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Individual Investors’ Financial Literacy and Numeri cal Skills

ABSTRACT

Behavioral research in financial accounting oftensato address issues relevant to individual,
nonprofessional investors, citing the importancendividual investors to capital markets or regotat
concerns for the “average” investor. Neverthelasmy such studies utilize convenience samples of
graduate business student participants in theieraxyents. This research analyzes a relatively large
sample of participants recruited from Amazon’s Mathbal Turk platform (n>2,000) in order to assess
how the broader range of investors’ numerical skiin impact extant accounting research results.
Because we know relatively little about the chagastics of the individual investor, this reseabgyins
by examining investors’ demographic characteristiod numerical skills relative to non-investors,
benchmarked against national samples of finaneia&bility skills in the United States. A set ofe@
extant financial accounting research experimerggtan replicated. Results show that investors wit
higher numerical skills are more sensitive to othieientives and are more likely to incorporatettha
understanding into their judgments than amestors with lowenumerical skills or non-investors. These
findingssuggest that limiting the pool of participantshie briginal research increases the power of the
original statistical tests, and emphasizes the farechreful consideration of the potential matelmeen
the applied theory and the population of interestrpirical research.

Keywords: financial literacy; numeracy; quantitative reasagpimdividual investor; average investor;
Amazon Mechanical Turk (MTurk)

JEL: M49; 129; G10
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1. Introduction

Behavioral research in financial accounting oftensato address issues relevant to individual or
nonprofessional investors, citing regulators’ cansdor the “average” investor (e.g., Rennekamp2201
or the importance of individual investors in theSUcapital market (e.g., Koonce and Lipe 2010).il&vh
a small number of such studies access investopgraig., via investment clubs or associations asch
in Kelly, Low, Tan, and Tan [2012]), many such $tsdutilize convenience samples of graduate busines
student participants in experiments, who likelyénaglatively well developed financial and quaniiat
numerical skills. The current research analyzesaively large sample of participants recruiteshi
Amazon’s Mechanical Turk platform (MTurk; n>2,008)order to assess how the broader range of
investors’ financial and quantitative skills campiact extant accounting research results.

Notwithstanding the common application of gradumtsiness student participants, only one
study to date (Elliott, Hodge, Kennedy, and Pro@R7 purposefully examines whether MBA students
can represent valid proxies for nonprofessionadsers, using members of the National Associatfon o
Investors Corporation (an association of investneriis). The current study revisits the questibn o
whether the proxies typically applied in accountiagearch represent valid proxies for individual
investors when not limited to members of investnoduibs. In doing so, my study extends De Bondt's
(1998) and Hodge's (2003) descriptions of nonpmitesl investors. By documenting the range of
financial and quantitative skills in the broadedtiiidual investor population, | also provide a fdrt
reconciliation of accounting research participamith the U.S. Securities and Exchange Commission
(SEC) Staff's (2012ptudy Regarding Financial Literacy Among InvestdssRequired by Section 917 of
the Dodd-Frank Wall Street Reform and Consumerdtain Act which reviewed related studies
suggesting that American investors lack basic firediteracy knowledge and skills.

Obtaining a relatively large and broad-based samwipparticipants is therefore a substantial
obstacle for this research and, until recently btiaimable without significant resources. However,

recruiting participants from MTurk now presentsadgmtial solution to this obstacle. MTurk has braeo
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a popular source of participants for social sc&@st{Brandon et al 2014, Ipeirotis 2010) and hasnty
been applied in accounting research (e.g., RenrmeR&h2). Concurrent research has replicated extant
accounting studies with MTurk participants to asgbe validity of using this participant pool, @ttas

an initial step in the research (Koonce, Millerd&iinchel 2013) or as the main contribution of the
research (Farrell et al. 2014; Owens 2014). Mygsttontributes to this developing trend in accaumti
research by providing an extensive description @lkk participants along dimensions of particular
interest to financial accounting researchers (n@estment experience and numerical skills), and b
benchmarking the resulting sample of investorsregaiationwide samples selected to be represemtativ
of U.S. Census distributions (FINRA Foundation 202009b).

Further, my study examines how the range of paaitis’ financial and quantitative skills
impacts the replication of a sample of existingoarting research experiments, thereby contributra
long-standing research literature on the effeéhdifvidual cognitive characteristics on judgmentlan
decision making in accounting settings (Bonner 20i#by and Luft 1993). Little research to dates ha
examined the impact of investors’ numerical slilfstheir processing of firms’ financial disclosures
Admittedly, if graduate business students tendktobét information processing biases, then less
sophisticated individual investors may likely de same, and two recent research papers suggektshat
sophisticated investors are more likely to reljamguage-based heuristic processing of firm discks
(Elliott, Grant, and Rennekamp 2013; Tan, Wang,Zzmali 2014). However, to the extent that graduate
business students effortfully process firm disctesuprior research has generally not assessedtioosd
under which results would replicate with a broa@ege of individual investors.My study therefore
contributes to this developing area of researcbXamining the impact of relevant numerical skilts o
individual investors effortful processing of infoation in financial accounting settings.

Understanding the impact of the wide range of iitlial investors’ skills is important for

financial accounting research for at least thrésted reasons: First, regulators have generalyedo

! one exception is Han and Tan (2007), who docuniexta lack of detailed, context-specific knowledgereases the
likelihood that graduate business student partigpeeact to benchmarks that are implicitly asgediavith different forms of
management guidance. Rather than detailed knoefegigse my study examines the effect of more general micaleskills.
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concerns regarding the interests of the individualverage investor (e.g., Han and Tan 2007). For
example, the current Chair of the SEC recentlyudised the need to protect individual investorsaass p
of the SEC’s mission, recognizing that “the reitailestor population represents a broad spectrum of
Americans” (White 2014J. In contrast, accounting standard setters haviuitisnalized an emphasis on
investors who have a “reasonable understandingsifbss and economic activities and willing to gtud
the [financial accounting] information with reasbtediligence” (FASB 1978, 134; IASB 2010, QC32),
hereafter, “reasonably informed investors.” Acdmmknowledge is therefore a legitimate preredeisi
for the investigation of particular financial acoting issues. Notwithstanding, financial accoumtin
research often investigates broader issues, suchestors’ reactions to potential conflicts ofdrdst in
financial analysts’ reports (as in Hirst et al. 83%or which the same restriction does not apply.

Second, the population of individual investors saibally impacts capital markets, including
U.S. capital markets. For example, Koonce and (2040, p. 868) discuss how “nonprofessional,
individual investors are an important group, wih&million individuals investing directly in théogk
markets (NYSE 2002) and owning nearly 34% of adirek outstanding (Bogle 2005).” Although the
percentage of U.S. equities owned by individudlsdeabout 25% in 2009 (NYSE 2010, p. 12), it
remains a substantial percentage. Analytic maalets suggest that the presence of less sophisticate
investors (such as individual investors) can affeatket prices and expectations (see, e.g., DelLong,
Shleifer, Summers, and Waldman 1990a, 1990b; Elkatsche, and Peecher 2010; Hirshleifer,
Subrahmanyam, and Titman 2006; Shleifer and Visia9y7).

Third, the impact of individual investors may bese\greater in particular components of the U.S.
capital market. For example, Jiang, Petroni, armhiy(2013) discuss how the Pink Sheets market
consists of mostly individual investors (citing Arhtauber, and Tetlock 2013), with the market
capitalization of the Pink Sheets and OTCBB reag§i®46 billion in 2005 or more than twice the sife

AMEX (citing SEC 2006). Likewise, the Jumpstartr®usiness Startups (JOBS) Act, signed into law in

2 Specific regulatory examples citing concerns fiar individual or average investor include the SHeEin English initiative
(SEC OIEA 1998), communications from open-end manamt investment companies (SEC 1998), and iteoguiation of
abbreviated financial statements (SEC 1995).
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2012, requires the SEC to adopt rules to allow dfanding, or raising financing through small
contributions from large numbers of investors ia Internef.

Results show that individual investors tend to lkdeoand are more likely to be male, more likely
to be employed on a full-time basis, and more kigiducated than non-investors. Investors are also
more likely to have engaged in planning for thetirement, more confident in their numeric and
financial abilities, and score higher on a setaxib financial literacy questions. On averageividdal
investors answer 74 percent of the financial ltgrauestions correctly (vs. 55 percent for non-#oes).

These differences between investors and non-inigeate consistent with data from nationwide
samples selected to be representative of U.S. Gatistnibutions (FINRA Foundation 2009a, 2009b).
Though the investors sampled in this research theough MTurk) are less confident in their finaic
abilities, they also do not significantly diffeofn random selections from the representative naltidata
in terms of having engaged in planning for theiireenent or in their financial literacy scores.

Extending prior analyses, additional measures geofarther insight into investors’ skills and
educational experiences. Specifically, investtss achieve higher mean scores in numeracy and
guantitative analytical skills. For those who hatteended some amount of college, investors report
higher mean number of courses taken in accourdimndjting, finance, math, and statistics than do-non
investors. Still, fewer than 60 percent of investeho have attended some amount of college report
having completed one or more courses in accoumtirmme or more courses in finance.

These findings hold across two investor definitiqd$ any stock or mutual fund investment, and
(2) any direct stock or mutual fund investment régub history, i.e., non-retirement. However, ediaca
based proxies for individual investors yield mixedults. First, individuals who report some cafleg
education with at least one accounting and onenéi@eaourse tend to display similar financial litgra
numeracy, and quantitative reasoning skills asstors. Second, limiting the proxy to individualbav

report some graduate-level education as well fsaat one accounting and one finance course sgverel

3 As Bloomfield (2013) notes, the SEC released agsal on crowdfunding in October 2013 (SEC 2013)e SEC's Investor
Advisor Committee issued its recommendations owdfonding in April 2014 (SEC IAC 2014). To my kntedge, the
proposed rule has not yet been finalized.
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restricts participant availability to at most 10qent of the investor sample. This proxy also $etad
more extreme differences than in investors (fongpla, even higher numerical skill outcomes), linmti
generalizability from these individuals to the lerinvestor population. Third, this proxy likely
understates the differences between individualstors and graduate business students, whoseaiills
found to be substantially higher than those ofitlvestors and the other education-based proxies.

To examine the impact of investment experienceramderical skills, participants in the MTurk
sample are randomly allocated to experimental dimmdi to replicate a sample of accounting research
studies (Elliott et al. 2007; Kadous, Koonce, anavily 2005; Nelson and Rupar 2011). Each of the
studies recruited MBA students as research paatitipand involve theory regarding participants’
understanding other people’s incentives in theedlfinancial context, although the studies varthim
degree of accounting information to be incorporatea participants’ judgments. Across the studibs,
results generally replicate with the wider partigippool available through MTurk; however, in thaée
the four experiments, results tend to be driveiiyrk participants with investment experience and
higher numerical skills. Investors witligher numerical skills are more sensitive to otheientives
and are more likely to incorporate that understagnéito their judgments than arevestors with lower
numerical skills or non-investors. These findisgggest that limiting the pool of participantstie t
original research to graduate business studentsases the power of their statistical tests, but
emphasizes the need for careful considerationeoptitential match between the applied theory aed th
population sampled in empirical research.

Libby et al. (2002, p. 802) recommend that potépiaticipants be matched to the goals of the
experiment, while avoiding the use of more sopteséid participants than necessary to achieve those
goals. Based on the current findings, researchtagested in issues broadly relevant to nonprajess
U.S.-based investors could legitimately access mditiiduals via Amazon’s Mechanical Turk platform
by employing an investment filter during the reting process. Depending on the theory appliegehe
researchers should also consider collecting additioharacteristics (such as the financial and

guantitative skills collected in this study) as iéiddal explanatory variables for their analyses.
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The remainder of the paper is organized as folldwe: next section provides background
information and develops the research questionstiihd section describes the MTurk survey, inahgdi
the experimental replications, as well as two campze datasets employed for benchmarking (FINRA
Foundation 2009a, 2009b; graduate business styd&htsfourth section describes the results, aad th
final section summarizes and discusses implicatmusdirections for future research.

2. Background

Although behavioral research in financial accouptiites regulators’ concerns for the average
investor (e.g., Rennekamp 2012, Han and Tan 200RHedmportance of individual investors in the U.S
capital market (e.g., Koonce and Lipe 2010), theratteristics of the fabled average investor, dliclg
his or her level of financial expertise, are laygahknown.

Section 917(a)(1) of thbodd-Frank Actdirected the U.S. Securities and Exchange Comanissi
(SEC) to identify the existing level of financiékracy among investors and particular subgroups of
interest. To fulfill that mandate, the SEC contedowith the Library of Congress to conduct a revif
the quantitative studies on the financial litera€y).S. retail investors published since 2006.inQithe
Library of Congress review, the SEC Staff [2012jod states that

studies show consistently that American investmrk basic financial literacy. For

example, studies have found that investors do mbénstand the most elementary

financial concepts, such as compound interest afidtion. Studies have also found that

many investors do not understand other key findmciacepts, such as diversification or

the differences between stocks and bonds, andaarfelty aware of investment costs and

their impact on investment returns... The LibrarCohgress Report concludes that

“low levels of investor literacy have serious inggaliions for the ability of broad

segments of the population to retire comfortabéytipularly in an age dominated by

defined-contribution retirement plans(SEC Staff [2012], p. vii-viii)

In comparison, consider a relatively early papah&current generation of behavioral financial
accounting research studies, demonstrating “thvatstiors’ reactions to information in financial arsi$’
research reports depend on characteristics ofthethnalyst and the report” (Hirst, Koonce, andkaim
[1995], p. 335). That research employed graduasinkss students from a large state universityf ofos

whom were completing the first year of an M.B.Aogiram after two or more years of work experience,

and, on average, had completed four accountingvemdinance courses. While 94 percent indicated th
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they had invested or planned to invest in commocoksfHirst et al. 1995, p. 340), and therefore
legitimately represent a subpopulation of U.S. gtoes, their high level of financial education agge
inconsistent with the lack of basic financial laey described in the SEC Staff (2012) report.

Similar convenience samples are common in behd\ineacial accounting research. While a
small number of studies aiming to address issuesaet to individual or nonprofessional investors
access investor groups (e.g., via investment aulassociations such as in Kelly et al. 2012), rsash
studies utilize convenience samples of graduatméss student participants in experiméntss Libby
et al. (2002, p. 803) explain,

Other experiments focus on the judgments of geemnabvice investors, and so require

subjects who possess only basic familiarity witboamting and investing. Student

populations that have such basic familiarity areoegpriate here as well. MBA students

and executive-program participants are particulanlyeful, as they often have some

accounting knowledge and investing experience.

This discussion presumes that general investoospaissess basic familiarity with accounting and
investing concepts, an assumption which the SE& (Stper (2012) calls into questidn.
I nvestor characteristics

Multiple definitions of “an investor” have been dipg in prior surveys, making cross-study
comparisons problematic. The Library of Congr@§d () review includes several studies of the génera
public but it also identifies three studies focusadnvestors, each of which applied a differeriinitéon:
“adults who invest in stocks, bonds, and/or mutuatls, outside of an employer-sponsored retirement
plan” (Abt SRBI 2008); adults who “performed aa$e one stock, bond, or mutual fund transactionhivi
a specified six-month time period (Applied Reseaat Consulting 2003); and adults living in private

households who self-identify as “a person who malexssions about where their savings are placed

including CDs, stocks, bonds and mutual funds” (@i Research Corporation 2007). Others have

4 A review of experiments examining investors’ ordincial statement users’ judgments published indpeix academic
accounting journalsAccounting Organizations and Soci€fyre Accounting Revie@ontemporary Accounting Researthe
Journal of Accounting and EconomitseJournal of Accounting Researcind theReview of Accounting Studjdsetween the
years of 2005 and 2012, inclusive, identified 3@hsstudies, of which 27 (84 percent) recruited gede business students as
some of the experiment participants and 21 (66gmycecruited only current business students pere@rent participants.

5 Recent research has also documented that undeageaaccounting students do not respond differdrity experienced retail
investors when evaluating analyst stock recommémta{Kelly et al. 2012), and display the samegratt of order effects in
evaluating a set of simultaneous vs. sequentiatindition (Pinsker 2011), suggesting that geneffdrénces across these two
groups may be smaller than often expected.
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excluded mutual funds from their definition of isteg, focusing specifically on investments in widual
company equity securities (e.g., De Bondt 199&quity and debt securities (e.g., Elliot et al. 200As
discussed, accounting standard setters have btiélized concerns for reasonably informed invessto
(FASB 1978, 134; IASB 2010, QC32). However, crasshg comparisons become problematic as only a
single definition of investor is typically consi@el within a study.

The characteristics of the individual investor sirailarly ambiguous. The Opinion Research
Corporation (2007) reports that the percentagesgondents who self-identify as investors increases
with their age (at least until age 65), educatang income. A subset of investors that has beghosed
as investor-participants in accounting researchre@bers of investment clubs (e.g., Kelly et all20
particularly the National Association of Invest@srporation (NAIC) in the U.S. (e.g., Hodge 200& D
Bondt 1998, Elliott et al. 2007). For example, lged2003) reports that the membership base of the
NAIC as a whole is 69 percent female, with a mediga of 53 years, and with 70 percent of members
having a college education. Hodge's own sampleldfMAIC members contained a higher percentage of
college-educated investors (75 percent), but wihmalar gender composition and median age. De
Bondt's (1998, p. 838) sample of 45 participantsuited from an NAIC conference was silent on
education, was again somewhat older (mean of 5& yid), but predominantly male (30 of 45
participants), and reported a mean financial pbetfealue of $310,000 (excluding real estate) ofckh
72 percent was invested in stocks. Whether invadteleb members are generally representative of the
broader investor population remains unclear.

Prior research has certainly suggested links betweestment decision making and financial
literacy. For example, Hung, Parker, and Yoon@@G@&nalyze RAND’s American Life Panel, finding
that financial literacy increases with age, collegecation, and income, superficially matching the
Opinion Research Corporation (2007) descriptionavadlable descriptions of NAIC members. Hung et
al. also find that financial literacy is higher fmen. In multivariate analyses, these authors meot that
financial literacy, age, and income are signifigargtdictors of planning for retirement, with agelan

education being predictors of 401K retirement sgwibalances (see also Lusardi and Mitchell 2011b).
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These relationships are generally consistent witbdish (Almenberg and Dreber 2011; Almenberg and
Widmark 2011) and Danish (van Rooij, Lusardi, anesaie 2011) analyses. Investors with higher
financial literacy are also more likely to investiower-cost rather than actively managed mutuadisu
(Muller and Weber 2010, using German data) andversify their investments (Abreu and Mendes
2010, using Portuguese data).

Financial literacy and related numerical skills

Financial literacy is often defined on the basisunfdamental financial knowledge or
understanding, for example, “knowledgibasic financial concepts, such as the workingnafrest
compounding, the difference between nominal anldvadaes, and the basics of risk diversification”
(Lusardi 2008, p. 2). As Hasting, Madrian, and Skimmyhorn (2013) disctisere are multiple measures
of financial literacy available (e.g., FINRA unddtesee Knoll and Houts 2012 or Hung et al. 200%for
discussion), but the measure developed by twoqodati researchers (A. Lusardi and O. Mitchell) has
been used repeatedly in recent research (e.g.,ndeng and Widmark 2011; Li, Baldassi, Johnson, and
Weber 2011) and nationwide surveys (e.g., FINRArgation 2009a, 2009b, 2012). This measure
consists of a straightforward set of quiz questitygically covering the concepts of compound iestr
inflation, present value, and diversification.

Financial literacy as applied in this literaturdhierefore quite different from the term as used in
the context of accounting research on Audit Conaaithembers (e.g., McDaniel, Martin, and Maines
2002; Krishnamoorthy, Wright, and Cohen 2002). ale¢bat the Blue Ribbon Committee (1999)
recommended NYSE- and NASD-listed companies (oveingmum market capitalization) have an audit
committee comprised of a minimum of three “finafigiéiterate” directors. That report described
financial literacy as “the ability to read and urstand fundamental financial statements, inclu@ing

company’s balance sheet, income statement, andloasktatement” (Blue Ribbon Committee 1999,

6 Some question the economic significance of théfsets (Guiso and Viviano 2013). Others suggest thlated omitted
variables (such as numeracy, propensity to plashriak preferences) may partially or fully explaire impact of financial
literacy on financial decision making (Fernandegth, and Netemeyer 2013), questioning whethercdéelil financial
education is in society’s best interest (Willis 2D1 Neither detracts from the purpose of thisaes® to examine investors’
demographic characteristics and numerical skilig, @ consider related implications for accountiegearch.

"Hung et al. (2009) agree that the most commomitiei is knowledge or understanding, but note fimsncial literacy has also
be defined as thability to apply that knowledgg@erceived knowledggood financiabehavior and even financiaxperiences
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p. 26), hereafter “accounting literacy.” The extfimancial literacy literature does not yet appeahave
extended to accounting literacy and its impactrmtividual investment decision makifig.

Two supporting skills are also considered in tldpgr: numeracy and quantitative analytical
reasoning. The dividing line between financialrbiey and numeracy has not always been consistent in
the literature (Hung et al. 2009). Numeracy or atioal literacy is generally defined as familianitith
fundamental probability and numerical concepts.(&ghwartz et al. 1997; Lipkus, Samsa, and Rimer
2001). Basic numeracy involves “an understandintg@real number line, time, measurement, and
estimation” whereas higher-order levels of numessoyld incorporate “basic logic and quantitative
reasoning skills, knowing when and how to performitistep operations, and an understanding of ratio
concepts, notably fractions, proportions, percezgagnd probabilities” (Reyna et al. 2009, p. 945).
Numeracy has been found to be related to risk péores as well as susceptibility to extraneousdiact
in decision making, such as the effects of moaoa félhmat in which information is presented (e.g., a
frequencies vs. percentages), and to other biagadgment and decision making (e.qg., framing axibr
bias effects). Recently, concurrent research (EH”ibal. 2013) has also found that numeracy ctatiaf
judgments within a class of investor; specificalbyyer numeracy increases the likelihood that itwess
(proxied by graduate business students) will relyie style of language firms use in a Corporatgabo
Responsibility setting to assess subsequent fistiasures.

An important aspect of higher-order numeracy ingshquantitative analytical reasoning. Separate
measures of analytical reasoning have been dewilspeh as the Raven'’s Standard or Advanced
Progressive Matrices (non-verbal, multiple-choiaasures in which participants are asked to idettidy
missing element that completes a pattern in asefié2, 36, or 60 questions—e.g., Bols and StaRES).
An alternate measure, the Cognitive Reflection ,Tastsists of three quantitative questions in wiieh

intuitive responses differ from the correct resmsn@rederick 2005).

8 Nevertheless, research at the firm level findslationship between Board member accounting litesac! firm performance
(Coates, Marais, and Weil 2007) and a lower likadith of accounting restatements (Aier, Comprix, ®ak) and Lee 2005).

° Cokely et al. (2012) reports that the three-iteog@tive Reflection Test from Frederick (2005) la@ronbach’s alpha of 0.62,
a mean duration 2.5 minutes, and a moderate ctorelaf 0.40 with the 12-item short form of the Rals Matrices (which is
intended to be administered in approximately 20ut@s or less; Bols and Stokes 1998, p. 384).
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Given the potential commonalities across the catsogffinancial literacy, accounting literacy,
numeracy, and quantitative analytical reasoning,rssearch examines investors’ related numerkilid s
and demographic characteristics, relative to neestors, under alternative investor categorizations
Education-based proxies for investment experiene@lao evaluated, consistent with the frequent
recruiting of graduate business students in behahviimancial accounting research. More formally:

RQ1: How does the distribution of numerical skilier in investors relative to non-investors, unde
alternative definitions of “an investor”?

RQ2: How does the distribution numerical skillfaifin investors relative to education-based prexie
for investment experience, under alternative deding of “an investor’?

Impact of financial literacy and related numerical skills

Although in some circumstances the theory appliegccounting research is highly situational
(and accounting specific), the theory in other actimg research is broadly based, such as in the
expected influence of incentives and persuasiditgacHow incentives are expected to affect others
actions is fundamental to at least two streamgsdarch in financial accounting: research in acisfbf
interest (including the independence of financthlisors [e.g., Hirst et al. 1995; Kelly et al. 212
members of Boards of Directors [e.g., Rose et@l32 and auditors [e.g., Dopuch, King, and Schavart
2003; Kaplan and Mauldin 2008; Mayhew and Pike 20@hd research in earnings management or
disclosure management (e.g., Elliott 2006; HanBaml 2007; King 1996; Nelson and Rupar 2011).

Prior research, however, suggests that individuadstors, on average, may be at a disadvantage
in understanding the influence of others’ incergiv&or example, Malmendier and Shanthikumar (2007)
suggest that small investors are relatively nab@iganalysts’ incentives and the resulting distidn of
their stock recommendations. As well, Han and 897) document that a lack of context-specific
knowledge regarding management guidance decrdasdékdlihood that graduate business student
participants react to benchmaihkwplicitly associated with different forms of management guie.
Together, these findings suggest that understardingincentives are expected to affect othersoasti
should be a useful area in which to explore theaichpf individual investors’ financial literacy and

numeracy skills.
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In such situations, tacit managerial knowledgehefdituation would be required to understand
how incentives appl} and, if in an investment setting, that knowledgeud be more likely with
investing experience and prior exposure to singiirations. More generally, however, the Persuasion
Knowledge Model (Friestad and Wright 1994) suggtsis both “topic knowledge” (in this context,
financial knowledge) and “persuasion knowledge’, {be ability “to recognize, analyze, interpret,
evaluate, and remember persuasion attempts aedettt and execute coping tactics believed to be
effective and appropriate;” Friestad and Wright4,99 3) would be necessary for the studies’ result
Because individuals can also develop context-sigguérsuasion knowledge (Friestad and Wright 2005,
p. 187), a person may need both investment experiand higher quantitative skills to process the
expected influence of incentives in financial agting settings into his or her judgmentsMore
formally, therefore, the third and fourth reseagciestions are:

RQ3: Does investment experience moderate the ecpidtuence of incentives on judgment for a
sample of extant accounting research studies?

RQ4: How do participants’ numerical skills affebetimpact of investment experience on the sample of
accounting research findings?

3. Method

The current research analyzes a relatively larggbaof participants recruited from MTurk
(n>2,000) in order assess how the broader rangwes$tors’ numerical skills can impact extant
accounting research results. As the first stap,résearch providing an extensive description &tk
participants along dimensions of particular intetedinancial accounting researchers (i.e., inviestt
experience and numerical skills), benchmarkingéselting sample of investors against nationwide

samples selected to be representative of U.S. Gatistnibutions (FINRA Foundation 2009a, 2009b) and

10 Tacit managerial knowledge is knowledge of “howrtanage oneself, manage others, and manage ones’o@ee, e.g., Tan
and Libby 1997; Bonner 2008, p. 59). By comparjgechnical knowledge is knowledge of “the factdes, and relationships
within a domain,” while functional knowledge is kmiedge of “the operations of the entities that@eginent to a particular
task” (Bonner 2008, p. 59).

1 Financial accounting experiments with graduatérmss students often assess participants’ investexgerience (see, e.g.,
Hirst et al. 1995). This information is typicalipllected as a control variable or as a covanait, results not significantly
affected by the inclusion of participants’ investmexperience. The lack of an incremental effé@westment experience in
such samples would be consistent with graduatenbssieducation successfully proxying for actuadstment experience, or
with limiting the sample to a relatively sophistied group (compared to the typical individual ineessuch that incremental
improvements in judgment are minimal.
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against a convenience sample of graduate busihefengs. Participants are then randomly alloceted
experimental conditions in a series of accountxgeements to examine the impact of investment
experience and the extent to which participantsherical skills contribute to the prior findings.
MTurk participants

Amazon’s Mechanical Turk platform is becoming aylap source of experiment and survey
participants for social scientists (Ipeirotis 20140d has recently started to be applied in acaugint
research (e.g., Koonce et al. 2013; Rennekamp 20Ife U.S.-based MTurk population has been
documented to be at least as representative &f.®epopulation as more traditional convenience
samples (Buhrmester, Kwang, and Gosling 2011; Bapl@&handler, and Ipeirotis 2010), with little
evidence to suggest that data collected onliné p@orer quality than data collected from otherjeab
pools (Krantz and Dalal 2000; Gosling et al. 2004h) a review of commercial participant recruitment
services, Brandon et al (2014) suggest that thengiat benefits of MTurk include relatively inexpsve
access to participants and control over incentieelhanisms, while maintaining the benefits of more
traditional online survey panels (i.e., large m#ptint pool and the ability to screen participdrased on
characteristics, such as with SurveyMonkey AnalgsiQualtrics panels). Similar to other web-based
experiments, however, it has been suggested that/Jarticipants are less likely to pay attention t
experimental materials, reducing statistical po@wodman, Cryder, and Cheema 2012) and
emphasizing the need for “catch trials” or “mangiidn checks” that identify inattentive subjects
(Oppenheimer, Meyvis, and Davidenko 2009). Thieaech will, therefore, benchmark the sample of

MTurk participants against the national Financiap@bility Studies in the United States (FINRA

12 MTurk started in 2005 as:
a crowdsourcing web service that coordinates thgpuand the demand of tasks that require humagiligénce to complete.
Mechanical Turk is named after an 18th century sh@aying ‘automaton’ that was in fact operatedsbgoncealed person. It
is an online labor market where employees (calledkerg are recruited by employers (calleelquestensfor the execution of
tasks (calledHITs, acronym for Human Intelligence Tasks) in exchaioga wage (called aeward. Both workers and
requesters are generally anonymous although resgmohyg a unique worker can be linked through ani@viged by Amazon.
Requesters post HITs that are visible only to warkeého meet predefined criteria (e.g., countryesfidence or accuracy in
previously completed tasks). When workers accesaé¢tsite, they find a list of tasks sortable adoag to various criteria,
including size of the reward and maximum time t@kbfor the completion. Workers can read brief desions and see
previews of the tasks before accepting to workhemt.. A requester can reward good work with bosas& punish poor
quality work by refusing payment or even blockingaaker from completing future tasi@®aolacci et al. 2010, p. 411-412).

Horton and Chilton ([2010], p. 209) document thes&rvation wages of a sample of workers from AmaZdmTurk as]

approximately log normally distributed, with a madiwage of $1.38/hour.”
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Foundation 2009a, 2009b) based on demographicatkastics and financial literacy, before extending
the investigation to other numerical skills.
Recruiting

To attract a broad sample, the MTurk posting (Hutnégiligence Task, or HIT) was entitled
“Survey: How do you decide things?” and describet@&eneral problem-solving, plus decision-making
in a business/investment setting” with keywordsvey, demographics, judgment and decision-making.”
The survey was further described as “an academeg@bout decision-making,” noting that “the syrve
should take less than 45 minutes complete in dess®gsion. (Prior responses suggest it will takg
about 30 minutes on average, but the maximum tinsetito 90 minutes to prevent you from being
accidentally timed-out!)*® The HIT further indicated that participants wothe presented with a
common business or investment situation and agkaddwer a series of questions about that sitdation
and would “also be asked some demographic quesdimhs short series of follow-up questions.” The
HIT then provided a link to the study along witkeat box into which participants were asked to ase
code they would receive at the end of the surveyder to receive payment. Eligibility for the Hiilas
set to a minimal level: a prior HIT Approval Rate &Il Requesters' HITs greater than or equal to 95
percent (to help address the concern of particippaying attention; see also Peer, Vosgerau, and
Acquisti 2013), and the Worker Location being ie th.S. (to allow for benchmarking against the
national Financial Capability Studies in the Unifétdtes). Clicking on the survey link led potentia
participants to a Qualtrics survey, which presemtadscreening questions (verifying that particiggan
were 18 years of age or older, and that they ctlyrezsided in the U.S.) and then the IRB-approved
informed consent form before continuing with thedst Payment for completing the HIT was set at
$1.00, with a maximum time limit of 90 minutéand the number of assignments (unique Workersjtset

2,000*° Data collection for this survey was completedgproximately 5 days.

13 An initial sample (n~200) was collected prior e tcurrent reported survey to gain familiarity witfTurk and to pretest materials.
14 Qualtrics recorded the time at which each parigistarted and ended the survey. The overall ifreadian) length to

complete the survey was 28.7 (26.0) minutes. &jpatnts classified as investors (defined latehis tesearch) tended to take
longer to complete the survey compared to non-tovege.g., mean of 29.8 for the broadest invedtassification versus 27.1
minutes for non-investors). This implies a medraive hourly wage for the overall sample of $2@8ich is above
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Research instrument and procedures
The survey instrument consists of three partsnaoduction (including financial confidence),
experiment replication, and participant descriggifi@cluding demographics and numerical skills).
Introduction (including financial confidence). Participants were thanked and instructed to (i)
ensure that they had sufficient time availableamplete the survey in a single session, (ii) angher
questions in the order provided, (iii) not use anyside resources other than a calculator if neeatedi
(iv) not speak with anyone while they completedghely. Participants were also warned not tohit t
“back button” on their browser because doing sold/puevent them from continuing with the survey.
Four self-assessed financial confidence questimimafed, replicated from the FINRA
Foundation (2009a, 2009b) surveys (see AppendixXThk confidence questions were asked prior to the
experimental study replications and the collectibnumerical skills because of the potential for
participants’ normal level of confidence to be eféal by perceived performance in these later tasks.
Experiment replication. Participants then are randomly allocated to betvsdmject
experimental conditions in a set of four extantoactting experiments: Elliott et al.’s (2007) Expeent
1, Kadous et al.’s (2005) Experiments 1 and 2,NMe@ldon and Rupar’s (2011) Experimenf Existing
research studies are examined, rather than dewglogw experimental materials, so the focus camiem
on the impact of investment experience and thenexbewhich participants’ numerical skills contrtbuo

the findings, rather than on potential issues iehkin the experimental materials themselves.

reservation wage of $1.38 documented by HortonGimitlon (2010) but lower than the effective hounlgige reported by
Rennekamp (2012, p. 1328) of $3.75. An earliesioerof Koonce et al. (2013) reports that thoséanstpaid $2 for
completing their experimental task, but they donepbrt effective hourly wages. Anecdotally, reséion wages are likely
rising (e.g., Amazon now includes a statementHerrequester to consider how long it will take akeoto complete the task,
noting that “a 30 second task that pays $0.0558.80 hourly wage”); however, Buhrmester et a81(1) findings suggest that
lower payment levels do not appear to affect datdity, rather the length of the overall data adiilen period.

15 While 2,000 assignments were available for payméiiin MTurk, the final number of surveys compktsithin Qualtrics is
higher at 2,097. Of the 2,000 assignments withirul4, thirteen were rejected (most commonly for pi@viding the unique
code provided at the end of the Qualtrics survéhyiclwwas needed to match responses within QuakridsMTurk). Additional
surveys completing within Qualtrics are considesely if complete, defined as those surveys whiclal@igcs has designated as
complete (i.e., participants viewed the final coatigin screen) together with those surveys in wpitticipants answered the
final check question on the last content page @ftirvey. It is important to note that particigargtained the option of omitting
individual questions within the survey; for mosegtions, participants who initially skipped a qi@stvere provided with a
pop-up reminder that the question had not been emeslvand a question about whether they wantedntiince without
answering the omitted question.

16 participants were randomly assigned to one o theetween-subject experimental conditions acribss the replicated
studies. The number of participants is notablgdathan in the original research so that, as snpkes of investors and of
higher-skilled investors are identified, a suffdi@umber of participants should remain for analysi
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The replication of Elliott et al.’s (2007) Experimel acts as a primary basis of comparison
because that research purposefully examined whstBér students can represent valid proxies for
nonprofessional investors (using members of the@YAIThe experiment is itself based on a partial
replication of Hirst et al. (1995). Participants=285) in the role of an investor assess an anadpsirt
on a firm, with or without the analyst maintainiag investment banking relationship with the firfirhe
theory underlying the effect of the investment baglelationship is one of awareness of analysts’
incentives and how those incentives could influethegr reports.

To replicate Kadous et al.’s (2005) Experimentsd 2, participants (n=682 and 683,
respectively) in the role of a supervising mandgee a decision regarding whether or not to postpon
routine but expensive maintenance on machinergrerdivision of the company. The proposal vanmes i
the presentation of quantitative information (bBttperiments), the level of subjectivity of that
information (Experiment 1), and whether the divisinanager’s incentives are consistent or incongiste
with the firm’s long-run best interests (Experim&nt The underlying theory is one of understanding
potential persuasion tactics in a business seftatger than in an individual investor settipgy sé.
Nevertheless, the authors’ participant pool wastdichto MBA students, the common proxy for
individual investors (though here proxying for fimmanagers).

To replicate Nelson and Rupar’s (2011) Experimematticipants (n=767) are asked to assess a
firm’s commodity price risk based on the providetbrmation, which varies the format of the numdrica
information (dollar vs. percentage), whether theeldising firm has a choice of format or the forigat
mandated, and, in an additional within-subject malaition, the extent of the manager’s incentive to
achieve a preferred reporting result. Thus, likmEet al.’s (2007) study, persuasion knowleageacit
managerial knowledge of the situation is requitedriderstand the potential impact of incentives, bu
technical accounting knowledge may be more reletrart general investing experience.

Kadous et al.’s (2005) experiments and Nelson amghRs (2011) Experiment 1 serve important
roles by providing conceptual replications of thgact of investment experience and the extent folwh

participants’ numerical skills contribute to thedings. Replication is important, particularly ésults
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might be affected by small design changes (Kahne2fag; Yong 2012; see also Bamber, Christensen,
and Gaver 2000), although accounting journals seldoblish stand-alone replications (Cooper and
Morgan 2008). Both of the additional experimentsmence theory regarding understanding of theyikel
impact of others’ incentives, and recruits MBA stnth as participants, although they vary in theneat

of the investment judgment or decision contextesehexperiments were selected in part because they
also reference theory regarding the processingiaftifative information. Moreover, Nelson and
Rupar’s (2011) Experiment 1 serves to extend thesitigation to a more technical context, namely
assessing a firm's commodity price risk based erptlovided accounting disclosures.

Participant descriptives (including demographics ad numerical skills). In the final section of
the survey, participants were informed that theulddre asked a series of background questions about
themselves and their experiences, with a shorsefifollow-up questions in order to help underdta
why their responses might differ from those of ofbarticipants. Demographic questions (see Appendi
A) included: gender; age category; employmentwiies during the prior week; highest level of
education; investment history in individual comparstocks and in mutual funds (either directly vers
through a pension or formal retirement accountinb@wnership; and, retirement planning. Partidipan
who reported some level of college education wise asked about their major in college (and grasluat
majors for those indicating graduate educationyyelsas the number of courses completed in
accounting, auditing, finance, statistics, and ofipecialized mathematics such as calculus. Reatits
who reported an investment history were also atike@dpproximate value of their investment portfatio
individual companies’ stocks and in mutual fundsfonding separately for investments made directly
versus through a pension or formal retirement agjolParticipants who reported an investment hysto
in stocks were asked how often they examine a cog'péinancial statements as part of their evatumati
of a potential investment in a company's stock.

Numerical skills were then assessed along a vasiedymensions (and are also provided in
Appendix A). Financial literacywas assessed using a series of five questionsopsdyiapplied in

nationwide samples selected to be representatilefCensus distributions (FINRA Foundation 2009a,
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2009h, 2012), each of which had been applied ior peisearch in a multiple choice format (e.g., kdsa
and Mitchell 2011a; van Rooij et al. 2011). Thgeestions cover fundamental concepts of interest
compounding, inflation, diversification, and presealue’’ Numeracyfundamentals were assessed using
a series of three questions from Schwartz et 807)Lto examine basic numeracy skills (coveringodém
probabilities and conversions between simple pritiiab and frequencies) and four questions from
Cokely et al. (2012) to examine higher-order nurmgskills (covering simple probability estimates as
well as Bayes’ Theorem), all presented in a mutigHoice format® Because Cokely et al.’s materials
were designed specifically for educated and higllycated samples (e.g., college students, business
professionals), | follow their suggestion to inautthe Schwartz et al. questions in order to inereas
discriminability and reduce skewness in the dataHis broader-based sampl@uantitative analytical
reasoningwas measured based on Frederick’s (2005) researchgnitive reflection (three quantitative
questions in which the initial intuitive respons#ats from the correct responsg).

Participants were also presented with a shortsefiether reasoning questions for supplemental
analyses. Specifically, two questions assessditipants’ tendencies towards probability matching
(West and Stanovich 2003), which may be relateglimtitative analytical reasoning. Tversky and
Kahneman'’s classic (1983) “Linda” question on tbejanction fallacy was included to assess prolgbili
judgment in a non-numerical format. Two questifsam Farrell, Krische, and Sedatole’s (2011, Study
2) examination of the use of simple anchors inetthje valuations of stock options, adapted to a
multiple choice format, were included for an asses# of a technical financial issue which employees
may realistically face outside of other stock magaaticipation decisions.

Finally, as participants who fail to read instroot decrease the reliability of the data, accogntin
researchers typically include instructional manggioih check questions in their experimental malteria

Because this may be particularly important for malinstruments (Goodman et al. 2012; Oppenheimer et

17 An alternative measure of financial literacy foed®n debt literacy from Lusardi and Tufano (2088} also included.

18 The multiple choice format for the Cokely et &0{2) questions was adopted for this survey, aritipteichoice versions of
the Schwartz et al. (1997) questions were develbpsed on the most frequent responses in pretesiifiifth (alternate)
question was also included, adapted from Coke#}. &t (2012) web-based version (available at:
http://riskliteracy.org.temp.realssl.com/Trylt.apwith no notable differences in inferences drdased on the original four
questions as reported or with the alternate questibstituted into the measure.

19 The multiple choice format used in the currenvsyrwas developed based on the most frequent respdm pretesting.
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al. 2009), a final check question was includechmgtudy, independent from any of the experimental
replications, asking what participants believetdéadhe purpose of the study. Within a relativelyg
textual paragraph, participants were instructechtmose the “other” option and to type the word G&ff
as their response (see, e.g., Oppenheimer etG9; Zdincel et al. 2013).

Follow-up accounting literacy survey On the final screen, participants who reported some
investment history were invited to participate isegond survey that “evaluates accounting knowléuge
individuals who have previously invested in eithrcks or mutual funds.” The survey was descrdsed
consisting of 35 accounting questions for an add#i $1 bonus payment, with the initial screening
guestion asking participants to enter either thEiurk Worker ID or the unique payment identificatio
code that would be provided at the end of the §izstey (to match responses to the first surveytand
award the bonus payments for completion of thersdsarvey.) Of the 1,218 eligible participants) 64
completed follow-up responses were obtained, fesponse rate of 52.5 percéhtTen questions were
adapted from financial accounting review chapté financial statement analysis textbook (Eastal.e
2013; presented in Appendix B), with the remair2dgguestions reproduced from a financial literacy
survey developed by R. Weil and K. Schipper, presfip administered to Board of Directors members and
executive MBA students, covering a broad rangecobanting issues (Coates et al. 2007; Weil 2012).
Comparative data:

National Financial Capability Studies

The FINRA Investor Education Foundation commissibtie first national study of the financial
capability of American adults in 2009, in consutiatwith the U.S. Department of the Treasury and
President Bush's Advisory Council on Financial tatsy (FINRA Foundation 2009a, 2009b). The overall
objectives of these studies were to “benchmarkik@igators of financial capability and evaluate how

these indicators vary with underlying demographé&havioral, attitudinal and financial literacy

20 ppproximately two weeks after the primary surveasveompleted, a reminder email was sent via therki3ystem to all
eligible participants who had not yet respondeth&follow-up survey request. The follow-up survegnained open for four
weeks following the primary survey. Anecdotal @ride (specifically, email correspondence from piérespondents)
suggests that those who completed the follow-upesumay be more advanced in their knowledge of @etiog issues than
those who did not complete the follow-up survey.
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characteristics® The “state-by-state” survey (FINRA Foundation @80was collected nationwide via
existing online survey panels. The survey coli@cteer 25,000 American adults (approximately 500 pe
state, plus the District of Columbia), with panpiants selected to be representative of Census
distributions of each state in terms of age, geretbnicity, and education. The “national” survey
(FINRA Foundation 2009b) consisted of a natiorahdom-digit-dialed telephone survey of 1,488
respondents, with a primary sample of 1,200 respisdselected to be representative of Census
distributions and some over-sampling in certaimietnd educational levels (to include a minimum of
150 in those categories). The surveys includetmresson demographic characteristics, financial
capability (e.g., accounts, debts), financial &tsr (described along with the MTurk survey question
above), financial behaviors (e.qg., credit card tsalsiccess to professional financial advice), amahtial
attitudes (e.g., confidence and risk preferentes).
Graduate Business Students

Graduate business students enrolled in recentdiabstatement analysis course sections were
asked to complete the same numerical skill measumapleted by the MTurk participants, as well a&s th
accounting quiz and Board accounting literacy aastcompleted by the subsample of MTurk
participants who self-identified as investors. d&tuts were invited to participate in the survegaon one
percent of extra course credit. Reponses are zathfpr only for those who explicitly granted
permission for their responses to be used in rekgarblications (n=45 of 53, 83 percent).
4. Results
Research questions 1 and 2: I nvestor characteristics and skills

Table 1 presents the comparison of investors velati non-investors for two investor definitions:

(1) any stock or mutual fund investment, and (3) @inect stock or mutual fund investment reported

21 Refer to http://www.finrafoundation.org/programesebility/index.htm.

22 These questionnaires and data are publicly avaiktbhttp://www.usfinancialcapability.org/downttsmphp . The FINRA
Foundation (2009a, 2009b) data are combined ingiherted analysis, but results are similar whery tré “state-by-state”
survey (FINRA Foundation 2009a) is analyzed. Ailsinstate-by-state study was repeated in 2012 RANoundation 2012).
However, this more recent study omitted one ofttveequestions to determine participants’ standmgnaestors and, therefore,
the FINRA Foundation (2012) data are omitted fromatieported analyses. Nevertheless, resultsmrasivhen the FINRA
Foundation (2012) is included in the analyses wiassible.



Individual investors’ financial literacy and numeai skills 21

history, i.e., non-retirement. Across both investor definitions, results of tlenographic characteristics
(Table 1, Panel A) show that investors are moryiko be male, tend to be older, are more likelje
employed on a full-time basis, and are more higllycated than non-investors. These differences in
characteristics are consistent with recent Swe@bhenberg and Dreber 2011; Almenberg and Widmark
2011) and Danish (van Rooij, Lusardi, and Ales§i£l2 analyses. Also across both investor defirstion
results of the financial literacy measures (TablPdnel B) show that investors are more likelydoeh
engaged in planning for their retirement (approxahe60 percent and 26 percent of investors and non
investors, respectively, have ever tried to figouehow much they would need to save for retireipent
have higher self-assessed financial abilities @yprately 5.2 and 4.5 on a scale out of 7 for ibmessand
non-investors, respectively), and higher finanlifetacy quiz scores (approximately 74 percent z6id
percent of the quiz questions were answered ctyrectinvestors and non-investors, respectively).
Importantly, these directional differences in cloéeastics and skills between investors and non-
investors are consistent with results applyingesentative national samples (untabulated; FINRA
Foundation 2009a, 2009b). To further assess wh#thenvestors sampled from MTurk are significantl
different from the investors identified through megentative national samples (i.e., FINRA Foundatio
2009a, 2009b) while controlling for the differendesample size, | randomly selected 1,000 sanyfles
2,000 observations (i.e., a similar size as the MBample) from the representative national samples
order to compute 95 percent confidence intervale&eh sample variable of inter&stResults for the
demographic characteristics in Tablel, Panel Ansthat investors sampled through MTurk are younger
(e.g., with 44 percent and 79% of investors samfiieaigh MTurk and the representative national
samples, respectively, over the age of 35) witighdr level of undergraduate education (with 6&pet

and 54% of investors sampled through MTurk anddipeesentative national samples, respectively,

Z Within investors, investment in mutual funds isrevoommonly reported through a pension or formiédexment account (57
percent) than as direct (35 percent). The oppbsids for individual companies’ stocks—investmienindividual companies’
stocks is more commonly reported as direct (49qrg)chan through a pension or formal retiremeobant (42 percent).
Findings are qualitatively similar when the invedefinitions exclude mutual funds.

24 gpecifically, each bootstrap sample is generayagibdomly sampling with replacement the observatipom the combined
FINRA Foundation (2009a, 2009b) datasets. | tlenpute the mean for each variable of interestésheesulting non-
investor or investor subsample. Two-sided 95 percenfidence intervals are determined with thd'2usd 97.4 percentiles of
the sample means. Means for the MTurk sampleignéisantly different from the representative ratal samples (FINRA
Foundation 2009a, 2009b) if the mean observed frenMTurk sample falls outside of the 95 percemificience interval.



Individual investors’ financial literacy and numeai skills 22

having earned a college degree), although the peges of investors indicating that they have
completed high school or that they have completedesievel of post-graduate college education do not
significantly differ. Results for the numericalilikin Tablel, Panel B, indicate that investorspéed
through MTurk are significantly less confident iretr financial abilities than the representativéoral
samples. Nevertheless, investors sampled throuflrivdo not significantly differ from the
representative national samples in terms of hagimgaged in planning for their retirement or in thei
financial literacy quiz scorés.

Table 2 presents additional measures of numetkdéd §including numeracy, quantitative
reasoning, and accounting literacy) not previoasigilable through national samples (FINRA
Foundation 2009a, 2009b, 2012). Perhaps not singlty given their higher education, investors fbot
definitions) have higher levels of basic and higheter numeracy and quantitative reasoning than non
investors. Investors who have some college edutalso report being substantially more likely than
non-investors who have some college educationntptate at least one class in accounting, auditing,
finance (approximately 56, 20, and 50 percent 2s63and 30 percent for investors vs. non-invastor
respectively), while being somewhat more likeyh&ve completed at least one class in statisticshar
advanced mathematics (both approximately 20 pereerit2 and 10 percent for investors vs. non-
investors, respectively). This may contributenteeistors’ higher levels of numeracy and financial
literacy. Additional accounting literacy measunae only requested from individual investors (i.e.
those who reported some history of stock or muwad investmentj® Approximately 34 percent of the
accounting quiz questions and only 12 percent@Bbard accounting literacy questions were answered
correctly, with percentages consistent acrossqiaatits who reported direct investment historiégisena

than through a pension or formal retirement account

%5 n contrast, both investors recruited through MTamd the representative national samples (FINRénBation 2009a, 2009b)
appear to differ from the type of individual invasthat has been employed as investor-particigardgscounting research,
particularly the National Association of Invest@srporation (NAIC) in the U.S. (e.g., Hodge 200&, Bondt 1998, Elliott et al.
2007). Rather, the typical investor appears tgdumger, more likely male, and somewhat less likellgave a college degree
than NAIC members (see Hodge 2003).

2 This design choice was made based on the lowenciel of accounting courses completed by non-inkestqre-testing.

27 |nvestors who reported some investment histognifndividual company’s stock (either directly braugh a pension or
formal retirement account; n=978) were also askau tften they examined a company’s financial sta@sas part of their
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Table 3 presents a comparison of investors’ nurakskills compared to participants proxying
for investors based on two measures of businessatida, and compared to graduate business students
enrolled in recent financial statement analysigsesections.

First, separating individuals who report some anafiicollege education and also report
completing at least one accounting and one finanaese (28 percent of the MTurk sample, 76 percent
of whom are also individual investors) leads toiksindifferences in financial literacy, numeracy
fundamentals and quantitative analytical reasoamthe actual investor classifications. By defnit
participants in this proxy group report higher meambers of courses in accounting and finance, and,
therefore not surprisingly, higher mean numbersoofrses in auditing and statistics, as well asérigh
measured accounting literacy.

Second, separating individuals who report some atnofugraduate-level education and also
report completing at least one accounting and oraaée course severely restricts participant alviitia
(at most 10 percent of individual investors, brgat#finedj® and often leads to greater differences than
the actual investor classifications. As with thietfeducation-based proxy, by definition, part&ifs in
this proxy group report higher mean numbers of sesiin accounting and finance, and therefore not
surprisingly, higher mean numbers of courses intimgdand statistics, as well as higher measured
accounting literacy. However, they also consisyertport higher levels of financial confidence,
financial literacy, numeracy, and quantitative gtieal skills.

Third, these results likely understate the diffeenbetween the average investor and graduate
business student$. Graduate business students in recent finaneiérsent analysis course sections

were asked to complete four of the same five mieliihoice questions for financial literacy, a mietwf

evaluation of a potential stock investment. Apjmately one-third of such investors report thatttreever” or “rarely” do so
(34.0 percent) and another third report that trenfetimes” do (32.7 percent). The percentageockshvestors who “never”
or “rarely” examine a company’s financial statensess part of their evaluation is higher for investwho reported investing in
an individual company’s stock through a pensiofoomal retirement account (46.0 percent of n=3&®#)er than directly (26.0
percent of n=589). Investors’ use of financial imediaries was not considered in the MTurk survey.

2 This estimate is based on the assumption thap&fent of these participants were also individluastors, although only 86
percent self-reported any investment history.

29 Less than one quarter of MTurk participants cfass$ias investors and who have some college edurcatajored in a
business-related discipline (Table 2). That pesgmincreases to about one third for respondeimsh&ve some college
education and have taken at least one accountohgras finance class (untabulated).
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multiple choice and fill-in-the-blank measures @jtter-order numeracy, and fill-in-the-blank measure
of basic numeracy and quantitative reasoning (thighresponses used to develop the multiple choice
response options employed in the MTurk survey): tkose granting permission for their responsdxeto
used in research publications (n=44 of 53, 83 paycthe mean percentages correct for the financial
literacy, basic numeracy, and higher-order numenagegisures (97, 84 and 54 percent, respectively) are
substantially higher than for any investor classifion or other education-based proxy reportedaipld
33 The graduate business students were also askedaete the same accounting quiz and Board
accounting literacy questions. The mean percentageect were again substantially higher thanainy
the investor classifications or other proxies régain Table 3, with a mean of 71 and 21 percerreco
for those who completed the accounting quiz and@aacounting literacy questions, respectively.
While these graduate business students’ recensaxpdo related concepts in their coursework could
improve their ability to access and apply thesecepts, the same would be true for the graduateessi
students who participate in accounting researatiesgu

Table 4 presents logistic regressions in whichigipents’ classification as an investor or non-
investor is modeled as a function of their demoli@pharacteristics and financial literacy. Beeaob
the significant correlations between the finantiiatacy quiz, numeracy fundamentals, and quaitéat
analytical reasoning measures, a first principahponent is computed for use in this and later aesfy
Using the three defined measures of financialditgr numeracy fundamentals, and quantitative acalyt
reasoning, Cronbach’s Alpha is 0.62. The firshgipal component has an eigenvalue of 1.78, explain
59.2 percent of the variance in the d4t&or each investor classification, three modedscansidered:

The first includes the numerical skills principaheponent only (Model 1). The remaining two models

%0 The mean percentage correct for the quantitaé@eaning measure is similar to non-investors agie8dent correct. The mean
is likely reduced by the fill-in-the-blank respormsede rather than multiple choice options usethéMTurk survey.

31 For each replication, the principal componentsracalculated separately, with the eigenvaluespandentages of variance
explained for the first principal component simi¢éaross replications.

32 A widely applied rule of thumb is for Cronbach’{pha to be greater than 0.70. However, Hatche941g. 137) notes that
“the social science literature does sometimes tegtodies employing variables with coefficient apieliabilities under .70 (and
sometimes even under .60!).” The second prin@paiponent has an eigenvalue of only 0.75 and exptaily 25.0 percent of
the variance in the data. Inferences from thestagregressions do not change when the secondiaircomponent is included
in the models as a control, and results usingiteedrincipal component for the experimental reglions do not replicate when
the second principal component is instead appligtie analyses.
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include demographic characteristics previously deoented to affect financial literacy, or ownership o
stocks and mutual funds, as control variables (geratje, owning one’s home, education, full time
employment, and having considered the amount reqdiar retirement; e.g., Hung et al. [2009], van
Rooij et al. [2011]). Because only participantidating some level of college education were asked
about specialized courses, Model 2 includes geiradaator variables for education while Model 3
includes two higher education indicators plus thecg&lized course measures.

Results show that, for each investor classificatibe numerical skills principal component is a
strongly significant predictor (Model 1), and remmso after including control variables (Modelsn®d a
3). Among the demographic characteristics, itasttvnoting that gender is significant before
considering educational course content (Model f28r aloing so, the effect is reduced (Model 3),
suggesting that self-selection and differenceglircational training have likely contributed to tiender
effects documented in the prior literature (e.dménberg and Dreber 2011).

Research questions 3 and 4: Impact of investment experience and numerical skills
Replication 1: Elliott et al.’s (2007) experimeint

In this first replication, participants (n=285)ttme role of an investor assess an analyst repat on
firm, with or without the analyst maintaining arv@stment banking relationship with the firm. Pafel
of Table 5 presents the main results from Elliotle(2007, Experimentl) and the replication ugim
MTurk sample. Specifically, the analyst’s credtiils viewed as significantly higher and the asalg
perceived to have a significantly lower incentisgtease management when there is no investment
banking relationship present. Correspondingly,pbeentage of funds invested in the firm is
significantly higher when there is no investmentlag relationship present. There is no signiftcan
difference in perceived earnings potential or pappreciation for the firm, either in the Elliottad.
(2007) findings or with the MTurk sample. Thuscept for the proportion preferring to invest in the
firm, the overall results for the main dependentaldes are replicated using this broader subjeot.p

Nevertheless, there is evidence that the resudtsnaderated by investment experience and

numerical skills, respectively. Specifically, iafel B of Table 5, the reported results are natifognt
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in the non-investor subsample, but all remain $icgmt in the investor subsamples. In Panel Caiflé
5, investor participants are divided into tertibesed on the numerical skills principal componant
responses are compared for the top and bottorteserfl he results remain significant in the highlsk
investor subsamples while not significant for the-skills investor subsamples. These results stigges
that limiting the participants in the original raseh increases the power of the statistical tests.

Panel D of Table 5 presents the results of theaafdn using a proxy for investment experience
(completing some college education and at leasteoeunting and one finance course) rather than
reporting investing history? Results for the investor proxy are weakened dlydnat are again
moderated by numerical skills, with three of therfdependent variables found to be significantly
affected by the presence of the investment banidgfagionship in the high-skills subsampfésyhile not
significant or marginally significant in the opptesdirection in the low-skills subsamples.

Replication 2: Kadous et al.'s (2005) Experimeht&nd 2

In the second replication, participants in the fle supervising manager (n=682 and 683 for
Experiments 1 and 2, respectively) face a decisgarding whether to postpone routine but expensive
maintenance on machinery for one division of tkempany. The proposal varies the presentation of
guantitative information (both Experiments), thedieof subjectivity of that information (Experimeh},
and whether the division manager’s incentives arssistent with the firm’s long-run best interests
(Experiment 2). Panel A of Table 6 reproduces thmmesults from Kadous et al. (2005) and presents
the replication using the MTurk sample. In Expenitnl (Experiment 2), the highest perceived
likelihood of postponement occurs when the mateaa¢ quantified and objective (consistent),
highlighted lower left corner of each of the 2 taBles. The main contrasts used to test the ttera
hypotheses are significant for both experimentsus] the results documented by Kadous et al. (2005)

are replicated using the broader subject pool.

% The second education-based proxy (i.e., some &hgriaduate-level education and also at leastagneunting and one
finance course) is not analyzed due to insufficgamhple size (n=15).

34 Note that the “proportion preferring to investtire focal firm is significant in this subsamplehaveas it is directionally
consistent but not significant in any of the MTimkestor subsamples, perhaps due to greater faityilvaith the ratios.
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For Experiment 1, Panel B of Table 6 reproducesrthim results across investor subsamples.
Within the non-investor subsample, the main coht@®ains significant, but supplemental contrasts
indicate that the result is largely due to the n&dfact of quantification. Within the investor samples,
however, supplemental contrasts better identifyniteire of the interaction, with evidence of a
significant objectivity effect when quantificatiés high, but not when quantification is low. Pa@ebf
Table 6 examines the impact of numerical skillslm@se results. The supplemental contrasts coniste
find simple effects of quantification for the lowis investor subsamples. However, the suppleaient
contrasts again find a clearer interaction forhigg-skills investor subsamples, with the effect of
objectivity significant with high quantification dmot significant with low quantification. Thesesults
suggest that the interactive effect documented dgdgis et al. (2005) is driven at least in part by
participants with investment experience and highenerical skills.

For Experiment 2, Panels D and E of Table 6 assdlhsemain result across investor subsamples
and the impact of numerical skills within invessabsamples, respectively. The planned contrast
remains significant, but supplemental contrastaataconsistently provide evidence of an interaction

Panel F of Table 6 presents the results of thécagin using a proxy for investment experience:
completing some college education and at leastiooeunting and one finance course. Results are
weakened overall for Experiment 1, with significannhtrasts only for the impact of quantificationda
for both low- and high-skill participants). Resudtre somewhat strengthened for Experiment 2, with
some evidence of an interaction effect betweenistamey and quantification differing in direction
between the low- and high-skills subsamples.

Replication 3: Nelson and Rupar’s (2011) Experintent

In the third replication, participants (n=767) asked to assess a firm’s commaodity price risk based
on the accounting disclosures presented, whiclesdhie format of the numerical information (doltar
percentage), whether the disclosing firm has acehof format or the format is mandated, and therexaf
the manager’s incentive to achieve a preferredrtieygoresult. Panel A of Table 7 reproduces thénma

results from Nelson and Rupar (2011, Experimernt) presents the replication using the MTurk sample
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As the original research states directional hypsgkel apply specific contrasts to test directi@ffacts
using a repeated measures analysis. Consistdntheitoriginal hypotheses, | find a significant maffect
of numerical format (H1). The simple effect of nenical format remains significant in all conditions
except with high management opportunity and higleiives for management, highlighted in the lower
right corner of each 2 x 2 x 2 table. The resul significant directional two-way interaction fé2
between format and opportunity in the high-incemttonditions (and not in the low-incentive condigp
and a significant directional three-way interactionH3. Thus, the results documented by Nelsah an
Rupar (2011) are generally replicated using thisber subject pool.

In Panel B of Table 7, this pattern weakly rephksafior the non-investor subgroup, obtaining a
significant directional two-way interaction betwegenmat and opportunity in the high-incentive
conditions (and not in the low-incentive conditipbsit failing to obtain a significant directionairée-
way interaction. For each of the investor subsas)ghe pattern of results repeats, with a siganific
directional two-way interaction between format apgortunity in the high-incentive conditions foreon
of the two investor subsamples (and not in the iloventive conditions) and with a marginally sigoidfint
directional three-way interaction for both investabsamples.

Panel C of Table 7 presents evidence that thetsdsuthe investor subgroups are moderated by
numerical skills. The directional three-way intdian remains significant in the high-skills invesst
subsamples, while not significant for the low-skithvestor subsamples. These results again sutljgést
the initial results are driven by participants withestment experience and higher numerical skills.

Panel D of Table 7 presents the results of theaafbn using a proxy for investment experience:
completing some college education and at leashooceunting and one finance course. Results areereak
overall, but are again moderated by numericalskitor the high-skills subsample, the patternatpe
with a significant directional two-way interactibetween format and opportunity in the high-incemtiv
conditions (and not in the low-incentive conditipasd a significant directional three-way interawti

For the low-skills subsample, the interactionsgererally not significant or in the opposite diieat
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Supplemental analyses

In three of the experiments replicated using tleaber MTurk subject pool, the results are
driven, at least in part, by participants with bthestment experience and higher numerical skills,
motivating three additional analyses: First, tHfe@$ of investor classification and numericallskil
while correlated, are not conceptually identical aan have different implications for research
applications. Two variables used to illustrats fdint: probability matching (West and Stano\2€93)
and the conjunction fallacy (Tversky and Kahnem@®3). For each of the two probability matching
guestions in West and Stanovich (2003), approxilpatee-quarter of participants answer the question
correctly, and only 15 percent of participants agsloth correctly (untabulated). With the conjimmct
fallacy, again only about one-quarter of particigeanswer the question correctly (untabulated).
Spearman rank correlations of the numerical skibssures (including financial literacy, numeracy,
guantitative analytical reasoning, and the firghgpal component of these measures) indicate a
significant positive correlation with both the atyilto correctly answer the probability matching
guestions and the conjunction fallacy questiond&a.042 two-sided). In contrast, however, investo
classification is not significantly correlated withrrectly answering the conjunction fallacy questi
(both p>0.634 two-sided), although it remains pesiy correlated with correctly answering the
probability matching questions (all p< 0.011 twdesi). Future research could examine the contextual
characteristics under which numerical skills opessparately from investment experience.

Second, the effects of investor classification anadherical skills are often presumed to improve
judgment and decision making (as in each of thikcagpd studies), but this does not hold under all
circumstances. For example, consider Farrell. st @011, Study 2) examination of the use of sempl
anchors in subjective valuations of stock optioAdapted to a multiple choice format, spearman rank
correlations reveal that, not surprisingly, noneistors are significantly more likely to report tttady do
not know the answer to the valuation question (Ipst®.001 two-sided, untabulated) than investors. F
those who chose a numerical response, investora@ie confident in their selection (both p<0.00btw

sided), but investors are no more likely to havaseim the correct response than non-investors (megat
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correlation with p>0.138 two-sided, positive coat@n with p>0.841), despite their increased
confidence. Similarly, lower numerical skills aiso correlated with participants reporting thaytdo
not know the answer to the valuation question p¢akg<0.075 two-sided). However, for those who
chose a numerical response, higher numerical skt work against the participant, being coredat
with an increase in confidence (all p<0.050 twecesdl)d an increase in the tendency to select orfeeof t
incorrect heuristic responses (all p<0.035 two-djdaend, correspondingly, a decrease in accurdcy (a
p<0.001 two-sided). One interpretation of thesdifigs is that investment experience and high nuwakri
skills, while generally helpful, do not necessanihply a sufficient level of technical expertise foore
advanced accounting settings and, therefore, malyyninemselves allow participants to be identifed
“reasonably informed investors” as conceptualizgddrounting standard setters.

Third, the level of care and effort with which peigiants completed the survey could reasonably
affect responses. Nevertheless, it is unlikely platicipant effort can fully explain the findingsthis
research. Participants’ responses to the finatlchaestion included in the survey (i.e., independe
from any of the experimental replications) is apglas a measure of overall participant care ardteff
Applying spearman rank correlations (untabulatedigther participants correctly answered the final
guestion is positively correlated with investorsslification (both p<0.042 two-sided) and the nuoari
skills measures (all p<0.001), as would be expegtetér this explanation. Whether participants
correctly answered the final question is also paig correlated with their answering the probadsili
matching questions correctly (all p<0.001), posiyvcorrelated with the choice of a heuristic resmo
for the stock option valuation question (p<0.0@kd correspondingly negatively correlated withrthei
accuracy on the stock option valuation questio®(@&1). However, whether participants correctly
answered the final question is not significantlyretated with participants’ tendency to indicatattthey
do not know the answer to the stock option valuatjoestion (p=0.866), nor with their level of rejeor
confidence when they did provide a response tatibiek option valuation question (p=0.243). Further
using a logistic regression to predict whetheripigidnts correctly answered the final question duzts

reveal any significant interaction between theveistor classification and their numerical skillgpipal
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component, which would be necessary to explairfititings for the experiment replicatiofisThus, it is
unlikely that participant effort can fully explaihe findings in this research.
5. Conclusions and Discussion

This paper provides the necessary starting poird fnore ambitious research agenda aimed at
assessing the impact of individual investors’ cbemastics and skills. Individual investors araerid to
be older, more likely to be male, more likely todreployed on a full-time basis, more highly edudate
and more likely to have engaged in retirement ptannindividual investors also tend to be more
confident in their numeric and financial abilities)d score higher on a set of basic financialditgr
guestions. These differences are consistent aarlasge sample of participants from Amazon’s MTurk
and national samples (FINRA Foundation 2009a, 2p@ktending prior analyses, results also show that
investors score higher on numeracy fundamentaloamgliantitative analytical skills.

Although these differences confirm investors’ relsophistication compared to non-investors,
the findings arguably remain inconsistent with ‘ttemsonably informed investors” as examined in
financial accounting experiments and proxied bylgede business students. Individual investors answ
an average of 74 percent of the basic financildity questions correctly. Fewer than 60 percent o
investors who have attended some amount of collem@t having completed one or more courses in
accounting or one or more courses in in finance.

Separating individuals who report some graduatetleglucation and also report completing at
least one accounting and one finance course sgJenils generalizability to general investment
populations (at most ten percent of individual stees, broadly defined), leading to more extreme
differences than the actual investor classificatiomhese individuals tend to have higher mearesdor
accounting literacy, financial literacy, numeraapdamentals, and quantitative analytical skills.

These initial findings raise questions about thiemxto which accounting research with graduate

business students as participants would replicadeganeralize to more typical investor populatioms.

35 For example, in the replication of Elliott et €2007), whether participants correctly answereditied question does not
significantly interact with the investment bankimgnipulation in affecting participants’ dependerdgments of credibility,
incentives to please management, or the percenfdgads invested (the interpretation of which r@mainchanged).
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examine the impact of investment experience aradaglnumerical skills on such studies, participamee
randomly allocated to experimental conditions sekected set of extant accounting research studies.
Across the replications, the results tend to beerated by investment experience; however, numerical
skills further moderate the effects within the istag subsample. Specifically, investors witgher
numerical skills are more sensitive to others’ imicees and are more likely to incorporate that
understanding into their judgments than amestors with lowenumerical skillssuggesting that limiting
the pool of participants in the original reseamtréases the power of the statistical tests.

Libby et al. (2002, p. 802) recommend that potépiaticipants be matched to the goals of the
experiment, while avoiding the use of more sopteséid participants than necessary to achieve those
goals. By benchmarking investor participants agfaiecent nationwide samples selected to be
representative of Census distributions (FINRA Faiimth 2009a, 2009b), the current study helps inform
the growing body of research employing MTurk pdptants. The current research provides an extensive
description of MTurk participants along the dimems most likely to be of interest to accounting
researchers (i.e., investment experience and noatskills). Based on the current findings, reskears
interested in issues broadly relevant to nonprajeas U.S.-based investors could legitimately asces
such individuals via Amazon’s Mechanical Turk pbath by employing an investment filter during the
recruiting process. Depending on the theory adptieese researchers should also consider collectin
additional characteristics (such as the numerkilisollected in this study) as additional exmsary
variables for their analyses.

Behavioral research aiming to address issues miévandividual or nonprofessional investors,
motivated in part to help inform regulators, magdéo consider implications not only for higherigki
investors but also the wider range of skill sepge@sented in the investor population and documented
the current research. Nevertheless, future betaviesearch should also examine the generalipabfii
the current results to tasks that involve more ifipdimancial accounting settings (such as thewddive
disclosures in Koonce et al. 2013) or tasks thatelatively high in integrative complexity (such a

Elliott et al.’s [2007] Experiment 2). Further, ikéhthis research documents that U.S. investors ten
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have better numerical skills than the general Pdpulation, investor classification and numeriddlls
are not perfectly correlated concepts. Circum&smso exist in which improvement in numericallski
does not necessarily lead to improvement in juddrtsarch as in the use of simple anchors in subjecti
valuations of stock options documented in thisaed®. Future research should therefore examme th
situational characteristics that allow numericallsko operate and to improve performance in fitiah
settings, both contingent on and independently firnrastor status.

Finally, behavioral finance has recognized thaegters have limited attention and processing
power (e.g., Hirshleifer and Teoh 2003). This pajmuments the range and impact of investors’
numerical skill limitations, helping to explain hamd why prior researchers have found empiricalltes
consistent with limited attention and processinggo(e.g., Jiang et al. 2013; Malmendier and
Shanthikumar 2007). Similar to earlier researett began to differentiate amongst institutionakstors
(e.g., Bushee 2001), future research should conisidetifying empirical proxies that could be ajgliin
archival settings (beyond trade size, e.g., Malnerahd Shanthikumar 2007) to capture individual

investors’ numerical skills and relative sophidiima.
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APPENDIX A
Financial Confidence, Demographic and Numerical SKs Survey Questions

This appendix presents the financial confidenceyatgaphic, and numerical skills questions from the
MTurk survey sample. Question numbers are inclumgdw to represent the order of the questions as
presented to participants; however, participardsndi see these numberings as part of the survey.
Sources for the questions, if applicable, are plediwithin parentheses following the text of thegtion
(also not provided to the survey participants).nditional questions are described in italicized,tex
generally following the question that would havigdered the presentation of that conditional qoesti

Financial confidence

How strongly do you agree or disagree with theofeihg statements?
Seven-point scale from “Strongly Disagree” to “Sigty Agree”
(Source: FINRA Foundation 2009a, 2009b)

1. | am good at dealing with day-to-day financial reegt such as checking accounts, credit and
debit cards, and tracking expenses

2. | am pretty good at math

3. I regularly keep up with economic and financial sew

4. On ascale from 1to 7, where 1 means “Very Lowd Zrmeans “Very High,” how would you
assess your overall financial knowledg&@urce: FINRA Foundation 2009a, 2009b)

Demographic questions

5. What is your gender?
Multiple choice: Male; Female

6. How old are you?
Multiple choice: Under 18; 18-25; 26-34; 35-54; &%-65 or over

7. How old were you when you first learned to speaglish?(Source: Greenberg, Jin and White 2007,
A-8)
Multiple choice: Less than 5 years old; 5-10 yedds 11-15 years old; 16-20 years old,;
21 years or older

8. Do you consider your political views to b€Source: Kadous 2001, adapted)
Multiple choice: More liberal; More conservative

9a. What you were doing last week? (Please chdbd@tapply.)(Source: Greenberg et al. 2007, D-1)
Multiple choice:
Working a full-time job for pay or profit, th&, 35 hours or more?
Working for pay or profit part-time, that is,3% hours?
Working two or more part-time jobs for pay, lotg 35 or more hours?
Unemployed, laid off, or looking for work?
With a job but not at work because of tempoitmgss, vacation, or work stoppage?
With a job but on family leave (maternity or @atity leave)?
In school?
Keeping house?
Doing volunteer work?
Other (please specify)
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Conditional question, presented if one of firstreigponses was selected for question 9a:
9b. For what kind of business or industry do yodidryou work? Choose one from the list below
that best matches the job you consider to be yoorapoy employment,(Source: Kutner et al.
2007, adapted from Table 4-1)
Multiple choice: Construction and Extraction; Farg) Fishing, and Forestry;
Installation, Maintenance, and Repair; Office ardthinistrative Support;
Management, Business, and Financial; ProductiosfeBsional and related,;
Sales and related; Service; Transportation and fidhtdoving;
Other (please specify) or not applicaldfdlfin-the-blank box provided

Definitions of each category followed but are neplicated here.

10a.What is the highest level of education you t@mapleted?Source: Greenberg et al. 2007,
adapted from B-1)
Multiple choice: Less than High School (0-8 years)
Some High School (9-12 years, but did not graduate)
GED or High School Equivalency; High School Gradyiat
Attended a Vocational or Trade School after High&x; Some College (no
degree); 2-year College Degree (Associate's degree)
4-year College Degree (BS, BA, or similar);
Some postgraduate (no degree); Postgraduate (M$SPWB, MD, etc.)

Conditional question, presented if “Some Colleg&-year College”, or “4-year College” was
selected for question 10a:
10b.What is or was your major in collegeRillfin-the-blank box providefd

Conditional questions, presented if “Some postgedeluor “Postgraduate” was selected for
guestion 10a:

10c.What was your undergraduate majdfil-[n-the-blank box provide(d

10d.What is or was your graduate majoF2ll{in-the-blank box providegd

Conditional question, presented if “Some College’hiher levels of education were selected for
guestion 10a:
10e.Approximately how many of the following coursese you completed?

Accounting — Multiple choice: None; 1-3; 4:100+

Auditing — Multiple choice: None; 1-3; 4-1Q,0+

Finance — Multiple choice: None; 1-3; 4-100+

Statistics — Multiple choice: None; 1-3; 4:100+

Other specialized mathematics (for example,utad) — Multiple choice: None; 1-3; 4-10; 10+

1la.Have you ever invested in... (Choose all thptyd)
An individual company's stock — Multiple choic¥es, directly; Yes, through a pension or
formal retirement account; No
A mutual fund — Multiple choice: Yes, directlyes, through a pension or formal retirement
account; No



Individual investors’ financial literacy and numeai skills 36

Conditional question, presented if “Yes, directty”“Yes, through a pension or formal retirement
account” was selected for either “Individual compastocks” or “Mutual funds” in question 11a:
11b.Approximately what is the current value of yowrestment portfolio in...
... Individual company stocks— Invested directillFin-the-blank box providef]
Held through retirement accountkil[-in-the-blank box provide(d
... Mutual funds— Invested directl¥{ll-in-the-blank box provideld
Held through retirement accountkil[-in-the-blank box provide(d

Conditional question, presented if “Yes, directty”“Yes, through a pension or formal retirement

account” was selected for “Individual company steiti question 11a:

11c.When evaluating a company's stock as a potémiestment, how often do you examine a
company's financial statements (for example, thndatgyannual report or SEC filings) as part of
your evaluation?Adapted from Abt SRBI [2008], p.12)
Multiple choice: Never; Rarely; Sometimes; Mostled Time; Always

12. Do you rent or own your home?
Multiple choice: Rent; Own;
Neither — | am staying with family or friends withioeither renting or owning;
Neither — | do not currently have a home.

13a.Have you ever tried to figure out how much goyour household would need to save for
retirement{Source: Lusardi and Mitchell 2008, 2011b)
Multiple choice: Yes; No

Conditional question, presented if “Yes"was selddia question 9a:
13b.Have you developed a plan for retirement s&{(8gurce: Lusardi and Mitchell 2008, 2011b)
Multiple choice: Yes; No

Conditional question, presented if “Yes"was selddi@ question 9a:
13c.How often have you been able to stick to tRaeP(Source: Lusardi and Mitchell 2008, 2011b)
Multiple choice: Always; Mostly; Rarely; Never

14. How do you see yourself: Are you generallyeespn who is fully prepared to take risks or do
you try to avoid taking risksSource: Dohmen et al. 2010, 2011)
10-point scale, numbered from 1 (“Not at all wifjito take risks”) to 10 (“Very willing to take
risks”)

15. Which of the statements below comes close$igt@mount of financial risk that you are willing
to take when making investments or savifg@urce: Sages and Grable 2010)
Multiple choice: Take substantial financial risk expecting to earpstantial returns;
Take above-average financial risks expecting ta above-average returns;
Take average financial risks expecting to earnagereturns;
Not willing to take any financial risk.



Individual investors’ financial literacy and numeai skills 37

Numeracy fundamentals

16.

17.

18.

19.

20.

21.

22.

23.

Imagine that we flip a fair coin 1,000 timesh&Yis your best guess about how many times the
coin would come up heads in 1,000 fligSdurce: Schwartz et al. 1997, adapted to multiple
choice format)
Multiple choice: 50 times out of 1,000; 100 times out of 1,000; 86&s out of 1,000;

505 times out of 1,000; None of the above; Dondvkn

In the BIG BUCKS LOTTERY, the chance of winniag10 prize is 1%. What is your best guess
about how many people would win a $10 prize if 0,p@ople each buy a single ticket to BIG
BUCKS?(Source: Schwartz et al. 1997, adapted to mulipleice format)
Multiple choice: 1 person out of 1,000; 10 people out of 1,000; d@&aple out of 1,000;

990 people out of 1,000; None of the above; Damivk

In ACME PUBLISHING SWEEPSTAKES, the chance dfiming a car is 1 in 1,000. What
percent of tickets to ACME PUBLISHING SWEEPSTAKES®wa carASource: Schwartz et al.
1997, adapted to multiple choice format)

Multiple choice: 0.001%; 0.1%; 1%; 10%; None of the above; Don'tkno

Imagine we are throwing a five-sided die 50e8rOn average, out of these 50 throws how many
times would this five-sided die show an odd nuntieB or 5)ASource: Cokely et al. 2012,
adapted multiple choice options)
Multiple choice: 5 out of 50 throws; 20 out of 50 throws; 25 oub6fthrows;

30 out of 50 throws; None of the above; Don't know

Out of 1,000 people in a small town, 500 arenlmexs of a choir. Out of these 500 members in the
choir, 100 are men. Out of the 500 inhabitants &n@tnot in the choir, 300 are men. What is the
probability that a randomly drawn man is a membehe choir? Please indicate the probability

in percent. (Source: Cokely et al. 2012, adapted multiple chaiptions)

Multiple choice: 10%; 20%; 25%; 40%; None of the above; Don't know

Imagine we are throwing a loaded die (6 sid€dg probability that the die shows a 6 is twice as
high as the probability of each of the other nurab@n average, out of these 70 throws how
many times would the die show the numbe(®durce: Cokely et al. 2012, adapted multiple
choice options)
Multiple choice: 20 out of 70 throws; 23 out of 70 throws; 35 olu7 @ throws;

40 out of 70 throws; None of the above; Don't know

In a forest, 20% of mushrooms are red, 50% bramd 30% white. A red mushroom is poisonous
with a probability of 20%. A mushroom that is netlris poisonous with a probability of 5%.
What is the probability that a poisonous mushrooiie forest is red@ource: Cokely et al.

2012, adapted multiple choice options)

Multiple choice: 4%; 15%; 25%; 50%; None of the above; Don't know

Consider each of the following pairs separa{@ygurce: Cokely et al. 2012, alternate, added “no
preference” options)

(a) Which option do you prefer?

Multiple choice: $3,800 next month; $3,400 now; No preference

(b) Which option do you prefer?

Multiple choice: $100 for sure; 60% chance to $2%0; No preference

(c) Which option do you prefer?

Multiple choice: Lose $100 for sure; 70% chanclse $200; No preference
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Financial literacy

24. Suppose you had $100 in a savings accounthanidterest rate was 2% per year. After 5 years,
how much do you think you would have in the accdtupbu left the money to growmBSource:
Lusardi and Mitchell 2011a; FINRA Foundation 2002809b)

Multiple choice: Less than $102; Exactly $102; More than $102; Diorttw

25. Imagine that the interest rate on your savaggeunt was 1% per year and inflation was 2% per
year. After 1 year, how much would you be ableug With the money in this accounfSource:
Lusardi and Mitchell 2011a; FINRA Foundation 2002809b)

Multiple choice: More than today; Less than today; Exactly the sdbegt know

26. If the interest rate falls, what should hapfmehond prices?Source: van Rooij et al. 2011;
FINRA Foundation 2009a, 2009b)
Multiple choice: Rise; Fall; Stays the same; Don't know

27. Please indicate whether this statement isardalse: Buying a single company’s stock usually
provides a safer return than a stock mutual f¢8durce: Lusardi and Mitchell 2011a; FINRA
Foundation 2009a, 2009b)

Multiple choice: True; False; Don't know

28. Please indicate whether this statement isardalse: A 15-year mortgage typically requires
higher monthly payments than a 30-year mortgagethieutotal interest paid over the life of the
loan will be less(Source: van Rooij et al. 2011; FINRA Foundatioi®28, 2009b)

Multiple choice: True; False; Don't know

Quantitative analytical reasoning

35. A bat and a ball cost $1.10 in total. The losts $1.00 more than the ball. How much does the
ball costASource: Frederick 2005, adapted to multiple ckdiarmat)
Multiple choice: 5 cents; 10 cents; 50 cents; 105 cents; None adlibge; Don't know

36. If it takes 5 machines 5 minutes to make 5 efisighow long would it take 100 machines to make
100 widgetsTSource: Frederick 2005, adapted to multiple chdiarmat)
Multiple choice: 5 minutes; 20 minutes; 100 minutes; 500 minutes)eNaf the above;
Don't know

37. In a lake, there is a patch of lily pads. Ewvaaty, the patch doubles in size. If it takes 48day
the patch to cover the entire lake, how long wdtddke for the patch to cover half of the lake?
(Source: Frederick 2005, adapted to multiple chdimrmat)

Multiple choice: 12 days; 24 days; 47 days; 96 days; None of theegtiwon't know
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Other reasoning
Probability Matching

29. A card deck has only 10 cards: 7 of the caad® the letter “a” on the down side. 3 of the cards
have the letter “b” on the down side. The 10 camdsrandomly shuffled. Your task is to guess
the letter on the down side of each card befagetitrned over. Pretend that you will win $100
for each card’s down side letter you correctly predou must make your prediction for all 10
cards before you get to see any of the cards tieingd over. Indicate your predictions for each
of the 10 cards belowSource: West and Stanovich 2003)

Card #1 will be... Card #2 will be... Card #3 vid#... Card #4 will be... Card #5 will be...
Card #6 will be... Card #7 will be... Card #8 vii#... Card #9 will be...
Card #10 will be...Each Card with multiple choice: a] b

31. A die with 4 red faces and 2 green faces wilidlled 60 times. Before each roll you will be
asked to predict which color (red or green) wilbshup once the die is rolled. Pretend that you
will be given one dollar for each correct predintid\ssume that you want to make as much
money as possible. What strategy would you usedardo make as much money as possible by
making the most correct prediction&durce: West and Stanovich 2003)

Multiple choice: Strategy A: Go by intuition, sefiing when there has been too many of one
color or the other;

Strategy B: Predict the more likely color (red)ranst of the rolls but
occasionally, after a long run of reds, predicegre

Strategy C: Make predictions according to the fesmy of occurrence (4 of 6
for red and 2 of 6 for green). That is, predictosvas many reds as greens.

Strategy D: Predict the more likely color (red)aihof the 60 rolls.

Strategy E: Predict more red than green, but swi¢chack and forth depending
upon “runs” of one color or the other.

Conjunction fallacy

30a. Linda is 31 years old, single, outspoken\amg bright. She majored in philosophy. As a
student, she was deeply concerned with issuesofigtination and social justice, and also
participated in anti-nuclear demonstrations. Whiltarnative is most likely@Source: Tversky
and Kahneman 1983)

Mutiple choice: Linda is a bank teller and is @aetin the feminist movement; Linda is a bank teller

30b. Follow-up: Have you seen the "Linda" questiefore? (Source: Suggested by Paolacci et al. 2010)
Mutiple choice: No; Yes (please indicate where g textbook, survey)
[Fill-in-the-blank box provided
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Debt literacy

32. Suppose you owe $1,000 on your credit cardlaéhterest rate you are charged is 20% per year
compounded annually. If you didn’'t pay anything, aff this interest rate, how many years would
it take for the amount you owe to doub({&durce: Lusardi and Tufano 2009)
Multiple choice: 2 years; Less than 5 years; 5 to 10 years; More 1Bayears; Don't know

33. You owe $3,000 on your credit card. You payrti@mum payment of $30 each month. At an
Annual Percentage Rate of 12% (or 1% per monthy, many years would it take to eliminate
your credit card debt if you made no additional renarges?Source: Lusardi and Tufano 2009)
Multiple choice: Less than 5 years; Between 5 to 10 years; Betweemd 15 years;

Never, you will continue to be in debt; Don't know

34. You purchased an appliance which costs $1,00@ay for this appliance, you are given the
following two options:
(a) Pay 12 monthly installments of $100 each; or,
(b) Borrow at a 20% annual interest rate and pak 84,200 a year from now.
Which is the more advantageous offé8@urce: Lusardi and Tufano 2009)
Multiple choice: Option (a); Option (b); They are the same; Dontin

Anchors in subjective valuations of stock options

38a.Assume you work for a firm and earn an $80[2 salary. The firm also grants you Employee
Stock Options (ESOs) on a regular basis. To gatehave received one such ESO grant. Please
use the information provided below about your ES&nhgto answer the questions that follow.
ESO Grant Number of options: 1,000

Grant date: 1 year ago
Vesting date: 4 years from today
Expiration date: 9 years from today
Stock price today: $30 per share
Exercise price: $20 per share
Risk-free interest rate: 4 percent

Stock price volatility: 30 percent

If you were to leave the firm today, the tatalue of your first grant of 1,000 ESOs that you
would forfeit would be about what amount? All vaugelow are rounded to the nearest $1,000.
Please do not consider possible income tax imdicat(Source: Farrell et al. 2011, adapted to
multiple choice format)

Multiple choice: $0; $10,000; $12,000; $18,000; $20,000; $30,000;
None of the above (Please provide your estima\)gFill-in-the-blank box
provided; Don't know

Conditional question, presented if a response othan “Don’t know” was selected for question 34a:
38hb. How confident are you that your above estirissecurateiSource: Farrell et al. 2011)
Eleven-point Likert scale, anchored with “Not dtanfident” to “Extremely confident”
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Instructional check

39. What do you think was this study about? Rebeia decision making shows that people, when
making decisions and answering questions, prefetonmay attention and minimize their effort
as much as possible. Some studies show that o%mo5@eople don't carefully read questions.
If you are reading this question and have reathalbther questions, please select the box
marked ‘other’ and type ‘effort’ in the box beloWhank you for participating and taking the time
to read through the questions carefu(lgburce: Oppenheimer et al. 2009, adapted; see e.g
Tuncel et al. 2013
Multiple choice: Numeracy; Financial literacy; @&eal decision making;

Financial decision making; Othdfi[l-in-the-blank box provide(d
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APPENDIX B
Accounting Quiz Questions

This appendix presents the accounting quiz questdapted from Easton et al. (2013) and included in
the MTurk survey sample. Question numbers areidted below to represent the order of the questions
as presented to participants; however, participdidtsiot see these numberings as part of the surVbg
remaining 25 questions adopted from a financiatdity survey developed by R. Weil and K. Schipper
are available from the original authors on req(€states et al. 2007; Weil 2012) and so are not
reproduced in this appendix.

1. Indicate which of the following items would be ref@al in a company's balance sheet. (Check all
that apply.)
Multiple choice: Wages expense; Retained earni@gkes; Accumulated depreciation;
Wages payable; Net income; Interest expense; kitpeyable; Depreciation
expense; Don't know

2. The total assets of Dell, Inc. equal $15,470 milland its equity is $4,873 million. What is the
amount of its liabilities, and what percentageio@ifcing is provided by Dell’'s owners?
Multiple choice: $20,343 million, 76.0% ; $10,58ifllion, 31.5% ; $10,597 million, 68.5% ;

$20,343 million, 24.0% ; Don't know

3. Atthe beginning of a recent year, The Walt Dis@@ynpany’s liabilities equaled $26,197
million. During the year, assets increased by $#don and year-end assets equaled $50,388
million. Liabilities decreased $100 million duritige year. What were beginning and ending
amounts for Walt Disney’s equity?

Multiple choice: $26,197 million beginning equapnd $24,291 million ending equity;
$23,791 million beginning equity and $24,291 milliending equity;
$23,791 million beginning equity and $27,042 mitliending equity;
$27,042 million beginning equity and $25,183 milliending equity;
Don't know

4. The table below contains selected income stateam@hbalance sheet data for four companies,
each in different industries.

(Smillions) ~ Sales | SOStof Oross' Net rocets Liabiities s‘“é‘:&'t:ers'
Harley-Davidson | 5,342 3,302 | 2,040 960 5,255 2171 3,084
Nike, Inc. 13,740 7624 6116 1212 8,794 3,149 5,645
Starbucks Corp. | 6,369 2,605 | 3,764 494 | 3514 1,423 2,091
Target Corp. 51,271 34927 16,344 2,408 34,995 20,790 14,205

(a) Which company in the table reports thighest ratio of net income to equity?
Multiple choice: Harley-Davidson; Nike, Inc.; Staicks Corp.; Target Corp.; Don't know

(b) Which company in the table reports thighest percentage of liabilities to equity?
Multiple choice: Harley-Davidson; Nike, Inc.; Staicks Corp.; Target Corp.; Don't know
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o1

Colgate- Palmolive reports the following dollar &rates in its retained earnings account:

($millions) 2005 2004
Retained earnings $8,968.1 $8,223.9

During 2005, Colgate-Palmolive reported net incah$1,351.4 million. What amount of

dividend, if any, did Colgate-Palmolive pay tostgareholders in 2005?

Multiple choice: $301.2 million ; $607.2 millio§744.2 million ; No dividends were paid ;
Don't know

Healy Corporation recorded service revenues of $8@0in 2007, of which $80,000 were on
credit and $120,000 were for cash. Moreover, ofp#@ 000 credit sales for 2007, Healy
collected $20,000 cash on those receivables bgéaeend 2007. The company also paid
$40,000 cash for 2007 wages. Its employees alsmeéanother $20,000 in wages for 2007,
which were not yet paid at year-end 2007. Comphgecbmpany’s net income for 2007.
Multiple choice: $160,000 ; $140,000 ; $80,00@0.9800 ; Don't know

Plexi Corporation recorded service revenues of EIDin 2009, of which $80,000 were on
credit and $70,000 were for cash. Moreover, offi®@,000 credit sales for 2009, Plexi collected
$30,000 cash on those receivables before year@0@l Zhe company also paid $30,000 cash for
2009 wages. Its employees also earned another@2h@vages for 2009, which were not yet
paid at year-end 2009. How much net cash inflowtldéddcompany generate in 2009?

Multiple choice: $40,000 ; $120,000 ; $100,0000.$800 ; Don't know

Suppose that the following events took place atdttygtical, Inc. When each transaction was
recorded, what was the directional effect on (dal dssets, (ii) Total Sales, (iii) Net Income, and
(iv) Total Shareholders’ Equity? § Indicate yoesponse by selecting the appropriate directional
effect. Unless otherwise specified, assume theaction was recorded on the last day of
Hypothetical's current fiscal year (December 31120 Ignore income tax effects.

(a) A decision was reached to decrease the compangrsntuallowance for bad debts’ by $37.

Multiple choice: Increase / Decrease / No effdaoh't Know for each of
(i) Total Assets, (ii) Total Sales, (iii) Net Incemand (iv) Total Shareholders’ Equity

(b) The company received products of $80 that it hadipusly ordered, and a corresponding

account payable was recorded.
Multiple choice: Increase / Decrease / No effdabh't Know for each of
(i) Total Assets, (ii) Total Sales, (iii) Net Incemand (iv) Total Shareholders’ Equity
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TABLE 1. Comparison of Demographic Characteristicsand Financial Literacy by Investor Classification,Benchmarked to National Samples

Panel A: Demographic Characteristics
Non-Investors (N~878

Variable
Gender (Male)
Age (minimum)

Education (minimurr
High school degree

College degree

Some post-graduate

Employed full time
Own home

Investor Def" 1: Any (N~1,218

Investor Def” 2: Direct (N~716'

Panel B: Financial Literacy

Variable

Retiremer plannin¢
Financial confidence

Financial literacy

Mean Expected Confidence Mean Expected Confidence Mean Expected Confidence
Resuli Mean Interval Resuli Mean Interval Resuli Mean Interval
41.1% 419% 38.7% - 44.9% 47.8% * 53.0% 49.7% - 56.2% 55.2% 52.4% 48.9% - 55.9%
51.1% * 83.9% 81.6% - 86.3% 81.4% * 94.3% 92.9% - 95.8% 782% * 94.2% 92.6% - 95.8%
16.3% * 64.9% 61.8% - 68.1% 43.8% * 78.6% 759% - 81.3% 44.1% * 79.8% 76.8% - 82.5%
24% * 27.8% 249% - 30.9% 9.3% * 35.3% 32.0% - 38.4% 11.6% * 39.1% 355% - 425%
02% * 13.7% 11.4% - 16.0% 16% * 16.4% 14.0% - 18.7% 22% * 19.5% 16.8% - 22.3%
97.7% * 96.0% 94.7% - 97.1% 99.3% 99.2% 98.6% - 99.7% 99.6% 99.1% 98.3% - 99.7%
42.3% * 26.0% 23.2% - 28.9% 65.7% * 53.7% 50.3% - 57.0% 67.0% * 54.3% 50.6% - 58.0%
10.4% * 73% 58% - 9.1% 21.0% 223% 19.7% - 25.1% 22.3% 23.3% 20.3% - 26.6%
26.8% * 38.9% 356% - 42.0% 50.9% * 59.1% 558% - 62.4% 50.3% * 549% 51.4% - 58.7%
19.4% * 49.7% 46.5% - 52.7% 447% * 79.8% 77.0% - 82.5% 459% * 81.3% 78.4% - 84.2%
Non-Investors (N~878) Investor Déf1: Any (N~1,218) Investor DeT2: Direct (N~716)
Mean Expected Confidence Mean Expected Confidence Mean Expected Confidence
Result Mean Interval Result Mean Interval Result Mean Interval
26.2% 28.9% 25.9% - 31.8% 59.4% 63.3% 59.4% - 66.5% 62.2% 64.5% 60.9% - 67.9%
45 * 5.0 50 - 51 51 * 5.6 55 - 57 53 * 5.6 56 - 5.7

59.4% * 55.4% 53.6% - 57.2% 73.3% 742% 726% - 75.7% 74.4% 73.9% 72.0% - 75.6%

This table presents a comparison of demographi@ctezistics (Panel A) and financial literacy (PaB)e benchmarked against data from representag@i®nal samples (FINRA
Foundation 2009a, 2009b), for investors relativadn-investors, classified according to two investefinitions: (def 1) any stock or mutual fund investment, and'(@¢fany
direct stock or mutual fund investment reporteddnis i.e., non-retirement. Non-investors are thoet classified as investors under either deinitiMean results are presented
for the current research sample (MTurk), wheredidates that the observed mean is significantlfiecght from expectations based on the 95% confielémterval for that
variable. Expectations are based on representaditienal samples (FINRA Foundation 2009a, 200&tih confidence intervals constructed based on@r@@domly selected
samples of 2,000 observations (i.e., a similar agzthe MTurk sample) from the representative natisamples. Specifically, each bootstrap sampenerated by randomly
sampling with replacement the observations froncthrabined FINRA Foundation (2009a, 2009b) datasiets) separated into investor and non-investorasupkes, with the
mean for each variable computed for each resustitggample. Two-sided 95 percent confidence inkeara then determined by observing thd'asd 97.4 percentile.
Observed means for the MTurk sample are signifigatifferent from the representative national saesFINRA Foundation 2009a, 2009b) if the mean nkexkfrom the

MTurk sample falls outside of the 95 percent cagrfice interval.

Investors are identified from the (FINRA Foundatk909a, 2009b) based on two questions, one foretmrement account investments and one on retireamount
investments in stocks or mutual funds investedaoks. All other questions used to collect eadlade are presented in Appendix A. All demograplariables (Panel A) and
Retirement planning (Panel B) represent the peagendf participants meeting the criteria for thetiable (e.g., 41.1% for Gender indicates that%lof participants in that
category are male; 26.2% for Retirement planniniicetes that 26.2% of participants in the catediaye tried to figure out how they would need toesfor retirement).
Financial confidence is the mean rating for fouf-assessed financial confidence questions re@it&om FINRA Foundation (2009a, 2009b) on a sfrale 1 (Very Low) to 7
(Very High)—see Appendix A, Questions 1 throughFMnancial literacy is the percentage of questjensicipants answered correctly from a serieswa financial knowledge
quiz questions replicated from FINRA FoundationQ28, 2009b) on a scale from 1 (Very Low) to 7 (Vigh)—see Appendix A, Questions 24 through 28.
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TABLE 2: Additional Measures of Numerical Skills by Investor Classification

Non-Investors Investor Def" 1: Any Investor Def” 2: Direct
(N~878 (N~1,218 (N~716
Variable Mean Median Mean Median Mean Median
Numeracy:
Basic numeracy 62.4% 66.7% 66.4% 66.7% 68.1% 66.7%
Higher order numecy 30.9% 25.0% 34.5% 25.0% 35.5% 25.0%
Numeracy 44.4% 42.9% 48.2% 42.9% 49.5% 42.9%
fundamentals
(combined basic and
higherorder numerac
Quantitative analytical 33.1% 33.3% 40.3% 33.3% 42.4% 33.3%
reasoning
Specialized educatic®
At least one course in
Accounting 31.6% No 55.5% Yes 59.5% Yes
Auditing 6.4% No 19.3% No 22.8% No
Financ: 30.4% No 49.2% No 56.2% Yes
Statistics 58.6% Yes 70.3% Yes 76.1% Yes
Math 67.6% Yes 76.9% Yes 80.7% Yes
Business education
Undergraduate 11.9% No 18.8% No 21.3% No
Graduate 10.0% No 19.1% No 20.0% No
Investors responding to
follow-up surve:!
Accounting quiz N/A N/A 33.8% 31.3% 35.1% 37.5%
Board acctg literacy N/A N/A 12.4% 12.0% 12.9% 12.0%

This table presents means and medians for additie@asures of numerical skills not previously aaalié through national
samples (FINRA Foundation 2009a, 2009b, 2012)rfeestors relative to non-investors, classified atiog to two investor
definitions: (def 1) any stock or mutual fund investment, and(@gfany direct stock or mutual fund investment régub
history, i.e., non-retirement. Non-investors drese not classified as investors under either iefin

Numeracy measures are the percentage of questioticpants answered correctly from a series adghlquestions on basic
numeracy skills (covering simple probabilities auahversions between simple probabilities and fragiegs—see Appendix A,
Questions 16 through 18) and four questions ondmigihder numeracy skills (covering simple probapidistimates as well as
Bayes’ Theorem—see Appendix A, Questions 19 thr@®h Quantitative analytical reasoning is thecpatage of questions
participants answered correctly from a series @felguestions on cognitive reflection (three guatinie questions in which the
initial intuitive response differs from the correesponse— see Appendix A, Questions 35 through @durse and business
education variables represent the percentage tifipants meeting the criteria for that variableg(e31.6% for Accounting
indicates that 31.6% of participants in that catggeho attended some amount of college completéebat one accounting
course). The Accounting quiz and Board acctgditgrmeasures are the percentage of questionsipantis answered correctly
from two series of questions— specifically, quassifor the Accounting quiz were adapted from tharficial accounting review
chapters of a financial statement analysis textlieek Appendix B), while questions for the Boardt@diteracy measure were
adopted from a financial literacy survey developgdR. Weil and K. Schipper, previously administeted@oard of Directors
members and executive MBA students, covering acbraage of accounting issues (Coates et al. 20@i;, 2012).

(@) Only participants who indicated some levetaifege education were asked about their majorcandses in accounting,
auditing, finance, statistics, and other advancathematics. This resulted in 703, 1105, and 6ifbé non-investors,
investors under defl, and investors under def, respectively, to answer the course and undéugta major questions, and
in 91, 256, 160 eligible non-investors, investander def 1, and investors under d&X, respectively, to answer the
graduate major question.

(b) Only participants who indicated some investhigstory were eligible to participate in the falleup survey in which the
accounting literacy measures were collected (Aqaig and Board Acctg Literacy). All respondentstte follow-up
survey (N=640) therefore qualified as investorsarrakf 1, of whom 367 also qualified as investors undt 2.
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TABLE 3: Comparison of Numerical Skill Measures acoss Investor Classifications and Education-Based Bxies for Investors

Investor Def" 1: Investor Def" 2: Proxy 1: Proxy 2: Acctg & Current Graduate
Any Direct Acctg & Fin Fin + Some Grad Business Students
(N~1,218) (N~716) (N~582) (N~124) (N~45)
Variable Mean Median Mean Median Mean Median Mean Median Mean Median
Financial confidence 5.1 5.3 5.3 5.5 5.4 5.5 5.6 5.8 (b) N/A
Financial literacy 73.3% 80.0% 74.4% 80.0% 72.1% 80.0% 78.1% 80.0% (c) 95.7% 100.0%
Numeracy
Basic numerac 66.4% 66.7% 68.1% 66.7% 65.3% 66.7% 75.0% 66.7% 82.6%  100.0%
Higher order numeracy 34.5% 25.0% 35.5% 25.0% 33.4% 25.0% 42.9% 50.0% 50.0% 50.0%
Numeracy fundamentals 48.2% 42.9% 49.5% 42.9% 47.1% 42.9% 56.7% 57.1% 64.1% 57.1%
(combined basic and higher-
order numeracy)
Quantitative analytical reasoning  40.3% 33.3% 42.5% 33.3% 39.3% 33.3% 44.4% 33.3% 31.9% 33.3%
Investors responding to follow-up
survey®
Accounting quiz 33.8% 31.3% 35.1% 37.5% 40.3% 37.5% 43.0% 37.5% 71.9% 75.0%
Board acctg literac 12.4% 12.0% 12.9% 12.0% 15.0% 16.0% 15.5% 16.0% 20.6% 20.0%

This table presents means and medians for numskithineasures across two investor definitiond{deany stock or mutual fund investment;t&fany direct stock or mutual
fund investment reported history, i.e., non-retieath) and two education-based proxies for inveqmexy 1: participants who report some amountafege education and also
report completing at least one accounting and or@a€e course; proxy 2: participants who reportesamount of graduate-level education and also teponpleting at least one
accounting and one finance course severely). Asdditional benchmark, comparatives are presemtegréduate business students (N=45) enrolledcentefinancial statement
analysis course sections.

Financial confidence is the mean rating for fouf-assessed financial confidence questions re@it&om FINRA Foundation (2009a, 2009b) on a sfrale 1 (Very Low) to 7
(Very High)—see Appendix A, Questions 1 throughFMnancial literacy is the percentage of questjensicipants answered correctly from a serieswa financial knowledge
quiz questions replicated from FINRA Foundation(28, 2009b) on a scale from 1 (Very Low) to 7 (Vigh)—see Appendix A, Questions 24 through 28.nmétacy
measures are the percentage of questions partisipaswered correctly from a series of three qoieston basic numeracy skills (covering simple podliges and conversions
between simple probabilities and frequencies—sgmeAgdix A, Questions 16 through 18) and four questian higher-order numeracy skills (covering singigbability
estimates as well as Bayes’ Theorem—see Append@uéstions 19 through 22). Quantitative analytieasoning is the percentage of questions partitsggnswered correctly
from a series of three questions on cognitive céifbe (three quantitative questions in which thigahintuitive response differs from the correesponse— see Appendix A,
Questions 35 through 37). The Accounting quiz Bodrd acctg literacy measures are the percentageestions participants answered correctly from semes of questions—
specifically, questions for the Accounting quiz wedapted from the financial accounting review tbigpof a financial statement analysis textbook @&ependix B), while
questions for the Board acctg literacy measure weopted from a financial literacy survey developg®R. Weil and K. Schipper, previously administete Board of Directors
members and executive MBA students, covering acbraage of accounting issues (Coates et al. 20@&1l; 2912).

(a) Only participants who indicated some investntéstory were eligible to participate in the falleup survey in which the accounting literacy measwere collected (Acctg
quiz and Board Acctg Literacy). All respondentstte follow-up survey (N=640) therefore qualifieslinvestors under det. Of these respondents, 367 also qualified as
investors under d&f, 230 were included under the first educatiomakp, and 70 were included under the second echratproxy.

(b) An alternative subjective measure of finantitatacy had been asked of the graduate busitedsrgs, rather than financial confidence.

(c) Graduate business students were originallycdagkeomplete four of the same five multiple chajeestions for financial literacy.
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Parameter
Intercep
Gender (Male)

Age (minimum):
25

35

55

65
FullTime
OwnHome

Education (minimum):
High school degre

Some colleg
College degree
Some post-graduate

Specialized educatiéh

At least one course in...

Accounting

Auditing

Finance

Statistics

Math
Retirement planning

Numerical Skills
Principal Component

54
TABLE 4. Logistic Regression of Investor Classifiation based on Individual Characteristics
Investor Def’ 1. Any Investor Def’ 2: Direct
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3
(N~1,216 0f2092)  (N~1,2150f2091)  (N~1,043 of 1712) (N~716 of 2092)  (N~716 0f 2091)  (N~609 of 1712)
Est Est Est Est Est Est
(Ern) (Em) (Em) (Ern (Em) (Em)
0.34] -1.731 -1.73¢ -0.67: -2.88¢ 237: 7
(0.045) (0.456) (0.174) (0.047) (0.641) (0.183)
0.418 0.169 0.704 0.426 ™
(0.110 (0.126 (0.106 (0.119
0.511 0.555 -0.023 0.006
(0.126) (0.143) (0.135) (0.152)
0.836 0872 0.405 0382 ™~
(0.143) (0.165) (0.128) (0.141)
0.407 0.337 0.746 0.795 ™
(0.293) (0.343) (0.228) (0.263)
0.671 0.751 0.586 1.054
(0.812) (1.096) (0.546) (0.708)
0.655 0.588 0.265 0.232
(0.112) (0.126) (0.108) (0.120)
0.514 0537 ™ 0.385 0374 ™
(0.125) (0.142) (0.115) (0.128)
-0.19¢ 0.811
(0.468) (0.651)
0.45: 0.03:
(0.171) (0.179)
0.454 0351 0.408 0.231
(0.124 (0.134 (0.124 (0.133
0.070 0.064 0.160 0.107
(0.162) (0.172) (0.142) (0.150)
0.364 0.193
(0.145) (0.138)
0.478 0.389
(0.217) (0.173)
0.178 0376 ™
(0.154) (0.144)
-0.003 0.266
(0.144) (0.142)
0.225 0.187
(0.143) (0.145)
0.995 0.943 ™ 0.721 059 ™
(0.107) (0.122) (0.104) (0.117)
0.399 0.246 0294 ™ 0.352 0.178 0217 ™
(0.047 (0.055 (0.063 (0.047 (0.053 (0.060
60.5 79. 80.7 59.1 71.€ 73.€

Percent Concordar

This table presents logistic regressions in whizhigipants’ classification as an investor or nomestor is modeled as a
function of their demographic characteristics antharical skills, as defined in Tables 1 and 2. Riienerical Skills Principal
Component is the first principal component of theé defined measures of financial literacy, numyefandamentals, and
quantitative analytical reasoning (with questiosedito collect each of these measures also définEables 1 and 2). Results
are presented for two investor definitions: {defany stock or mutual fund investment, and'{@¢fany direct stock or mutual
fund investment reported history, i.e., non-retieat For each investor classification, three modeésconsidered, with the first
including the numerical skills principal componenty (Model 1). Because only participants who aadéd some level of
college education were asked about courses in atiogyauditing, finance, statistics, and otheratbed mathematics classes,
Model 2 includes indicator variables for educatievel while Model 3 includes only two higher eduoatindicators plus
specific course measures. ***, ** and * indicatet the parameter estimate is significantly diffiéfeom zero at p<0.01,
p<0.05, and p<0.10, respectively.



Individual investors’ financial literacy and numeai skills

55

TABLE 5: Replication of Elliott et al.'s [2007] Experiment 1: Reactions to financial analysts' reseah reports

Panel A: Elliott et al. [2007], As Reported, and Grrent MTurk Sample, Overall
Early MBA, As Reported (N~82) NAIC Investor, As Rgorted (N~37)

Select MBA, As Reported (N~42) MTuke Replication (N~285)

Acquisition variables:
Percent correc

Analyst position in securities 81% 97%
Favorable stock research report 100% 100%
Firm coverage of repc 93% 97%

Dependent variables:

Mean (Standard Deviation) NIB (N~40) 1B (N~42) NIB (N~18) 1B (N~19)

Credibility composit 6. (1.9 4.€  (1.9) **= 6.6 (1.8 3.7 (24) w
Incentive to please management 4.92.5) 6.4 (2.5) *** 53 (2.7) 8.0 (1.9) *
Earnings potentiaf 72 (1.3) 6.8 (1.3) ns. 56 (1.8) 51 (1.7) ns.
Price appreciatiof? 7.0 (1.7) 6.4 (1.7) ns. 54 (2.0 51 (2.1) n.s.
Proportion preferring to invest 60% 59% n.s. 50% 5% kk
Pct of $10K invested 43%(20%) 42% (21%) n.s. 47% (32%) 13% (16%) ***

Panel B: Replication By Investor Classification
Investor Def" 1: Any stock or fund

86% 75%

100% 95%

93% 65%
NIB (N~19) 1B (N~23) NIB (N~142) 1B (N~143)
73 (22 432  (2.0) ** 77 (1.8) 7.C (1.9 =
46 (29) 6.9 (2.4) *= 54 (2.6) 6.0 (2.5) *
72 (1.9 71  (1.9) ns. 83 (1.7) 8.3 (1.3) ns.
6.6 (1.9 6.4 (2.0) ns. 80 (1.8) 8.0 (1.7) ns.

84% 39% il 55% 49% n.s.

54% (23%) 35% (8%) *** 44% (22%) 40% (20%) *

Investor Def" 2: Any direct

Non-Investor (N~121) (N~164) (N~103)
Acquisition variables:
Percent correct
Analyst position in securities 71% 78% 83%
Favorable stock research report 92% 97% 95%
Firm coverage of report 56% 71% 72%
Dependent variables:
Least Squares Mean NIB (N~63) 1B (N~58) _ NIB (N~79) 1B (N~85) _ NIB (N~44) 1B (N~59)
Credibility composite 7.5 7.3 n.s. 7.8 6.7 ok 7.8 6.5 Fxk
Incentive to please management 5.8 56 ns. 5.1 6.3 ok 4.8 6.3 Fxk
Proportion preferring to invest 51% 45%  n.s. 58% 52% n.s. 57% 53% n.s.
Pct of $10K invested 40% 39% n.s. 47% 40% ** 48% 40% *x

Panel C: Top vs. Bottom Tertiles of Numerical Skis Principal Component within Investor Subsets

Investor Def’ 1. Any stock or fund (N~164)

Investor DEf2: Any direct (N~103)

Low Skills Tertile (N~52) High Skills Tertile (N~55)

Low Skills Tertile (N~35) High Skills Tertile (N~34)

Acquisition variables:
Percent correct

Analyst position in securities 63% 82%

Favoiable stock research reg 90% 100%

Firm coverage of report 48% 79%
Dependent variables:

Mean (Standard Deviation NIB (N~29) 1B (N~23) _ NIB (N~27) 1B (N~29) ,
Credibility composite 7.3 7.4 n.s. 8.0 6.4 kk
Incentive to please management 5.9 6.3 ns. 4.7 6.8 ok
Proportion preferring to inve 55% 43% n.s 59% 45% n.s
Pct of $10K invested 41% 40% n.s. 45% 34% **

74% 85%
86% 100%
49% 79%
NIB (N~18) 1B (N~17] _ NIB (N~13) IB (N~21) _
7.5 7.5 n.s. 7.5 6.2 **
4.9 5.7 n.s. 5.5 7.2 *x
56% 47% n.s 54% 48% n.s
47% 43% n.s. 45% 33% *
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TABLE 5 (Continued)

Panel D: Analysis applying education-based proxyof investment experience

Proxy, Overall (N~73) Low Skills Tertile (N~25) Hgh Skills Tertile (N~24)
Acquisition variables:
Percent correc
Analyst position in securities 78% 72% 79%
Favorable stock research report 99% 96% 100%
Firm coverage of repc 66% 44% 75%
Dependent variables:
Least Squares Mean NIB (N~28) 1B (N~45) _ NIB (N~12) 1B (N~13) R NIB (N~9) IB (N~15) _
Credibility composit 7.8 6.7 ** 7.2 7.2 n.s 7.€ 6.5 n.s
Incentive to please management 5.4 59 ns. 7.2 6.5 n.s. 4.3 6.0 *
Proportion preferring to invest 54% 49% n.s. 42% 54% n.s. 67% 54% *x
Pct of $10K invested 45% 42% n.s. 31% 44% X 59% 44% el

This table presents the replication of main reduttsy Elliott et al. (2007) using the MTurk samplBarticipants in the role of an investor assesaratyst report on a firm,
with the analyst maintaining an investment bankelgtionship with the firm (“IB”) or without the atyst maintaining an investment banking relatiopshith the firm
(“NIB”). The replication is presented in Panel Ahe effect of investment experience on the resultsthe effect of numerical skills within the ist@r categories are
examined in Panels B and C, respectively. PanakBegnts the results of the replication using arcatian-based proxy for investment experience ($igaty, completing
at least some level of college education and asapteting at least one accounting and one finanaese) The second proxy (i.e., some level of graduatetlegdacation
and also completing at least one accounting andioaece course) is not analyzed due to insufficgmple size (n=15). *** ** * and n.s. represep-values of <0.01,
<0.05, <0.10, and >0.10, respectively, one-sidedhf® MTurk sample and two-sided for the testseported by Elliott et al. (2007X represents a two-sided p-value of
<0.10 in the opposite direction of that predicted.

(&) Omitted from later Panels because effectmaxén all cases in the original research.
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TABLE 6: Replication of Kadous et al. [2005]: Quatification and persuasion in managerial judgment

Panel A: Kadous et al. [2005], As Reported, and Crent MTurk Sample, Overall

Experiment 1, Experiment 2 MTurk Replication, MTur k Replication,
As Reported (N~75) As Reported (N~77) Experiment (N~679) Experiment 2 (N~683)
Mean (median) of likelihood of postponing turnarourd Inputs Incentives Inputs Incentives
Quantification  Objective Subjective Consistent Inconsistent Objective Subjective Consistent Inconsistent

Non-quantified 33.4 (24.2) 27.0  (155) 40.1 (27.6) 27.0 (155) 374 (25.3) 359  (259) 50.6 (256) 359  (25.9)

Quantified[48.2 (27.6)] 30.0  (22.7) [54.8 (22.6)] 30.0 227 [52.3 (28.7)] 473  (28.9) [589 (27.7)] 47.3  (28.9)
E E E E

Excerpts from analysis of variance E p E p E E p
Objectivity (E1) or Consistency (E2) 2.840.10 2.97 0.09 240 0.12 40.22 <0.01
Quantification 5.44 0.02 13.67 <0.01 69.58 <0.01 22.46 <0.01
Quantification by Objectivity (E1) or by Consisten(&?2) 1.26 0.27 1.30 0.26 0.71 0.40 0.58 0.45
Contrasts: E p E p t t p
E1: Highest perceived likelihood when quantifie@jective 8.89 <0.01 two-sided 5.07 <0.01 two-sided
E2: Highest perceived likelihood when quantified¢@nsistent 14.73 <0.01 two-sided 5.98 <0.01 two-sided
Panel B: Experiment 1 Replication By Investor Clasification
Non-Investor Investor Def' 1: Any Investor Def" 2:
(N~284) stock or fund (N~395) Any direct (N~232)
Mean (median) of likelihood of postponing turnarourd Inputs Inputs Inputs
Quantification Objective Subjective  Objective Subjective  Objective Subjective
Non-quantified  39.2 38.6 36.1 34.2 38.9 33.6
Quantified| 52.6 48.1 52.1 46.7 583 45.9
Contrast t t p t p
E1: Highest perceived likelihood when quantifiedBjective 2.71 *x* 4.37 *** 3.51 ***
Effect of Objectivity when...  Quantificati is low 0.13 n.s. 0.52 n.s. 1.04 n.s.
Quantification is hig 0.9 ns 1.4: * 1t *
Effect of Quantification when... Objectivity low 1.91 ** 3.31 *** 241
Objectivity is high 2.82 xx* 4.41 = 2,97 xx*
Panel C: Experiment 1 — Top vs. Bottom Tertiles oNumerical Skills Principal Component within Investor Subsets
Non-Investor (N~284) Invest DEF1: Any stock or fund (N~395) Invest DEf2: Any direct (N~232)
Low Skills Tertile High Skills Tertile Low Skills T ertile High Skills Tertile Low Skills Tertile High Skills Tertile
(N~97) (N~95) (N~136) (N~133) (N~75) (N~77)
Mean (median) of likelihood of postponing turnarourd Inputs Inputs Inputs Inputs Inputs Inputs
Quantification Objective Subjective  Objective Subjective  Objective Subjective  Objective Subjective  Objective Subjective  Objective Subjective
Non-quantified  43.8 45.3 31.3 38.1 34.5 38.6 32.1 32.6 639. 418 30.4 27.2
Quantified| 56.9 58.5 45.2 52.4 56.5 56.6 54.2 40.8 56.3 56.3 55.0 38.3
Contrast t p t p t p t p t p t p
E1: Highest perceived likelihood when quantified
and objective 1.04 n.s. 0.74 n.s. 2.57 3.64 *x* 142 * 3.59
Effect of Objectivity when...  Quantificati is low -0.2 n.s. -0.74 n.s. -0.63 n.s. -0.07 n.s. -0.24 n.s. 0.34 n.s.
Quantification is high -0.17n.s. -0.89 n.s. -0.02 ns. 2.11 ** 0.00 n.s. 2.03 **
Effect of Quantification when... Objectivity low 157 * 154 * 2.82 1.21 ns. 1.65 * 1.21 ns.

Objectivity is high 1.53* 173 ** 3.34 3.41 1.8 ** 2.87 w*
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TABLE 6 (Continued)

Panel D: Experiment 2 Replication By Investor Clasification

Non-Investor Investor Def” 1: Any
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Investor Def" 2:

(N~277) stock or fund (N~406) Any direct (N~237)
Mean (median) of likelihood of postponing turnarourd I ncentives Incentives Incentives
Quantification Consistent Inconsistent Consistent Inconsistent Consistent Inconsistent
Non-quantifiec 46.9 38.6 53.3 34.2 51.4 33.6
Quantified 61.4 48.1 57.4 46.7 59.7 45.9
Contrast t p t p t p
E2: Highest perceived likelihood when quantified¢@nsistent 4.14 **=* 434 = 413 ***
Effect of Consistency when... Quantificatisiow 1.73 ** 5.37 3.82 rxx
Quantification is high 2.68*** 2.87 xxx 2.86 ¥
Effect of Quantification when... Consistensyaw 1.92 ** 3.34 252 w*
Consistency is high 1.99** 1.16 n.s. 1.82 **

Panel E: Experiment 2 — Top vs. Bottom Tertiles oNumerical Skills Principal Component within Investor Subsets

Non-Investor (N~277)

Investor Def 1: Any stock or fund (N~406)

Investor DEf2: Any direct (N~237)

Low Skills Tertile High Skills Tertile Low Skills T ertile

High Skills Tertile Low Skills Tertile High Skills Tertile

(N~92) (N~92) (N~131) (N~139) (N~85) (N~78)
Mean (median) of likelihood of postponement Incentives Incentives Incentives Incentives Incentives Incentives
Quantification Consist Inconsist Consist Inconsist Consist Inconsist Consist Inconsist Consist Inconsist Consist Inconsist
Non-quantifiec 47.1 45.3 44.7 40.0 51.6 38.6 56.0 35.4 48.3 41.8 56.6 33.1
Quantifiec| 61.2 55.5 68.0 55.9 62.5 54.1 56.5 44.5 59.7 56.3 61.6 36.3
Contrast t p t p t p t p t p t p
E2: Highest perceived likelihood when quantified
and consistent 1.58 2.84 ** 2.93 = 2.16 ** 1.74 ** 2.81 ***
Effect of Consistency when... Quantificatistiow 0.22 ns. 0.57 n.s. 2.01 ** 3.27 *xx 0.78 n.s. 2.67 ***
Quantification is high 0.58n.s. 132 * 1.28 ns. 1.91 ** 0.45 n.s. 2.88 ***
Effect of Quantification when... Consistensyaw 1.09 n.s. 1.84 ** 222 ** 14 * 1.75 ** 0.33 n.s.
Consistency is high 1.66** 2.68 **x 1.79 ** 0.08 n.s. 146 * 0.63 n.s.

Panel F: Analysis applying education-based proxyof investment experience
Experiment 1 Experiment 1

Experiment 2 Experiment 2

Proxy, Overall Low Skills Tertile High Skills Tertile Proxy, Overall Low Skills Tertile High Skills Tertile
(N~193) (N~68) (N~64) (N~201) (N~67) (N~69)
Mean (median) of likelihood of postponing turnarourd Inputs Inputs Inputs Incentives Incentives Incentives
Quantification Obj Subj Obj Subj Obj Subj Consist Inconsist Consist  Inconsist Consist  Inconsist
Non-quantified  37.5 36.2 32.7 37.1 37.3 30.9 52.1 36.1 250. 395 57.3 27.3
Quantified| 50.6 45.6 55.5 50.6 50.1 52.7 56.4 45.6 61.6 48.2 57.2 50.5
Contrast t p t p t p t p t p t p
E1: Highest perceived likelihood when quantified
and objective 245 1.89 * 135 * 2.83 *** 225 ** 164 *
Effect of Obj/Consist when... Quantis low 0.24 n.s. -0.47 n.s. 0.58 n.s. 3.16 *** 1.17 n.s. 3.09
Quan is higk 0.87 n.s 0.E ns -0.27 n.s 2 1.48 * 0.7 n.s
Effect of Quant when... Obj (E1)/Consist (E2)ow 1.63 * 14 * 1.96 ** 1.7 * 0.88 n.s. 2.2 **
Obj (E1)/Consist (E2) is high 2.4 2.38 ** 137 * 0.88 n.s. 1.38 * -0.02 n.s.
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TABLE 6 (Continued)

This table presents the main results from Kadows. €2005) and presents the replication usingMfierk sample with the main contrasts used to tesinteraction
hypotheses for both experiments. Participanteértle of a supervising manager face a decisigarding whether or not to postpone routine but egpe maintenance
on machinery for one division of the company. Pphaposal varies in the presentation of quantitatifermation (both Experiments), the level of sudjéty of that
information (Experiment 1), and whether the divwisinanager’s incentives are consistent or incongistéh the firm’s long-run best interests (Expeeinh 2). The overall
replications of both Experiments are presentecaimelPA. The effect of investment experience onrétsellts and the effect of numerical skills witkie investor
categories are examined in Panels B and C, respbgtior Experiment 1, and in Panels D and E, eetipely, for Experiment 2. Panel F presentsrésailts of the
replication using an education-based proxy for &twent experience (specifically, completing atisasne level of college education and also commetit least one
accounting and one finance course). *** ** * dan.s. represent one-sided p-values of <0.01, £6030, and >0.10, respectively.
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TABLE 7: Replication of Nelson and Rupar's [2011Experiment 1. Numerical formats within risk disclosures and the moderating effect of

investors' disclosure management concerns

Panel A: Nelson and Rupar [2011], As Reported, an@Gurrent MTurk Sample, Overall

Nelson and Rupar (2011; N=62)

MTurk Replication (N=767)

I ncentives Incentives
Low (Initial) [1 High (Revised) [2] Low (Initial) [1 High (Revised) [2]
Numerical Format Numerical Format Numerical Format Numerical Format
Opportunity Percent [1] Dollar [2] Diff Percent [1] Dollar [2] Diff Percent [1] Dollar [2] Diff Percent [1] Dollar[2] Diff
Low (Mandatory) [1] 5.9 (6.0) 7.8 (8.0)| 1.9 55 (6.0) 7.6 (8.0)| 2.1 5.4 (5.0) 6.3 (7.0)| 0.9 *** 54 (5.00 6.2 (6.0)| 0.8 *=
High (Discretionary) [z 5. (6.0) 6.5 (6.0)| 0.6 6.7 (7.00 6.8 (6.0)] 0.1 5.6 (6.0) 6.5 (6.0)| 0.9 *** 5. (6.00 6.1 (6.0)] 0.2 ns
Higher opportunity lowers difference (H2) (1.3) (2.0) 0.0 n.s. (0.6) **
Higher incentives lowers difference, but
more when higher opportunity (H3) (0.7) (0.6) *
Excerpts from analysis of variance IS p E p
H1: Format main effect 6.7% 0.01 two-sidec 35.2¢ <0.01 two-sidec
H2: Format * Opportunity 4.21 0.05 two-sided 2.08 0.15 two-sided
H3: Format * Opportunity*Incentives 0.28 0.60 two-sided 254 0.11 two-sided

Panel B: Replication by Investor Type

Non-Investor (N=326)

Investor Def 1: Any stock or fund (N=441)

Investor Def 2:Any direct (N=254)

Incentives I ncentives Incentives
Low (Initial) [1] High (Revised) [2] Low (Initial) [1 High (Revised) [2] Low (Initial) [1 High (Revised) [2]
Format Format Format Format Format Format
Opportunity % $ _Diff % $ Diff % ¢ Diff % ¢ _Diff % ¢ _Diff % & Diff

Low (Mandatory) [1] 5.2 6.5 1.3 ** [53 63| 1.0 *** 55 62| 07* |55 6.0 0.5 ** 54 6.4 1.0 ** |51 59 | 0.9 ***

High (Discretionary) [2] 5.7 6.5| 0.8 ** |59 6.2| 0.3 ns. 56 6.4 0.8 *** 59 6.0 0.1 ns. 57 6.6 09 ** |59 6.0| 0.1 ns.
Higher opportunity lowers difference

(H2) (0.5 ns (0.7) ** 0.1 ns (0.4 ns (0.2) ns (0.8) **
Higher incentives lowers difference, but

more when higher opportunity (H3) (0.2) n.s. (0.5) * (0.6) *
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TABLE 7 (Continued)
Panel C: Top vs. Bottom Tertiles of Numerical Skis Principal Component within Investor Subsets

Investor Def” 1: Any stock or fund (N=441)

Low Skills Tertile (N=147) High Skills (N=146)
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Incentives Incentives
Low (Initial) [1 High (Revised) [Z Low (Initial) [1] High (Revised) [z
Format Format Format Format
Opportunity %  $ _ Diff % $ _ Diff % $ _Diff % $ Diff
Low (Mandatory) [1] 5.6 6.2 0.6 * 56 5.7 0.1 n.s. 59 6.2 0.3 n.s. 5.6 6.5 0.9 **
High (Discretionary) [2] 5.8 6.9 11 ** |59 6.5 0.6 * 56 6.1 0.5 n.s. 6.0 56| (04) ns.
Higher opportunity lowers difference
(H2) 0.5 n.s. 0.5 ns. 0.2 n.s. (1.3) **
Higher incentives lowers difference, but
more when higher opportunity (H3) (0.0) n.s. (1.5) **
Investor Def” 2:Any direct (N=254)
Low Skills Tertile (N=87) High Skills Tertile (N=82)
Incentives Incentives
Low (Initial) [1 High (Revised) [2] Low (Initial) [1] High (Revised) [2]
Format Format Format Format
Opportunity % $ Diff % $ _Diff % $ _Diff % $ _Diff
Low (Mandatory) [1] 5.7 6.3 06ns. | 52 59 0.7n.s. 6.1 6.9 0.8 * 55 6.6 1.1 **
High (Discretionary) [2] 5.7 7.0 1.3** |59 6.8 09 * 5.7 6.8 1.1 ** 58 5.7 (0.2) ns.
Higher opportunity lowers difference
(H2) 0.7 ns. 0.2 ns. 0.3 n.ss. (1.3) *
Higher incentives lowers difference, but
more when higher opportunity (H3) (0.5) n.s. (1.6) **
Panel D: Analysis applying education-based proxyof investment experience
Proxy, Overall (N=202) Low Skills Tertile (N=67) High Skills Tertile (N=69)
Incentives Incentives Incentives
Low (Initial) [1] High (Revised) [2] Low (Initial) [1 High (Revised) [2] Low (Initial) [1 High (Revised) [2]
Format Format Format Format Format Format
Opportunity %  $ _Diff % $ Diff % $ Diff % $ Diff % $ Diff % $ Diff
Low (Mandatory) [1] 5.6 6.2| 0.6 ** 58 6.1| 0.3 ns. 57 58| 02 ns.| 66 55 (L1)** 57 65 08ns.| 55 7.0 1.5**
High (Discretionary) [2] 5.8 6.6 0.8 ** 6.1 61| 0.0 ns. 6.0 71| 1.1 * 60 71| 1.1 * 5.8 6.8 1.0 * 6.5 6.0](0.5) ns.
Higher opportunity lowers difference
(H2) 0.2 n.s. (0.3) n.s. 0.9 n.s. 2.2 xx 0.2 ns. (2.0) **
Higher incentives lowers difference, but
more when higher opportunity (H3) (0.5) n.s. 1.3 n.s. (2.2) **
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TABLE 7 (Continued)

This table presents the main results from NelsahRupar (2011) and presents the replication usiagtTurk sample with one-sided contrasts useddfotie interaction
hypotheses. Participants are asked to assess’a fiommodity price risk based on the provided iinfation, which varies the format of the numericdbirmation (dollar
vs. percentage), whether the disclosing firm hasoiportunity to choose the format or the formah@dated, and, in an additional within-subject imalation, the extent
of the manager’s incentive to achieve a prefereparting result. The overall replication is prasenin Panel A. The effect of investment expergeon the results and
the effect of numerical skills within the investategories are examined in Panels B and C, respbcti***, ** * and n.s. represent one-sided piues of <0.01, <0.05,
<0.10, and >0.10, respectively. xx representsaadided p-value of <0.05 in the opposite directidthat predicted.



