texas Tech University, Christopher Browning, December 2013 
 

APPENDIX A 

DEPENDENT VARIABLE CALCULATION (ACTUAL % ∆ - EXPECTED % ∆ 
IN PORTFOLIO ALLOCATIONS TO STOCKS, 2006-2008) 

The following example is used to outline how the dependent variable is calculated in the 
study: Assume an individual has financial wealth in 2006 equal to $100 and that the $100 
is allocated 70% stocks and 30% bonds/cash in an investment portfolio. Also assume that 
the individual’s financial wealth is 50% stocks and 50% bonds/cash in 2008 and that the 
cumulative S&P returns experienced between 2006 and 2008 are -40%, and the 
bond/cash returns are 4% per year.  

Actual % ∆ = 2008 stock % - 2006 stock %  

From example = 50% - 70% = -20% 

Expected % ∆ = 2008 expected stock %1 - 2006 stock % 

From example = 56.4% - 70% = -13.6% 

12008 expected stock % = expected value of stocks in 2008/expected value of portfolio in 
2008 

From Example =  

1. $100*.7 = $70 (value of stocks in 2006) 
2. $70*(1-.4) = $42 (expected value of stocks in 2008) 
3. $100*.3 =  $30 (value of bonds/cash in 2006) 
4. $30*1.042 = $32.45 (expected value of bonds cash in 2008) 
5. $42 + $32.45 = 74.45 (expected value of portfolio in 2008) 
6. $42/74.45 = 56.4% (2008 expected stock %) 

Actual % ∆ - Expected % ∆ (from example) = -20% - (-13.6%) = -6.4% 

Negative numbers represent allocations away from stock between 2006 and 2008 in 
amounts greater than what can be explained by market returns.  
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CHAPTER IV 

COGNITIVE ABILITY AND POST-RETIREMENT ASSET DECUMULATION 

Introduction 

In retirement planning, much attention is given to asset accumulation and its 

impact on retirement outcomes. While determining valid assumptions for income growth 

and market returns, selecting an appropriate portfolio allocation, and choosing 

investments are difficult tasks, the complexity associated with asset decumulation is 

equally daunting and relevant to the success of achieving retirement goals. In addition to 

considering the factors associated with successful accumulation, uncertainties such as 

life-span, medical costs, long-term care needs, taxation, and transfers influence 

decumulation decisions.  

There is evidence that retirees are decumulating their assets very slowly or not at 

all. This behavior does not follow the normative framework of the life-cycle hypothesis 

(LCH).  Decumulating in a manner that maximizes expected utility is a complex process 

that requires the estimation and input of multiple factors when analyzing consumption 

alternatives. As a result, the decumulation decisions of retirees may be impacted by their 

cognitive ability. Evidence suggests that cognitive ability is relevant to financial 

decisions and that the presence or absence of cognitive ability is important when 

considering choices in combination across multiple time periods. Since there is an 

increasing consensus in the cognitive aging literature of a negative relationship between 

cognitive ability and age (Salthouse, 2005), asset decumulation decisions may be affected 

as retirees face age-related cognitive impairments. 
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We hypothesize that both life-cycle factors and cognitive ability are relevant to 

asset decumulation decisions within our sample. In addition, we hypothesize that the 

level of cognitive ability is important to the estimation and use of uncertain life-cycle 

factors such as life expectancy, future market performance, and medical costs, when 

determining consumption in each period. We find that both life-cycle factors and 

cognitive ability are significant predictors of the rate of asset decumulation, and that 

those with higher levels or cognitive ability are decumulating at a significantly higher 

rate. We also show that the level of cognitive ability influences the effects of expected 

longevity, market returns, and medical costs. While the estimates for these factors are 

consistent between those with high and low cognitive ability, there are significant 

differences in how the estimates are incorporated into the asset decumulation decisions of 

the two groups.  

Literature Review 

The Life Cycle Hypothesis (LCH) and Asset Decumulation 

The life-cycle hypothesis predicts that in the absence of labor income retirees will 

begin to decumulate their financial assets in an attempt to smooth the marginal utility 

from consumption over time (Ando & Modigliani, 1963). Consumption in each period of 

retirement is a function of expected longevity, investment returns, medical shocks, Social 

Security benefits, and pension benefits. Factors that are certain, such as pension benefits, 

can be easily identified, estimated, and incorporated into decumulation decisions. Other 

factors such as expected longevity, investment returns, and medical shocks are less 

certain and are the product of retirees’ expectations for the future. Under the life-cycle 
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hypothesis retirees are assumed to be rational when estimating uncertainties and capable 

of incorporating them effectively into decumulation decisions. 

Uncertain Factors Influencing Asset Decumulation Decisions 

Optimal consumption in each retirement period will vary dependent on the 

expected likelihood and magnitude of uncertain events. If a retiree has a long life 

expectancy he may choose a low rate of decumulation to minimize the risk of outliving 

his resources. Because age and life expectancy are negatively related, younger retirees 

may rationally decumulate at a slower rate than older retirees. Retirees with a long life 

expectancy who have no annuitized wealth may also decumulate slower as they face 

greater exposure to longevity risk (Davies, 1981). Married households must consider 

joint survivorship when incorporating expected longevity estimates into asset 

decumulation decisions. Because the likelihood of living to an advanced age is higher 

when considering two people, married households are expected to decumulate at a slower 

rate than single households.  

The estimated cost and likelihood of health shocks are also expected to impact the 

rate of asset decumulation. Retirees in poor health or with a family history of medical 

issues may choose a low rate of asset decumulation to ensure the availability of resources 

to cover future medical expenses. While health shocks are expensive they may also 

decrease life expectancy, potentially causing the rate of decumulation to increase as 

expected longevity decreases. Just as annuitization minimizes longevity risk, health 

insurance can be used as a hedge against health shocks. Even if the likelihood of a shock 
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is high, proper health insurance coverage can help ensure higher rates of consumption 

from retirement assets.   

Anticipated investment returns will also influence how retirees decumulate. Under 

modern portfolio theory rational investors have stable risk preferences, incorporate all 

available historical data when forming beliefs about risky outcomes, and allocate their 

investment portfolio based on their level of risk tolerance. As a result risk perceptions 

and return expectations should be driven by asset allocation, not recent experiences and 

short-run market performance. Retirees whose portfolios are allocated more heavily 

towards risky assets will expect higher future returns and may choose higher rates of 

consumption, while those with less risky allocations will expect lower investment returns 

and may choose to consume more conservatively. Just as those with riskier portfolio 

allocations are more tolerant to return volatility, they are also more willing to accept 

consumption volatility in pursuit of higher levels of consumption and overall lifetime 

utility from wealth (Hanna, Fan, & Chang, 2005; Bodie, Treussard, & Willen, 2007). 

Evidence on Asset Decumulation in Retirement 

 Studies on asset decumulation in retirement show that retirees are dissaving their 

accumulated wealth very slowly or not at all (Mirer, 1979; Bernheim, 1987; Rix, 2000; 

Smith & Love, 2007). In a study analyzing the decumulation decisions of young and old 

retirees, Rix (2000) finds that the financial wealth of young retirees stays relatively flat 

over a nine year period while the financial wealth of old retirees increases. Similarly, 

Smith and Love (2007) show that while the value of retirees’ defined contribution plans 

and IRAs decreases between 1998 and 2004, the value of financial assets on the whole 
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increases. This is evidence that retirees are taking distributions from retirement accounts, 

likely as a result of the required minimum distribution rules, and reinvesting them in 

other assets.  

  A variety of factors have been modeled to explain the lack of asset decumulation 

among retired households. Davies (1981) and De Nardi, French, & Jones, (2009a) argue 

that uncertain life expectancies are sufficient to explain the lack of decumulation among 

the elderly. Others pose bequest motives as a justification for the lack of wealth 

decumulation in retirement. Studies using survey data to model bequest motives as an 

explanatory predictor of asset decumulation find little evidence that bequest motives are 

strong or relevant to dissaving decisions, which is consistent with the LCH (Hurd, 1987; 

Hard, 2003; De Nardi, French, & Jones, 2009b). These studies show that the marginal 

utility from consumption is much higher than the marginal utility from bequests and 

attribute the existence of bequests among survey participants to uncertain longevity and 

medical costs. Findings that uncertainties have a material effect on decumulation 

decisions call to question the ability of retirees to estimate the likelihood of uncertainties 

and incorporate them into a complex decision framework.   

Why Cognitive Ability Matters 

 Cognitive ability is a fundamental factor of financial decision making (Benjamin, 

Brown, & Shapiro, 2005; Frederick, 2005; Cole & Shastry, 2009; Christelis, Jappelli, & 

Padula, 2010; Bucher-Koenen & Ziegelmeyer, 2011; Korniotis & Kumar, 2011). There is 

strong evidence that fluid cognitive function, the ability to use logic and reason without 

regards to acquired knowledge, decreases significantly over one’s lifetime (Cattell, 1987; 
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Salthouse, 2005; Agarwal, Driscoll, Gabaix, & Laibson, 2008). Fluid function has been 

shown to decrease as much as 1% per year from age 20 to 80, with declines attributable 

to cohort effects, normal aging effects, and dementia.  

The fluid functions most affected by normal aging are attention and working 

memory (Glisky, 2007). Attention takes on a variety of forms and affects almost all 

cognitive domains. Impairments in attention are shown to affect one’s ability to identify 

and process relevant information in the decision making process (McDowd, 1988; 

McDowd, 2000). The two most common forms of attention related to decision making 

are selective and divided attention. Selective attention refers to one’s ability to focus on 

relevant information and disregard information that is irrelevant to the decision or task 

(Glisky, 2007). This type of ability is important when retirees are engaging in asset 

decumulation decisions. A number of the factors that must be estimated to decumulate 

according to the life-cycle hypothesis require a certain level of selective attention. Take 

market return expectations as an example. People are faced with an overwhelming 

amount of information from a variety of sources on short-run market performance. For 

retirees to decumulate successfully, they must select the information that is relevant to the 

goal, if any, and disregard information that is not.  

Divided attention is related to the ability to process two or more pieces of 

information at the same time. Even if retirees are capable of selecting only relevant 

information, decrements in divided attention may limit the ability to decumulate assets 

effectively. Working memory, the ability to maintain and manipulate information held in 

short-term memory, is thought to be directly related to divided attention (Glisky, 2007). 
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The ability to identify, store, integrate, and reorganize relevant information is extremely 

important to asset decumulation as individuals must consider a broad range of factors and 

how those factors work together to make effective decisions. There is evidence that older 

adults have less ability to divide their attention than younger adults, especially when the 

task is complex (Tsang, 1998).  

Because the decision making process requires a broad range of cognitive abilities, 

decreases in executive control have been hypothesized to explain age-related cognitive 

impairments. Executive control plays a key role in the allocation of attention, the 

restriction of irrelevant information from working memory, and the retrieval and 

manipulation of information to solve problems. The effective use of executive control is 

thought to be most important when engaging in tasks that are unfamiliar and complex. 

Deficits in the cognitive abilities described above may limit executive control and one’s 

ability to make optimal decisions.   

Numeracy is one’s ability to apply reason to mathematical concepts. Asset 

decumulation decisions require complex intertemporal quantitative calculations. At a 

minimum, consumption in each retirement period is determined by income, asset returns, 

and survival probabilities. Effective decumulation requires that retirees have reasonable 

expectations for these inputs and the ability to use them effectively in a mathematical 

calculation. Numeracy has been found to be an important aspect of financial decisions, 

with indications that greater math ability is positively associated with the quality of 

financial decisions (Lusardi, 2008; Lusardi & Mitchell, 2011). This is especially 
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important when financial decisions include an element of time tradeoff, as with asset 

decumulation (Agarwal & Mazumder, 2013).  

Methods 

Data 

This study uses the Health and Retirement Study (HRS) to evaluate the impact of 

life-cycle factors and cognitive ability on the asset decumulation decisions of retirees. In 

addition to the HRS core survey, the RAND CAMS data on consumption is used to 

improve the accuracy of the asset decumulation measure. The HRS, a nationally 

representative longitudinal data set of Americans age 50 and older, has been administered 

by the University of Michigan on a biennial basis since 1992 and is supported by the 

National Institute on Aging and the Social Security Administration. 

Sample 

 The sample is made up of retired individuals with complete responses to the life-

cycle and cognitive ability variables. In addition, the sample is limited to those with 

complete consumption data in the RAND CAMS files. To reduce the impact of extreme 

observations within the dependent variable individuals who increased or decreased their 

financial assets by greater than 100% were also censored from the sample. The sample 

consists of 908 respondents. 

Conceptual Model 

To test the research question we propose the following conceptual model: 

Asset Decumulation = f(life-cycle factors, cognitive ability, demographics) 
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 We hypothesize that cognitive ability and the life-cycle factors theoretically 

related to asset decumulation in retirement will be predictors of the dependent variable. In 

addition, because the life-cycle factors must be estimated in some cases and considered in 

combination to solve a complex problem, we hypothesize that the effect of the life-cycle 

factors will be impacted by the level of cognitive ability. To test the first hypothesis, we 

run an ordinary least squares (OLS) regression, including all predictor variables, on the 

whole sample. To test the second hypothesis, we split the sample by level of cognitive 

ability and run separate OLS regressions for each group. This allows us to evaluate how 

cognitive ability influences the effect of the life-cycle factors on asset decumulation 

decisions.    

Dependent Variable 

 Asset decumulation is measured as the percentage of financial assets consumed in 

2008. To calculate the dependent variable we first calculate net consumption. Net 

consumption is 2008 consumption minus 2008 income. A positive number represents 

consumption greater than income, which represents decumulation. To determine the rate 

of asset decumulation, net consumption is divided by 2008 beginning financial assets. 

Because financial assets are reported at the date of the survey and income and 

consumption are a result of past transactions, net consumption is added back to the 

reported financial assets to calculate beginning financial assets.  
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Independent Variables 

Life-Cycle Factors 

The life-cycle factors included in the study are life expectancy, the likelihood of 

high medical costs, market return expectations, the existence of a defined benefit plan or 

annuity, age, and marital status. Life expectancy is measured as a continuous variable to 

capture the general effect of higher versus lower longevity estimates on asset 

decumulation decisions. Expectations for high medical costs are estimated using 

responses to a question that asks the likelihood of spending all savings on medical care in 

the next 5 years. Respondents with estimates above the median of 20% are treated as 

having high expected medical costs and respondents with estimates below the median are 

treated as having low expected medical costs. The question used to measure return 

expectations asks respondents whether or not market returns will be up or down in the 

next year and by how much. When asked by how much respondents are given chooses 

between -40 and 40% in 10% increments. Those who expect returns less than -20% are 

considered pessimistic, those who expect returns between -20% and 20% are considered 

to be neutral, and those who expect returns above 20% are considered to be optimistic. 

Pre-existing annuitization is measured as a binary variable, where those who have a 

defined benefit plan or annuity are coded as 1 and those who do not are coded as 0. Age 

is measured as a continuous variable and marital status is measured as binary variable, 

where married households receive a response of 1.  
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Cognitive Ability  

When measuring cognitive ability we consider fluid cognitive function. Fluid 

ability is important when solving complex unstructured problems, and has a strong 

negative relationship with age (Salthouse, 2005; Salthouse, 2010). Here we proxy for 

fluid ability by evaluating the working memory and numeracy of respondents.  

We proxy for working memory by looking at the total word recall variable 

available in the HRS. Total word recall scores are the sum of the immediate and delayed 

word recall scores. To determine immediate word recall scores respondents are given a 

list of 10 words and immediately asked to recall as many words from the list as possible. 

For each word correctly recalled the respondent is given a point, resulting in immediate 

word recall scores that range from 0-10. After approximately five minutes respondents 

are asked again to recall as many words from the list as possible. The number of words 

correctly recalled becomes the delayed word recall score, with scores ranging from 0-10. 

Total word recall scores range from 0-20. Respondents in the top quartile of total word 

recall scores, above 12, are coded 1 and considered to have high cognitive ability.  

To determine numeracy we consider responses to the following questions. . 

If the chance of getting a disease is 10 percent, how many people out of 1,000 would 
be expected to get the disease? 
 
If 5 people all have the winning numbers in the lottery and the prize is two million 
dollars, how much will each of them get? 
 
Let's say you have $200 in a savings account. The account earns 10% interest per 
year. How much would you have in the account at the end of two years? 
 

Only respondents who answer the first two questions correctly are asked the third 

question. For each correct response the respondent is given a point, resulting in numeracy 
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scores that range from 0 to 3. Respondents with numeracy scores of 2 or higher are 

considered to have high numeracy.  

Demographics 

Beginning financial assets are calculated by adding net consumption to the 

financial assets reported by respondents in the 2008 survey. Because beginning financial 

assets are the denominator in our dependent variable we recognize that the rate of 

decumulation may in part be a function of the level of assets. We include beginning 

financial assets in our model to control for this relationship. Race is also included as a 

demographic variable to control for variation in financial behavior across ethnic groups.  

Results 

Univariate Analysis 

 The descriptive statistics on the dependent variable are shown in Table 4.1. 

Retirees on average did not decumulate from their financial assets in 2008. This is 

consistent with prior literature on asset decumulation. The mean and median 

decumulation for the sample are negative 5.12% and negative 14.72% respectively, with 

negative numbers indicating accumulation rather than decumulation.  
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Table 4.1 Descriptive Statistics for the Total Sample (N = 908) 
 
Variable Min Max Md M SD 
Dependent Variable 

     % Financial Assets Consumed in 2008 -100 100 -5.12 -14.72 33.68 
Fluid Cognitive Ability 

     Cognitive Ability – Total Word Recall 0.00 20.00 10.00 9.94 3.14 
Cognitive Ability – Numeracy 0.00 3.00 1.00 1.36 0.88 
Life-Cycle Factors 

     Life Expectancy – Live next 10-15 years 0.00 100.00 50.00 49.76 31.33 
Spend all savings on medical in 5 years 0.00 100.00 20.00 28.17 27.92 
Age 53.00 89.00 72.00 73.09 7.06 
Demographics 

     Beginning Financial Assets – in 1,000’s 0.072 60,005.9 161.1 461.3 2,314.4 

 
Count            %       

Fluid Cognitive Ability 
     Less than High Word Recall 729 80.29 

   High Word Recall 179 19.71 
   Less than High Numeracy 502 55.29 
   High Numeracy 406 44.71 
   Life-Cycle Factors 

     Low % of medical shock – ≤ median 487 53.63 
   High % medical shock - > median 421 46.37 
   Pessimistic about next year’s returns 243 26.76 
   Neutral about next year’s returns 450 49.56 
   Optimistic about next year’s returns 215 23.68 
   No Annuitization 777 85.57 
   Pre-existing Annuitization 131 14.43 
   Not Married 434 47.80 
   Married 474 52.20 
   Demographics 

     Race – not white 117 12.89 
   Race - white 791 87.11 
    

 The average age of the sample is 72 and the average reported likelihood of living 

for the next 10 to 15 years is 50%. According to the National Vital Statistics Reports 

(2012) the probability of someone who is 72 living for the next 10 years is approximately 
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60% and the probability of living for the next 15 years is approximately 40%. As such, an 

average estimate of 50% suggests reasonable estimates of life expectancy among the 

sample. The median estimated likelihood of spending one’s entire savings on medical 

costs over the next 5 years is 20%. When looking at the characteristics within the above 

and below the median groups we find only small differences in average age, income, and 

financial assets as we move away from the median. For example, those who estimate a 

25% likelihood of high medical costs and those who estimate a 50% likelihood of high 

medical cost have similar characteristics on average.  However, when comparing the age, 

income, and financial assets of the above and below groups against each other we find 

notable differences in average income and financial assets. Expectations for future returns 

are normally distributed, with approximately 24% expecting returns above 20% in the 

next year, 26% expecting returns below -20% in the next year, and 50% expecting returns 

somewhere in the middle. The distribution of return expectations is interesting 

considering that the survey was administered in the midst of the great recession. Only 

14.43% of the sample has pre-existing annuitization in the form of defined benefit plans 

or individual annuities. This to some extent exemplifies the importance of understanding 

the asset decumulation decisions of retirees, as the majority of the sample is fully 

responsible for determining appropriate draw down strategies and faces high exposure to 

longevity risk.   

 In Table 4.2 we sort the sample by high and low working memory to evaluate 

differences in characteristics between the two groups. Both groups on average appear to 

be saving rather than dissaving, with the lower working memory group accumulating at a 
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much higher rate. This is somewhat surprising given that the average age in the low 

group is 74, almost 4.5 years older than the average age in the high group.  

Table 4.2 Descriptive Statistics by Working Memory 
 

 

High Working 
Memory 

< High Working 
Memory 

Variable Mean Mean 
Dependent Variable 

  % Financial Assets Consumed in 2008 -.0862 -.1633 
Fluid Cognitive Ability 

  Cognitive Ability – Total Word Recall 14.37 8.84 
Cognitive Ability – Numeracy 1.68 1.28 
Life-Cycle Factors 

  Life Expectancy – % chance live next 10-15 years 55.04 48.46 
Age 69.58 73.94 
% change spend all savings on medical in 5 years 25.35 28.86 
Demographics 

  Beginning Financial Assets in $ 560,581 435,062 

 
% % 

Life-Cycle Factors 
  Low % of medical shock – ≤ median 60.89 51.85 

High % medical shock - > median 39.11 48.15 
Pessimistic about next year’s returns 26.82 26.75 
Neutral about next year’s returns 49.16 49.66 
Optimistic about next year’s returns 24.02 23.59 
No Annuitization 88.27 84.91 
Pre-existing Annuitization 11.73 15.09 
Not Married 48.04 47.74 
Married 51.96 52.26 
Demographics 

  Race – not white 11.17 13.31 
Race - white 88.83 86.69 

 
 The average working memory and numeracy skills are quite different between the 

two groups. The average word recall and numeracy scores in the high group are 14.37 

and 1.68 respectively, while the average word recall and numeracy scores in the low 
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group are 8.84 and 1.28 respectively. The expected probability of living for the next 10 to 

15 years is higher in the high group than in the low group. This is consistent with the fact 

that the low group is on average older. Both groups estimate probabilities within the 

range suggested by 2008 Life Tables reported in the National Vital Statistics Report 

(2012). A much bigger percentage in the low word recall group has high estimates for the 

likelihood of large medical costs in the near future. This may be an indicator that this 

group is already experiencing high medical costs. It may also suggest that this group 

overestimates the likelihood of having high medical costs, an assumption that could be 

contributing to their lack of decumulation. The return expectations between the two 

groups are almost identical. 

 In Table 4.3 we sort the sample by high and low numeracy to evaluate differences 

in charactertics between the two groups. The results are quite consistent with what is 

presented in Table 4.2. This is expected as numeracy skills require some of the same fluid 

abilities as working memory, namely divided attention.  
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Table 4.3 Descriptive Statistics by Numeracy 
 

 

High 
Numeracy 

< High 
Numeracy 

Variable Mean Mean 
Dependent Variable 

  % Financial Assets Consumed in 2008 -.0809 -.1603 
Fluid Cognitive Ability 

  Cognitive Ability – Total Word Recall 12.69 9.32 
Cognitive Ability – Numeracy 2.21 0.68 
Life-Cycle Factors 

  Life Expectancy – % chance live next 10-15 years 49.29 50.14 
Age 72.74 73.37 
% change spend all savings on medical in 5 years 22.48 32.77 
Demographics 

  Beginning Financial Assets in $ 487,186 425,996 

 
% % 

Life-Cycle Factors 
  Low % of medical shock – ≤ median 64.10 49.09 

High % medical shock - > median 35.90 50.91 
Pessimistic about next year’s returns 27.13 25.71 
Neutral about next year’s returns 48.67 51.17 
Optimistic about next year’s returns 24.20 23.12 
No Annuitization 84.84 84.68 
Pre-existing Annuitization 15.16 15.32 
Not Married 39.36 46.75 
Married 60.64 53.25 
Demographics 

  Race – not white 4.79 14.29 
Race - white 95.21 85.71 
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Multivariate Analysis 

We use OLS regression to test the impact of life-cycle factors, cognitive ability, 

and demographics on the asset decumulation decisions of retirees in the HRS. The results 

are shown in Table 4.4. Consistent with the descriptive statistics, we find that high 

cognitive ability leads to significantly higher rates of consumption in relation to financial 

assets. Holding all else constant, the percentage of beginning assets consumed by those 

with high cognitive abilities is approximately 9% higher than those with lower cognitive 

abilities. We also find that life expectancy estimates are significantly related to 

decumulation. For every percent increase in the estimated likelihood of living for the next 

10 to 15 years the average change in mean decumulation decreases by approximately 

.1%. Married households are also decumulating more slowly, which may be an indication 

of the consideration of joint survivorship when making consumption decisions. These 

results are consistent with the LCH where we expect those with higher life expectancies 

to decumulate at a lower rate.  
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Table 4.4 OLS Regression Results for Asset Decumulation (n=908) 
 

 Variable Estimate Standard Error 
Fluid Cognitive Ability 

 
 

High working memory ***0.0869 0.0268 
High numeracy ***0.0929 0.0214 
Life-Cycle Factors 

 
 

Life expectancy ***-0.0011 0.0003 
High expected medical costs **0.0553 0.0210 
Pessimistic return expectations -0.0359 0.0246 
Optimistic return expectations *0.0537 0.0257 
Pre-existing annuitization *-0.0595 0.0294 
Age **-0.0041 0.0016 
Married ***-0.1393 0.0294 
Demographics 

 
 

Beginning financial assets -8.73E-09 4.84E-09 
Race - white ***0.2817 0.0323 
Adj. R2 0.2072***, *p < .05, **p < .01, *** p < .001  

 
 We find that the percentage of beginning assets consumed by those who expect to 

spend all of their savings on medical costs in the next 5 years is approximately 5.5% 

higher than those who do not. Under the LCH we predict these individuals to restrict their 

spending in anticipation of high medical expenses. However, if these individuals 

associate the likelihood of high medical costs with a shorter time horizon due to 

decreased longevity they may choose to increase consumption in pursuit of greater utility. 

An alternate explanation may be that these individuals are already incurring significant 

medical costs that they expect to persist.  

 Those with some form of annuitized wealth are decumulating less on average than 

those without. This is somewhat unexpected, as annuitization decreases longevity risk 

and in turn the risk of consuming from retirement assets. Consumers with annuitized 

wealth may be more prone to mental accounting, separating their financial assets and 
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annuity payments into two separate accounts and linking their consumption to the one 

with the lowest cost to access.  

After controlling for expected medical costs we expect decumulation to increase 

as age increases and the decumulation time horizon shortens. The fact that we see the 

opposite effect indicates that age may be proxing for an unobserved variable. It is 

possible that as individuals get older they become less confident in their decumulation 

plan. This lack of confidence may lead to fear or some other behavioral bias that results 

in restricted consumption.  

In Table 4.5 we split the sample between those with and without high word recall 

scores and rerun the OLS regression on the two groups. This is done to better understand 

how cognitive ability impacts the estimation and use of the life-cycle factors when 

making decumulation decisions. 

Table 4.5 OLS Regression Results for Asset Decumulation by Working Memory 
 

 
Less than High 

Working Memory High Working Memory 
 Variable Estimate Std. Error Estimate Std. Error 
Life-Cycle Factors 

 
   

Life expectancy **-0.0011 0.0004 *-0.0014 0.0007 
High expected medical costs **0.0650 0.0238 0.0633 0.0432 
Pessimistic return expectations -0.0081 0.0493 -0.0427 0.0284 
Optimistic return expectations 0.0114 0.0515 0.0591 0.0319 
Pre-existing annuitization **-0.0846 0.0335 -0.0329 0.0639 
Age *-0.0037 0.0018 -0.0042 0.0036 
Married ***-0.1582 0.0247 ***-0.0988 0.0247 
Demographics 

 
   

Beginning financial assets -5.14E-09 5.18E-09 ***-6.37E-08 1.68E-09 
Race - white ***0.3090 0.0367 ***0.2466 0.0668 
                                                             Adj. R2 0.1852***          Adj. R2 0.1952*** 
*p < .05, **p < .01, *** p < .001 
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Our regression results reveal that as life expectancy goes up for the high word 

recall group decumulation goes down. This is expected. We see the same trend for the 

low word recall group, but the effect is stronger. This is interesting because the low word 

recall group is older with lower estimated life expectancies on average. This evidence in 

combination with the fact the low word recall group estimates life expectancy within an 

appropriate range may indicate that the low group is over compensating for their life 

expectancy estimate when considering asset decumulation decisions, decreasing the 

decumulation rate even further.  

 When comparing the effects of expected medical costs we see that high expected 

medical costs lead to higher rates of decumulation among the low word recall group. 

Expected medical costs are not found to significantly influence the decumulation rate of 

those in the high word recall group. This could indicate that the low group has high pre-

existing medical costs, as they are older on average. Alternatively, this could be evidence 

of insufficient health insurance coverage, as existing studies show that cognitive ability is 

related to the effective use of health insurance (Peters, Hibbard, Slovic, & Dieckmann, 

2007). We also find that those with low word recall scores decumulate at a slower rate in 

the presence of pre-existing annuitization. This effect is not evident among those with 

high word recall scores. Those with low cognitive ability may be less aware of the 

benefits of annuitization as a means to minimize longevity risk. They may also simplify 

decumulation decisions by matching current consumption to annuity income, a practice 

that indicates a failure to incorporate all available resources into consumption decisions. 
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Respondents with low word recall are more likely to decumulate less as they get 

older, evidence that this group is driving the effect age shown in Table 4.4. This effect 

does not exist among those with higher word recall, evidence that this group is 

decumulating more in line with life-cycle theory. 

In Table 4.6 we split the sample between those with and without high numeracy 

scores and rerun the OLS regression on the two groups. The results are consistent with 

what we find in Table 4.5, with one notable exception. 

Table 4.6 OLS Regression Results for Asset Decumulation by Numeracy 
 

 
Less than High 

Numeracy High Numeracy 

 Variable Estimate 
Std. 

Error Estimate Std. Error 
Life-Cycle Factors 

 
   

Life expectancy **-0.0013 0.0005 *-0.0010 0.0005 
High expected medical costs *0.0560 0.0296 0.0618 0.0394 
Pessimistic return expectations -0.0227 0.0350 *0.0578 0.0293 
Optimistic return expectations 0.0018 0.0381 **0.0914 0.0331 
Defined benefit plan **-0.1122 0.0439 -0.0072 0.0373 
Age *-0.0029 0.0014 -0.0028 0.0020 
Married ***-0.1425 0.0304 ***-0.1112 0.0282 
Demographics 

 
   

Beginning financial assets -9.34E-11 5.46E-09 ***-8.28E-08 1.33E-08 
Race - white ***0.3350 0.0400 *0.1334 0.0573 
                                                             Adj. R2 0.1921***         Adj. R2 0.1776*** 
*p < .05, **p < .01, *** p < .001 

 
 Here we see that those with high numeracy scores are significantly more likely to 

consume more regardless of their expectations for next year’s returns. As suggested by 

modern portfolio theory, this group may be more inclined to focus on the asset allocation 

of their portfolio when developing their long-term risk and return expectations and give 

little focus to short-run performance. Considering future returns from this perspective 

102 
 



Texas Tech University, Christopher Browning, December 2013 
 

may give this group more confidence to decumulate according to the goals they set in 

prior periods, a practice that will likely yield greater utility over the life-cycle.  

Conclusions & Implications 

 This study evaluates the effect of cognitive ability and life-cycle factors on the 

asset decumulation decisions of retirees. The effects related to the life-cycle factors 

indicate that these factors are being considered when making decumulation decisions, but 

suggest that retirees may not be incorporating them effectively. While increased life 

expectancy and being married lead to lower rates of decumulation as predicted by the 

LCH, other factors such as expected medical costs, age, and the presence of annuitized 

wealth have contradictory effects. This evidence points to the complexity of 

decumulation decisions.  

In recognition of this complexity we evaluate the impact of cognitive ability on 

asset decumulation decisions. While our sample of retirees on average is shown to save 

instead of dissave, we do find that those with higher levels of cognitive ability have 

significantly higher rates of consumption in relation to beginning financial assets than 

those with lower levels of ability. This is expected, as higher levels of cognitive ability 

are associated with being better able to consider choices in combination across multiple 

time periods. Said differently, retirees with higher levels of cognitive ability may be more 

able to match decumulation decisions with the goals that motivated accumulation, leading 

to increased consumption and overall utility from wealth.  

After establishing the relationship between cognitive ability and asset 

decumulation, we test to see if cognitive ability is related to how the life-cycle factors are 
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estimated and incorporated into decumulation decisions, giving special focus to our 

factors of uncertainty: expected longevity, medical cost, and market returns. In Tables 4.2 

and 4.3 we find that there is little difference in the estimates for life expectancy and 

market returns between those with high and low cognitive ability. We observe that on 

average the estimates for life expectancy for both groups are reasonably accurate. In 

addition, we do not observe increased optimism or pessimism with regards to future 

returns when we compare the high and low cognitive ability groups. This is evidence that 

differences in decumulation decisions between those with high and low cognitive ability 

may not be attributable to each group’s respective ability to estimate uncertainties.  

To test for differences in how life-cycle factors are incorporated into the 

decumulation decisions of those with high versus low cognitive ability, we split the 

sample and rerun the OLS regression on the two groups. Here we find significant 

differences in how these factors affect asset decumulation decisions. When looking at 

both word recall and numeracy our results reveal that increased life expectancy is more 

strongly associated with decreased consumption in the low groups, despite the fact that 

the low groups are older with lower estimated life expectancies on average. This evidence 

in combination with the fact that the low word recall group estimates life expectancy 

within an appropriate range may indicate that the low group is over compensating for 

their life expectancy estimate when considering asset decumulation decisions, causing a 

decrease in the decumulation rate. We also see that high expected medical costs lead to 

higher rates of decumulation among the low groups, potentially indicating that the low 

group has insufficient health insurance coverage. We also find that the low groups 
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decumulate at a slower rate in the presence of pre-existing annuitization and are more 

likely to decumulate less as they get older. Our findings in combination indicate that 

those with higher levels of cognitive ability are better able to identify and integrate the 

characteristics of multiple life-cycle factors when making asset decumulation decisions. 

We provide evidence that when considered in a traditional life-cycle framework 

cognitive ability explains some the variation in post-retirement asset decumulation. 

Additional work needs to be done to address how cognitive ability relates to other factors 

not traditionally considered in the decumulation decision framework to gain a better 

understanding of what determines decumulation in retirement. Hung, Meijer, Mihaly, and 

Yoong (2009) find that few have thought about decumulating their assets in retirement. 

Of those that have only about 40% have developed a formalized plan for decumulation, 

and of those only about 30% think their plan will meet their post-retirement consumption 

needs. This finding sheds light on few things. First, it appears that in the absence of 

annuitized wealth retirees have little confidence in their ability to decumulate effectively. 

This lack of confidence may lead to a failure to act, as individuals are prone to ambiguity 

aversion when faced with decisions where the parameters and outcomes are uncertain. 

Feelings of inadequate preparation may also shift retirees’ mindset from decumulation to 

preservation, leading to increased levels of loss aversion among retirees. When loss 

aversion is present retirees may frame decumulation as a loss and attach an additional 

cost to converting funds from financial assets into current income. Understanding how 

cognitive ability relates to the susceptibility of these behavioral biases may help explain 

why we observe a lack of decumulation among retirees. 
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CHAPTER V 

CONCLUSIONS 

Managing retirement resources is a complex process that requires knowledge and 

skill related to a variety of financial products and tasks. Taken alone most would consider 

any facet of this process daunting in and of itself. Yet, retirees are in many cases being 

asked to make decisions that have significant implications for their retirement well-being. 

In addition to the concerns created by complexity, the ability of retirees to make high 

quality financial decisions may be compromised by age-related decreases in cognitive 

ability. Such decreases may impact older investors’ ability to understand the usefulness 

and appropriateness of certain financial instruments. It may also increase susceptibility to 

biases and lead to actions that are contradictory to plans made in prior periods. In light of 

these obstacles, we have considerable interest in better understanding the ability of older 

individuals to effectively manage their retirement assets. 

In the first essay we investigate the factors related to annuity valuation, focusing 

specifically on the relationship between financial sophistication and the ability of 

investors to accurately value a hypothetical life annuity. In our analysis we break 

responses to a question on annuity valuation down into reasonable and unreasonable 

responses based on average longevity and realistic discount rates. We fail to show a 

significant relationship between higher levels of financial sophistication and accurate 

annuity valuations. We also observe relationships between our valuation factors and 

annuity valuations that are inconsistent with expectations. These findings indicate the 

potential existence of a widespread lack of knowledge about annuity products, which 
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may lead to decreased annuity demand in private markets (Brown, Kapteyn, Luttmer, & 

Mitchell, 2013). 

 Many of the valuations given by respondents are irrationally high when 

considering average life expectancies and realistic discount rates. Such high responses are 

contradictory to prior research that suggests individuals place a low value on 

annuitization. One explanation may be that individuals place a high value on annuities, 

but lack the understanding required to derive an accurate estimate of value. This is 

evidenced in a study by Gustman et al. (2010) who finds that numeracy and other 

measures of cognitive ability are not determinants of pension or Social Security 

knowledge. When parameters of uncertain decisions are unknown, it is rational for 

consumers to avoid making the decision as a result of ambiguity aversion (Schmeidler, 

1989). This aversion to uncertainty may result in losses to consumer welfare if the 

demand for annuities falls well below what would exist if consumers had full 

information. Because levels of financial sophistication are low, increasing basic 

understanding about the benefits of annuitization can lead to annuities being the path of 

least resistance when planning for the distribution of retirement assets. For someone with 

limited financial knowledge it would be much simpler to annuitize retirement wealth than 

to manage their retirement portfolio and be faced with investment selection decisions, 

rebalancing, withdrawal rates, and tax planning (Agnew & Szykman, 2010).  

In the second essay we look specifically at the stock reallocation decisions of 

older investors during the great recession. By evaluating these decisions during a 

negative event we observe investor behavior when decisions related to managing the 
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retirement portfolio are further complicated by loss aversion and other behavioral biases. 

We provide evidence that older households are subject to lower levels of cognitive 

ability. We also find that cognitive ability is significantly related to allocations away from 

stock during the great recession. However, we do not show a significant relationship 

between increased age and allocations away from stock. This suggests that where 

cognitive ability is absent, regardless of age, investors may be prone to engage in 

behavior that is suboptimal when compared to the rational norm.  

We fail to show a significant relationship between sentiment and allocations away 

from stock. Despite the absence of a significant relationship, the number of respondents 

that allocated away from stock and the levels at which they did so is evidence that 

sentiment was low and that it had an impact on investor behavior. Loss aversion and 

sentiment are closely related during a negative event as they both shift investor focus to 

recent poor performance and lead to trading and reallocations motivated by a desire to 

minimize the effects of current period losses. Although not directly tested in this study, it 

is likely that investors with low cognitive ability are more prone to the effects of 

sentiment, as sentiment reflects beliefs about future investment risks and returns not 

justified by available information. An inability to use reason in the absence of 

information, or the inability to acquire and effectively use information both indicate 

cognitive deficiencies that likely lead to low sentiment, increased loss aversion, and 

suboptimal investment behavior during the great recession.  Because sentiment drives 

markets away from their intrinsic values, loss averse investors engaging in portfolio 

reallocations motivated by recent returns may face reversals in future investment 
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performance that are detrimental to their long-term portfolio returns and overall 

retirement wealth. 

In the third essay we evaluate the impact of life-cycle factors and cognitive ability 

on the asset decumulation decisions of retirees. The effects related to the life-cycle 

factors indicate that these factors are being considered when making decumulation 

decisions, but suggest that retirees may not be incorporating them effectively. While 

increased life expectancy and being married lead to lower rates of decumulation as 

predicted by the LCH, other factors such as expected medical costs, age, and the presence 

of annuitized wealth have contradictory effects. This evidence points to the complexity of 

decumulation decisions. In recognition of this complexity we evaluate the impact of 

cognitive ability on asset decumulation decisions. We find that those with higher levels of 

cognitive ability have significantly higher rates of consumption in relation to beginning 

financial assets than those with lower levels of ability. This is expected and may indicate 

that retirees with higher levels of cognitive ability are better able to match decumulation 

decisions with the goals that motivated accumulation, leading to increased consumption 

and overall utility from wealth.  

After establishing the relationship between cognitive ability and asset 

decumulation, we test to see if cognitive ability is related to how the life-cycle factors are 

estimated and incorporated into decumulation decisions. We find that there is little 

difference in the estimates for life expectancy and market returns between those with 

high and low cognitive ability. This is evidence that differences in decumulation 

decisions between those with high and low cognitive ability may not be attributable to 
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each group’s respective ability to estimate uncertainties. To test for differences in how 

life-cycle factors are incorporated into the decumulation decisions of those with high 

versus low cognitive ability, we split the sample and run an OLS regression on the two 

groups. We find significant differences in how these factors affect asset decumulation 

decisions. Our results reveal that increased life expectancy is more strongly associated 

with decreased consumption in the low groups, that high expected medical costs lead to 

higher rates of decumulation among the low groups, and that the low groups decumulate 

at a slower rate in the presence of pre-existing annuitization. Our findings in combination 

indicate that those with higher levels of cognitive ability are better able to identify and 

integrate the characteristics of multiple life-cycle factors when making asset 

decumulation decisions. 

In conclusion, the three essays together highlight two important issues. First, 

financial markets are complex and the ability to navigate them requires some level of 

intellect. Second, where ability is lacking older individuals are more likely to display 

preferences and engage in behavior that has the potential to be detrimental to the 

satisfaction they derive from their retirement assets. Findings from each essay point to the 

use of commitment as a possible means for improving retirement outcomes.  
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