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1 Revisions

2000May09:Mergedthedesiredoutputsectioninto thewrite-upsection,concen-
tratingondesiredEnglishprose.Also, requesteddescriptionof whatexperimental
parametersto use,e.g.,sendingthescriptyou usedto run theexperiments.
2000May08:Addedsectionwith instructionsfor charts,tables,andtext.
2000May04:Addedsectionwith suggestedtimelineandbriefdescriptionof paper
write-ups.
2000May04:Addedsectionlisting peopleandrelatedexperiments.
2000May04:Addedlistingsof papersin eachexperimentalsection.

2 Write-up

Our goal is to write a paperappropriatefor a technicaljournal, not the popular
press.An exampleis the journal versionof Cooley, Hubbard,andWalz’s work
althoughI think it is a little light on themathematicaldescriptionof thecalcula-
tions.

Thepaperwill bebrokeninto thefollowing pieces:

� introduction(writtenby Jeffrey),

� previouswork (brief) (writtenby Jeffrey),

� algorithmanddata(writtenby Jeffrey),

� results,

� conclusions(writtenby Jeffrey).

Theresultssectionwill besplit into subsections,onefor eachsetof experiments.
Thetext shouldintroducetheproblem.For example,it shouldstatetheproblem,
explain why it is interesting,and perhapsclaim that using historical returnsis
importantfor this problem.A review of previouswork (if we know any) should
be included. Next, presentthe databoth in text andchart/tabular form. Finally,
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interpretthe data,trying to explain the trendsand how it should influencethe
thinkingof afinancialplanner.

2.1 Suggested Deadlines

Friday: Submitroughdraft with data,charts,tables,andexplanatorytext. The
materialshouldbemostlyfinishedexcepttheformattingmayrequireaddi-
tionalwork. Hopefully, Jeffrey will specifytheformatfor chartsandtables
today.

Monday: Submitlessroughdraftwith formattingmostlyfinished.I guessJeffrey
will collecttogetherthepiecesto form apaper.

Wednesday 8:30am: Draft 0.99is availableon theWWW.

2.2 Instructions for Charts, Tables, and Text

I plan to useLATEX to typesetthe paperandMetaPostto producethe chartsso I
caneasilyproducemathematicalequations,tablesof contents,andHTML, PDF,
andPostScriptversions.Thus,pleasesubmit

� a text file containingyour Englishprose,

� tabledatausingtab-delimitedtext files,and

� chartdatausingtab-delimitedtext files with two columnsandblank lines
betweendifferentlinesto draw.

To addcommentsto your document,e.g., indicatingthat a title shouldbe itali-
cized,usea line startingwith apercentagesign% andendingat theline’send.

Table Data Pleasesubmit tabular dataastab-delimitedfiles. Eachline of the
tableshouldcorrespondto oneline of thefile. Separateadjacentcolumnsof data
usingoneandexactly onetabcharacter. Hopefully, eachline will have thesame
numberof tabs.

If youwantto seewhatyour tablewill look like (beforeadditionalformatting
appliedby Jeffrey), try thefollowing on aUNIX computer:

1. Usingthis Perlscriptto convertyour tab-delimitedfile into LATEX. (Be sure
to make it executableusingchmod +x prepareTable.pl.)
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2. Copy theresultinto this LATEX file.

3. Convert theLATEX file into aPostScriptor PDFfile usingmake sample-
LaTeX.ps or make sampleLaTeX.pdf. You will needthis Makefile
in your directory.

4. View theresult,e.g.,gv sampleLaTeX.ps or usergvsampleLaTeX.pdf.

Chart Data I plan to useMetaPostto createany necessarychartsbecausethe
outputis extremelypreciseandclean.Seefor example,pp.2–3of http://www.cs.trinity.edu/˜joldham/1321/hw/hw6/hw6.pdf.

Pleasesubmit your chartdataas two-columntab-delimitedfiles with blank
linesbetweenthedatafor eachline to draw. For example,to draw two lineswe
couldsubmit

1926tab 8.04
1927tab -5.2
1928tab 18.0

1926tab 18.04
1927tab -1.2
1928tab 8.0

Pleaseadd commentsregarding the chart’s title; annotationsof individual
lines;thedesiredtypeof chart,e.g.,barchartor line chart;axeslabels;etc.

2.3 English Prose Explaining Your Experiments

Pleaseanalyzeyour results.Amongthequestionsto askare:

� Are theresultscorrect?

� Whatdo theresultssay?I.e.,summarizethem.

� How shouldwe interpretthem? How would a financialadvisorinterpret
them?

� Shouldwe have run a differentexperiment?Shouldwe run anotherexper-
iment to confirmor deny a hypothesiswe conjecturedfrom thefirst round
of experiments?
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Write this in astylesimilar to Cooley, Hubbard,andWalz.
Theproseprobablyshouldincludeadescriptionof whatexperimentswererun

asbriefly aspossiblebut preciselyenoughsosomeoneelsewith our codewould
be able to repeatthe experiments. Sendingme scripts to run the experiments
wouldalsohelp.Thanks.

3 Experiments and People

As far asI understand,thesepeopleareworkingon thefollowing experiments.
taxedvs. tax-deferredaccumulation SaraMeyerandNathanFranklin
assetallocationformulae Collin LeMaistreandJohnHealy
accumulationin anIRA Danny JohnsonandBrentLew
collegesavingsandeducationIRAs JasonMeridthandChrisMitchell
assetchoice Jeffrey D. OldhamandCraigBrandenburg
short-termsaving ¿QwinbySwinson?,ScottSchaefer

UnallocatedpeopleincludePete.

4 Experiments to Perform

Wedonotapriori know whichexperimentswill yield interestingresults.Perhaps
only half will beinteresting.That’s research.

Whatfollows areonly suggestionsfor experiments.Feelfreeto modify them
asappropriate.

4.1 Suggestions for Choosing Parameters

Cooley, Hubbard,andWalz avoidedthe problemof choosingspecificvaluesby
usingpercentages.For example,their tablesshow theprobabilityof successwhen
withdrawing afixedfractionof one’s investment,avoiding theissueof theinvest-
ment’ssizeandtheamountto withdraw.

We might beableto usethesamemethodology. For example,for withdrawal
problems,we canspecifyan initial investmentof, e.g.,$1 000000andtry with-
drawing �����	�	�	�	�
����
�������� eachmonth. For accumulationproblems,we might
specify investmentincrementsasa percentageof the desiredtarget. For exam-
ple, we couldusea desiredtargetof $1 000000andspecifymonthly investment
incrementsof �����	�	�	�	�
�����
������� .
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4.2 Taxed vs. Tax-deferred

Most retirementsavings occursin tax-deferredaccounts,e.g.,401(k),403(b),I-
RAs, so incometaxes and capital gainstaxes are not paid while the money is
accumulatingin exchangefor paying a significantpenalty for early withdraw-
al. Young peoplefacemany simultaneousfinancial demandsincluding saving
for retirement,purchasinga house,saving for collegeeducation,andpayingfor
children,complicatingthedecisionwhethermoney shouldbesaved in a taxable
accountor a tax-deferredaccount.In this experiment,we explorethecostof this
indecision.How muchsmalleris one’s retirementincomewhennot usinga tax-
deferredaccount?

accumulationproblem
initial investment $0
investmentincrement try variouspositivepercentages
incrementby inflation? ¿tryboth?
desiredinvestmenttarget try $1000000perdiscussionabove
financialtargetinflation yes
time frame 20,25,and30years
incrementtime frame ¿1month?
assetallocation fixed
assetallocationpercentages try what you want, perhapssimilar to Cooley,

Hubbard,andWalz
taxes try bothtaxedandtax-free
capitalgainstax rate 20%
ordinaryincometax rate 28%
asset-holdingtime ¿perhaps60 months?
monthlyratemodification perhapstry 0%,-0.03%,-0.10%

4.2.1 References

articlediscussingportfolio turnover rateandits tax implications.apparentlyone
of few articlesnotingtheeffectof taxeson portfolios[JA93].

discusseseffectsof choosingtax-deferredvs. taxed[GR96].
effectof taxesandinflation [SM95].
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4.3 Asset Allocation Formulae

Bergenhaswritten severalpapersadvocatingassetallocationformulaethatvary
with a person’s age.Conceptually, asretiredpeopleage,their investmentsshrink
andalso their ability to earnadditionalincomethroughwork decreases.Thus,
assetallocationformulaemovefrom moreaggressive,e.g.,stocks,to lessaggres-
sive,e.g.,bonds.

In this experiment,we comparethe resultsof usinga fixed assetallocation
with usingthreedifferentage-varying formulaefor a personapproachingretire-
ment.To performa fair comparisonbetweenthefixedassetallocation(s)andthe
age-varyingallocations,we shouldprobablychoosefixedassetallocationsusing
valuesthat arecloseto the averageof the age-varyingallocationthroughoutthe
timeframe.For example,if anage-varyingformulamovesanallocationfrom 80%
to 50%throughthetimeframe,it mightbea goodideato compareagainstafixed
allocationof 65%. I do not feel stronglyaboutthis; if you have betterideas,use
them.

withdrawal problem
initial investment $1000000perdiscussionabove
investmentincrement try variousnegativepercentages
incrementby inflation? ¿tryboth?
desiredinvestmenttarget $0
financialtargetinflation no
time frame 20,25,and30 years
incrementtime frame ¿1month?
assetallocation fixedvs.age-varying
taxes tax-free
monthlyratemodification perhapstry 0%,-0.03%,-0.10%

4.3.1 References

PeroldandSharpediscussdifferentassetallocationformulaeincludingconstant
proportion[PS95].

4.4 Retirement Accumulation Using an IRA

TheannualIRA limit of $2000hasremainedunchangedsince1981.In thisexper-
iment,we addressthe issueof how muchretirementmoney onecanaccumulate
usingonly IRAs duringone’sworking life.
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1999January, RepresentativeMcCollum introducedHouseResolution188of
the106thU.S.Congressto index theannualIRA contribution for inflation. (See
Section2 of the bill in Thomas.) It would be interestingto show the changein
accumulationwhentheannualcontribution is indexedfor inflation.

accumulationproblem
initial investment $0
investmentincrement $2000peryear
incrementby inflation? try both
desiredinvestmenttarget ¿unimportant?
financialtargetinflation ¿unimportant?
time frame 20,25,and30 years
incrementtime frame 12months
assetallocation fixed, try somethingsimilar to Cooley, Hubbard,

andWalz
taxes tax-free
monthlyratemodification perhapstry 0%,-0.03%,-0.10%

4.5 Saving for College

Many parentsfacethe task for saving for a child’s college educationwhile si-
multaneouslysaving for retirement,purchasinghousing,and raising the child.
Exacerbatingthetaskis thefact thatthis savingsis taxedasit accumulates.(The
newly-enactedEducationIRAs permit savings only $500per child per year, an
amountsignificantlysmallerthancollegeexpenses.)In this experiment,we ad-
dresstheamountof money to save to payfor collegeexpenses.

Accordingto theCollegeBoard,theaveragefour-yearpublicandprivatebud-
getsare$10,909and$23,651,respectively (source:Trends in College Pricing,
Table3, College Board). In the experiment,we simulatethe necessarymonthly
savingsto accumulatefour timestheseannualamounts.
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accumulationproblem
initial investment $0
investmentincrement try variousamounts
incrementby inflation? yes
desiredinvestmenttarget �����������	�
� , �����
�

��� �!��
financialtargetinflation yes
time frame 18 (birth of child), 13 (enterskindergarten),and4

years(entershighschool)
incrementtime frame 1 month
assetallocation fixedandagevarying
taxes taxed
capitalgainstax rate 20%
ordinaryincometax rate 28%
asset-holdingtime ¿perhaps36months?for thelongesttimeframe
monthlyratemodification perhapstry 0%,-0.03%,-0.10%

Assetallocation: Most financialwriters recommendstartingwith an aggres-
sive assetallocationandmodifying it as the child nearsenteringcollege. See,
e.g.,Figure7 of Vanguard’s “Plain Talk” bookleton financingcollege. Modify
theassetAllocation formulaesto reflecttheserecommendations.Perhaps
thetwo assetsto considerwouldbelarge-company stocksandU.S.Treasurybills
sinceveryshortdurationassetsarerecommendedwhile thechild is in highschool.
Contrasttheseage-varyingformulaewith oneor two fixedassetallocations.Most
financialwriters would say that one’s college savings shouldbe moved to cash
duringthe last two yearsof high schoolandduringcollegeto prevent therisk of
losingall thesavings. However, maintaininga fixedassetallocationandassum-
ing therisk of a sharpdecreasein its valuemaybebetterthanthedecreasein the
investment’svalueby graduallymoving to lessrisky assetsthroughtime.

Criticisms: College costsseemto increasefasterthan inflation. If you are
willing to do someprogramming,modify theprogramto run experimentswhere
collegeexpenseinflation increasesfasterthantheconsumer-price inflation index
by fixed amounts. SeeTable 5 and Figure4 of the College Board’s Trends in
College Pricing to estimatehow muchhigher. It might beusefulto modify only
thefinancialtarget,not themonthlyinvestmentincrement,which presumablyin-
creasesataratesimilarto one’ssalaryincrease.Thus,modifyInflateTarget
in theinvestment class.

Whensimulatingwith taxes,the assetallocationis basicallyignoredduring
theasset-holdingperiod.Usingtoo long anasset-holdingperiod(comparedwith
thetimeframe)will eliminatetheeffect of theage-varyingformula. I do not have
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recommendationswhatvaluesto use.

4.5.1 References

Maria Crawford Scottwritesaboutgraduallychangingtheassetallocationasthe
child agesbut doesnotshow many numerateexamples[Sco96b].

4.5.2 Education IRAs

EducationIRAs permitsaving $500peryearin a tax-freeaccount.Simplemath
shows that even saving for eighteenyearswill not yield any significantfraction
of college expenses.The real advantageof the EducationIRAs that the saved
money is never taxed,not whencontributedandnot whenwithdrawn. Assuming
themaximumcontribution limit of $500doesnotchange(asafeassumptionsince
thenormalIRA contribution limit hasnot changedsince1981),whatpercentage
of astudent’s four-yearcollegeexpensescouldbepaidusinganEducationIRA?

accumulationproblem
initial investment $0
investmentincrement $500peryear
incrementby inflation? no
desiredinvestmenttarget �����������	�
� , �����
�

��� �!��
financialtargetinflation yes
time frame 18 (birth of child), 13 (enterskindergarten),and4

years(entershighschool)
incrementtime frame 1 year
assetallocation ¿fixedandagevarying?
taxes tax-free
monthlyratemodification perhapstry 0%,-0.03%,-0.10%

Performingthis experimentmay require modifying the statisticsobject to
recordthe averageandstandarddeviation of four-yearcollegeexpensesandthe
averageandstandarddeviation of thefractionof theexpensesthattheEducation
IRA wouldpay.

More more information on EducationIRAs, seeSection3 of IRS Publica-
tion 590, Individual Retirement Arrangements (IRAs) (Including Roth IRAs and
Education IRAs).
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4.6 Importance of Different Asset Choices

Cooley, Hubbard,andWalzconsideredonly large-company stocksandlong-term
corporatebonds(with oneadditionaltablethat incorporateU.S. Treasuries),ig-
noringtheotherassetclasses.Onequestionto exploreis whetherusingotherasset
classesaffectstheresults.Therearetoo many differentcombinationsof assetsto
try themall. Instead,we might try substitutingoneassetfor oneof Cooley, Hub-
bard,andWalz’s assetsto look at the effects. Onepossibility is replicatingthe
experimentsof Cooley et al., substituting

� small-company stocksfor large-company stocks,

� long-termgovernmentbondsfor long-termcorporatebonds,

� intermediate-termgovernmentbondsfor long-termcorporatebonds,or

� U.S.Treasurybills for long-termcorporatebonds.

Thereis probablya betterexperiment,but I do notknow whatit is.

4.6.1 References

differentassets’influenceonmutualfund returns[IK00].

4.7 Short-Term Saving

Financialwritersusuallyrecommendinvestingin stocksandlong-termbondson-
ly if themoney is neededat leastfive yearsin the future. Thus,they arerecom-
mendingtrading-off thepossibilityof higherreturnsfor decreasingtherisk of not
meetingone’s financialtarget. Insteadof makingthis blanket statement,we seek
to simulatethereturn-risktrade-off.

We considersaving for variousshort-termfinancialgoalsusingdifferentas-
sets.For example,if onesaves8%of one’sfinancialtargeteachmonthfor twelve
monthsusinglarge-company stocks,whatis theprobabilityof reachingthetarget?
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accumulationproblem
initial investment $0
investmentincrement variouspercentagesof thegoal
incrementby inflation? yes
desiredinvestmenttarget try $1 000000perthediscussionabove
financialtargetinflation yes
time frame 12,24,and60 months
incrementtime frame 1 month
assetallocation fixed,try 100%in all assetclasses
taxes taxed
capitalgainstax rate 20%
ordinaryincometax rate 28%
asset-holdingtime shortcomparedwith timeframe
monthlyratemodification perhapstry 0%,-0.03%,-0.10%

Criticism: As written in theexperimenton collegeexpenses,theassetalloca-
tion is basicallyignoredduringtheasset-holdingperiod.Sinceweareusingsuch
ashorttimeframe,perhapsweshouldjust ignoretaxes?Whatdo you think?

4.8 References

[Stocksare]extremely risky in theshortterm. Investingin thestock
market for the short term is a fool’s errand. Peopleshouldplan to
staywith a stock investmenta rock-bottomminimum of five years.
But risk meansnothingexcept in a comparative sense.And stocks
andbondsare,at thevery least,equallyrisky over thelong term.

JamesK. Glassman,authorof thebookDow 36,000: The New Strategy for Prof-
iting from the Coming Rise in the Stock Market, asquotedin [gla00,p. 3].

5 Other Quotations and Miscellanea

[Risk is defined]asthevariationin returnsover time. Standarddevi-
ationis a commonway to measurevolatility. Stockshave a standard
deviation of roughly 20 percentagepoints, which meansthat two-
thirdsof thetime,stockreturnswill varyby 20pointsfrom their long-
termaverageof about11%a year—or in a rangefrom -9% to 31%.
That’sveryscaryin theshortterm.But if youhold themfor 15years,
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the standarddeviation dropsdown to about2%, which meansthat
two-thirdsof the time the averageannualreturnfor 15-yearperiods
variesbetween9% and13%.

JamesK. Glassman,authorof thebookDow 36,000: The New Strategy for Prof-
iting from the Coming Rise in the Stock Market, asquotedin [gla00,p. 3].

Historicalreturninformationbefore1926availablein [CA39].
Capitalgainstax ratesthroughtheyearsandhow to computethem[Lin87].
Additionalwork onprobabilityof successin retirement:

� nonmathematicaltreatmentwith a handfulof scenariosandno probabili-
ties[Sco96a]

� similar to CHW but wasa few variations[Ben94]
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