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Are you saving enough for retirement?
Odds are, probably not

Andrew Osterland ~ SHARE f ¥ in M
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Most Americans Do Not Have
Enough Savings For Retirement
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Inflation Makes Saving Money

More Difficult

statista %a

Monthly 12-month inflation rate in the United States
from February 2020 to February 2023
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The Boston Globe

Silicon Valley Bank collapsed at
unprecedented speed. Can Washington
prevent another viral bank run?

By Jim Puzzanghera Globe Staff, Updated April 2, 2023, 3:53 p.m. = f ’ é . 2
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Why Do People Struggle To Save
Money?

« Low-Iincome
earners

 Poor financial
decisions
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Why Do People Struggle To Save
Money?

« Low-Iincome
earners

- Poor financial
decisions
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Delayed Gratification Is An
Important Skill

Stanford

University

VS
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Goal of project: Find
ways to encourage
people to delay
gratification and save
money



12

We Can Study How People Save Money
Through Money Choice Questions

 Money decision making (now vs later)
* Previous Money Earlier or Later (MEL) research

Would you like to receive $100 on May
1st, 2023 or $150 on May 1st, 2033

Would you like to receive $100 on May
1st, 2023 or $150 on May 2nd, 2023
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Discount Rate

N 503542754F )

1 year

50% discount
rate
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The Discount Rate Is Not Constant
Across Time

1 year

> 50% discount
rate

11 years
from now

ZavwEs
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Reasons For Discounting

D

Emotions

« Instant gratification

Inflation Utility

« Anxiety about future
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Layout Of Choices Affects
Discounting

Make a choice to receive $350 in 4 months or Make a choice to receive $350 in 4 months or
$450 in 13 months. ﬁ $450 in 13 months.
S350 in 4 months S450 in 13 months S350 in 4 months

S450 in 13 months

discount rate I
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Wording Of Choices Affects
Discounting

$10 dollars in a month

U

$10 dollars on May 20th, 2023

T4

discount rate I
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Visualizations Help People
Understand Data

& . R . .
7S Monthly 12-month inflation rate in the United States

S S
& S S from February 2020 to February 2023
2020[Feb 23%
2020[Mar 1.5%
2020|Apr 0.3% -
2020[May 0.1%
2020[Jun 0.6%
2020/ 1ul 1.0%
2020|Sep 1.4% .
2020 Nov 1.2%
2021|Jan 1.4% 6.8%
2021 Mar 2.6% 6.050
2021 |Apr 4.2% ) )
2021|May 5.0% g & 5.4% 539
2021|Jun 5.4% é
2021 |Aug 5.3% kS 4.2%
2021/0ct 6.2% S
2021|Nov 6.8%
2022|Jan 7.5%
2022|Feb 7.9%
2022|Mar 8.5% .
2022|May 8.6%
2022[1un 9.1%
2022/ 1ul 8.5%
2022[Sep 8.2% .
igg :ﬁ ;g O M S R S S A S SO SR A L LG ARG LN (N ¢
2022 o: 6.5% & & F @R ES
2023[Feb 6.0%

[3]

Worcester Polytechnic Institute



Converting Text To Visualizations
Improved Economic Decisions

Would you like a:

50% chance
of receiving $100

and

50% chance
of receiving  $0

or

100% chance
of receiving $45

19 [14]

U
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chance of
receiving $100

and

chance of
receiving $0

or

chance of
receiving $45
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Layouts Can Have Unique Effects
Across Participants

_ 24,0~ > 0.82- Visual WM
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Theory Does Not Always Work In
Practice

[16]

With No Means

With Means Added

95% Containment Intervals

I
L

—'—

e

100
Points scored

150

Quantile Dotplots
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Calendars Are The Most Common
Type Of Timeline Visualization
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Goal of project: Find
ways to encourage
people to delay
gratification and save
money

More specifically, we want to see if a calendar
visualization can affect people’s discounting.
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Hypothesis

Calendar visualizations will help
participants to make the more optimal

choice compared to textual versions.
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High Level Overview Of Methods

1. Designed a survey with word questions and
calendar visualizations

2. Implemented the survey in React

3. Ran the survey on Proflic, gathered data, and
analyzed

Worcester Polytechnic Institute
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Word Version Of MEL Question

Make a choice to receive $300 on May 7th, 2023 or $700 on October 2nd, 2023.

Worcester Polytechnic Institute
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Calendar Version Of MEL Question

January February March

S I __I__T|
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May June July
T
} $300 | |
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Comparing The Two Conditions

Make a choice to receive $300 on May 7th, 2023 or $700 on October 2nd, 2023.

2023 Which visualization
January Februgl_ Mar<11_ April WOUICI Steer YOLI
T towards the later
o J option?
May June July August
o R
| $300 | |
EEEEE P
September October November December
[y L o EEE F__*I ]
$700 I
P h | |
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Picking Amounts And Dates

- Read et al. 13 paper on dates vs delays

« Conversion from British Pounds to USD

« Converted dates (randomly)

[13]

Earlier Later
Question | Amount Date Amount Date

1 $350 April 10*", 2023 $430 | September 8**, 2023
2 $490 July 24, 2023 $700 | December 6%, 2023

3 $§720 | May 21, 2023 $1,.390 | July 20, 2023

4 $840 June 15**, 2023 $1,120 | September 26", 2023
5 $32 | August 6%, 2023 $39 | November 14", 2023
6 $45 May 29" 2023 $70 | September 17", 2023
7 $66 | September 12" 2023 $110 | November 8% 2023
8 $77 | July 30, 2023 $118 | October 15, 2023

Worcester Polytechnic Institute




How am I determining
the optimal financial
choice?

30



Defining The Optimal Choice

* Read et al. 13 paper on dates vs delays
— ~60% discount rate

e Current Inflation 6%
 Discount rate of 166%

Chart: United States Annual Inflation Rates (2013 to 2023)

Figure 1 Experiment 5

6
0.8 Short intervals 0.8 " Long intervals
JEPTTLL
2., A L S I
0.7 .,.’. T 0.7 4
) )
0.6 0.6 4
2
0.5 0.5
0
R 2013 2015 2017 2019 2021 2023*
M1 , - 041 , , . 2014 2016 2018 2020 2022
1 2 3 4 1 2 3 4
Interval Interval

Notes. Values of § measured for intervals of the same length but varying in onset, under both date and delay descriptions. Interval 1 ranges from ¢, — t,,
interval 2 from t, — 5, and so on.
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How To Calculate Optimal
Behavior

dif fDays = days until later date — days until earlier date

dif fDays

dif fP tion =
f fProportion 365 days in a year

rateDiscount = 1 + 1.66 calculated discount rate * dif fProportion

equivalent later amount = earlier amount * ratelnflation * rateROI

earlier, for equivalent later amount > later amount

optimal choice = :
later, otherwise

Worcester Polytechnic Institute
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Optimal Behavior With Our MEL

Worcester Polytechnic Institute

Values
Earlier Later
Question | Amount Date Amount Date Optimal Choice
1 $350 April 10*®, 2023 $430 | September 8", 2023 Earlier
2 $490 July 24th, 2023 $700 December 6th, 2023 Earlier
3 $720 May 215¢, 2023 $1,390 July 29, 2023 Later
4 $840 June 15, 2023 $1,120 | September 26", 2023 Earlier
5 $32 |  August 68, 2023 $39 | November 14", 2023 Earlier
6 $45 May 29" 2023 $70 | September 17" 2023 Later
7 $66 | September 12", 2023 $110 | November 8, 2023 Later
8 $77 July 30", 2023 $118 | October 152, 2023 Later
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Flow Of Survey

1. Consent

2. Introduction &
. 3. Instructions
. 4. MEL questions

5. Attention Check

. :
6. Three post @

surveys
N
8. Debrief I",

9. Thank You
and Goodbye

7. Demographics

Worcester Polytechnic Institute



3 Post Surveys To Get Descriptive
Statistics

- Experience d :’ &
r—

- Financial Literacy

« Sense of Purpose Q'

38 [20][21] Worcester Polytechnic Institute
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Participants Were Paid Fairly For

Their Time

* 10 minute survey
« $3 per participant
« $18 per hour equivalent

39
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Overview Of How We
Implemented The Survey

« React application
— Reuse components

— Integrate third-party
modules

— Host webpage and data
storage online

— Continuously test
throughout development

40 Worcester Polytechnic Institute



Reusing Components In React

Interactive Single-year
Example in Set of 8 MEL Calendar

Instructions Questions

i\ ¢ &

Single-month

MEL Presentation
calendar

41 Worcester Polytechnic Institute



Third-party Modules We
Integrated With

s = ata-Driven
3 Material-Ul )3 oo

SMALL  MEDIUM  LARGE ©w©WHEIENE BE 88
- BN HEEEEN
SMALL MEDIUM LARGE il Bl EeETE
:: . ..= The exact value o
v5. ‘,
v4- .- .
v3. .
v2
@l LEE SN
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Hosting And Data Storage On b

Hosted on Data Storage
Write-only

AWS Amplity  mm) * amazon
ﬁ Continuous
Deployment
Q GitHub The-Discounters
release-calendar

GitHub

Worcester Polytechnic Institute


GitHub%20The-Discounters%20release-calendar
GitHub%20The-Discounters%20release-calendar

Continuous Testing With \&YPress

@ Chrome File Edit View History Bookmarks Profiles Tab Window Help O O box B

[ X J @ vizsurvey

@® localhost:3000/__/#/specs X

Chrome is being ¢ lled by automated test software.

a2 vizsurvey

© v10.11.0 - Upgrade @ Chrome 112 Docs Login

@ Optimize and record your Cl test runs with Cypress Dashboard X

When you configure Cypress to record tests to the Cypress Dashboard, you'll see data from your latest recorded runs in the Cypress app.
This increased visibility into your test history allows you to debug your tests faster and more effectively, all within your local workflow.

& Get started with Cypress Dashboard

Settings

E2E specs Last updated ? Latest runs ? Average duration ?

cypress [ e2e

E vizsurvey 4 weeks ago

YT LEEER)
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Data Collection & Analysis

- Between-subject design

— Worded version using dates
— Single-Year Calendar

* Prolific

— April 5th, 2023

— ?O33.£(.)r|:c>larticipants (p P rO I i fi C

= 30 calendar

Worcester Polytechnic Institute



46

No General Difference In
Discounting

1.000 -

ns

0.800 -

0.600 -

0.400 -

Proportion of Later Choices

0.200 -

0.000 -

Oword [Ecalendar Chi-square test
of independence
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First MEL Question Showed The
Biggest Difference

=
)
o
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=
o
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Proportion of Later Choices
o
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MEL Question

Oword [@calendar
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Responses Of Participants
Compared To Optimal Choices

Did the majority choose
the optimal choice?

[No[ves] Nesl[ves] [Nol[No] [ves[ves] [ves|[No] ~ [resllves] ~[veslfves]

Proportion of Later Choices
o
(o))
o

49

.0632 ns ns ns ns ns ns ns

| nl

1 2 3 4 5 6 7 8
MEL Question

Oword [@calendar

Chi-square test
of independence
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Amounts Compared To

Participant’s Responses

Did the majority choose

Earlier Later the optimal choice?
Question | Amount Date Amount Date Optimal Choice| "ord celendr
1 $350 |  April 10%, 2023 $430 | September 8", 2023 Earlier  |LNo/[ves|
2 $490 July 24" 2023 $700 | December 6, 2023 Farlier [No |[No ]
3 $720 May 215¢, 2023 $1,390 July 29 2023 Later | ves || es|
4 $840 June 15%, 2023 $1,120 | September 26*%, 2023 Farlier | [No][No]
5 $32 |  August 6%, 2023 $39 | November 14" 2023 Earlier [ves | [ves]
6 $45 |  May 29", 2023 $70 | September 17, 2023 Later  |[Yes][No]
7 $66 | September 12" 2023 $110 | November 8", 2023 Later [ves] [ves]
8 $77 July 30*, 2023 $118 | October 15, 2023 Later
51 Worcester Polytechnic Institute
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First MEL Question

Make a choice to receive $350 on April 10th, 2023 or $430 on September 8th, 2023.

Did the majority choose
the optimal choice?

No |Yes|

1.00

0.80

0.60

0.40

Proportion of Later Choices

0.20

0.00

.0632

1
MEL Question

Oword @calendar

2023

January February
s
May June
FT I R _1 S
BRRASRE
September October November
] s
n
$430
R
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No General Difference In Time To
Complete Survey

12.0 -
ns ns
10.0 - — 60 -
— 8.0 4 -
E 2
2 S 40 1
s 6.0 4 Y
P o
£ £
= 4.0 4 —
20 4
2.0 A
0.0 - 0 -
Oword @calendar Oword [@calendar
Entire Survey MEL Question Section

Two-tailed,
homoscedastic T-test
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Third Question Showed A
Difference In Time

Time (Seconds)
O B N W M U1 OO N

54

ns

[
—

ns .015 ns ns

ns

-

]

2 3 4 5 6
MEL Question

Oword [@calendar

Worcester Polytechnic Institute

ns
r ]
] L
8
Two-tailed,
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Third MEL Question

Make a choice to receive $720 on May 21th, 2023 or $1,390 on July 29th, 2023.

(O vt i I © G )
2023

Did the majority choose January February
. — T
the optimal choice? |_|Yes ,_lYes e
1.20 -
ns
¢ 1.00 5 .015
2 _ =
-
© 0.80 - 4 T June
3 -
2 0.60 S 3 | .
o 9 T
5 ° 1
£ 0.40 £2 -
o -
]
20.20 1
September October November December
0.00 J I 0 J ___ -
3 3 ] I '____J_
MEL Question MEL Question |
Oword [calendar Oword [@calendar li I— l_li

Worcester Polytechnic Institute



Future Work
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Conclusions

- Did not find a significant effect across general
discounting or timing

« We did find significant effects across 2 specific
questions in regards to discounting and timing

Worcester Polytechnic Institute
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