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• 401(k) plans have emerged as primary savings vehicle for US employees

• Traditionally three pillars of savings: Private savings, SSA benefits, and employer-sponsored plans

• Employer-sponsored savings have shifted from DB to DC plans in recent decades – mostly 401k/403b 

• 401k is employer-sponsored plan that permits employers to deposit pre-tax wages into savings account

• 100.2 million participants, $6.3T or 23% of all retirement assets, (2016 Form 5500, Dec 2018)

1. How do US employees presently save for retirement in the US?

Background on Retirement Savings in the US

• Economic structure of 401(k) plan seen as highly attractive

• Tax-benefits are significant

• Portable across jobs and mandated plan disclosures 

• Often generous plan match (80+ percent of plans offer match; modal match up to 3 percent of salary)

• Adoption of automatic enrollment has led to an increase in participation

• About 75 percent of plans have adopted automatic enrollment (AE)

• AE has dramatically increased averaged participation (90 percent, 2019 PCSA)



• Recognition that significant share of individuals, including US employees, are not saving sufficiently for retirement

• Define retirement security as a financial state adequate to meet basic housing, food, transport, health needs w/o reliance on 

family, work, or means-tested benefits (follows Elder Index, Mutchler et al. 2016) 

• Focus of policy/industry largely on expanding 401(k) access and participation—greatly improved via automatic enrollment 

(AE)—but signs many actual 401(k) enrollees at risk 

• Estimates of significant loss in saving due to leakage (Beshears et al. 2020)

• Industry/household surveys allude to high share of working households not on track for retirement

• Many plans adopted automatic enrollment (AE), but behavioral structure of AE suggests hidden frictions

2. How severe is the problem of retirement security among US employees?

Background on Retirement Savings in the US



Background on Retirement Savings in the US

3. Behavioral structure of AE 401(k) plans suggest hidden decision-making frictions

• Default contribute rates (e.g., 3 to 4 percent) usually set below plan’s match limit (e.g., 6 percent)

• Claiming full match requires two explicit decisions during initial enrollment – active and personalized enrollment



Behavioral Structure of 401(k) Enrollment
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Background on Retirement Savings in the US

3. Behavioral structure of AE 401(k) plans suggest hidden decision-making frictions

• Default contribute rates (e.g., 3 to 4 percent) usually set below plan’s match limit (e.g., 6 percent)

• Claiming full match requires two explicit decisions during initial enrollment – active and personalized enrollment

• Initial enrollment could be critical for long-term financial security

• Average personalized enrollee saves at a rate 2x as high as average passive enrollee (purely descriptive)

• Considerable inertia in year-to-year plan enrollment choices (91% in some of our data)

• Employees make initial enrollment decisions in context of strong, and highly varying, design elements

• Plan Design – Collectively refers to features of plan marketing and digital design of online enrollment portal 

• Active Enrollment – Plans vary in their use of marketing, reminders, persuasion to encourage active enrollment

• Personalized Enrollment – Plans vary in digital design of online interface (color, syntax, layout, usability, interactivity 

of webflow) from which employee decide whether to personalize enrollment

Plan design of 401k enrollment varies considerably across major US financial providers
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Examples of Enrollment Interfaces across Financial Providers
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Examples of Personalized Enrollment Webflows across Financial Providers



1. Are actual 401(k) enrollees at risk for retirement insecurity?

2. Does variation in digital design affect initial enrollment and long-run 

financial security?

3. What drives people respond to variation in digital design?

4. Are plan administrators aware of the potency of design?

Research examining influence of digital design on 401(k) enrollment and retirement security 
(in collaboration with large US record-keeper, Voya Financial)

Save(d) by Design (Bhargava, Conell-Price, Mason, Benartzi 2021)



1. Are actual 401(k) enrollees at risk for retirement insecurity?

Save(d) by Design (Bhargava, Conell-Price, Mason, Benartzi 2021)

• We assessed the probabilistic risk of retirement insecurity for 186,000 active enrollees employees using administrative data 

across 840 AE 401(k) plans across wide-range of plausible assumptions

• Specifically, we projected the distribution of potential savings for each enrollee by simulating their year-to-year asset 

accumulation associated with a wide-range of savings, market, behavioral assumptions

• 60/40 portfolio [Low, Med, High]

• BlackRock Median: N(3.5, 10.2)

• BlackRock Low:  N(1.6, 10.2)

• BlackRock High:  N(5.6, 10.2)

• Retirement Age:  [62, 65, 67]

• [Observe] Age, income, balance, 

contribution, plan detail, auto-escalation 

• Income growth [0, 1, 2 percent]

• Contribution Inertia [75, 90, 100]

• Contribution Cap of 10 percent

• No early withdrawal, loan, job turnover

Year-to-Year Savings Market Return Retirement Age
Distribution of 

Potential Savings



1. Are actual 401(k) enrollees at risk for retirement insecurity?

Save(d) by Design (Bhargava, Conell-Price, Mason, Benartzi 2021)

• We assessed the risk of retirement security for 186,000 active enrollees employees using administrative data across 840 AE 

401(k) plans under wide-range of plausible assumptions

• Specifically, we projected the distribution of potential savings for each enrollee by simulating their year-to-year asset 

accumulation associated with a wide-range of savings, market, behavioral assumptions

• We then mapped each projected level of savings to a lifetime guaranteed annuity and assessed whether this met one of 

varying retirement security thresholds (using the Elder Index), inclusive of Social Security benefits

Distribution of 

Potential Savings
Retirement 

Security ThresholdLifetime Annuity

≥
<

• Lifetime Immediately Vesting Guaranteed Annuity 

w/ no minimum, no bequest, inflation adjusted (65 

year old Male, PA) [Charles Schwab]

• $1,293/monthly Social Security Benefits (median 

2018 benefit)

• Pre-tax security thresholds: [$150k, 

$200k, $250k]

• Elder Index estimates minimum income 

to ensure retirement security. EI 2020 for 

single elder (rent) is $2,157/month



Risk of Retirement Insecurity for 401(k) AE Enrollees

• Favored assumptions indicate 44 (51) 

percent of enrollees have a risk of insecurity 

in excess of 25 (10) percent

• Substantial variation in average estimated 

preparedness across observationally similar 

employees in observationally similar plans

Risk of retirement insecurity for 401(k) 
enrollees more severe than 

stakeholders previously believed



2.  Does variation in 401(k) digital design affect initial enrollment and long-run financial security?

Save(d) by Design (Bhargava, Conell-Price, Mason, Benartzi 2021)

• We investigated how variation in digital design affected 401(k) enrollment outcomes w/ 3 field experiments in collaboration 

with Voya Financial (2016 to 2018) 

• Experiments randomized non-economic aspects of the landing page from which 8,565 employees from 501 401(k) AE plans 

make their personalized enrollment decision

• Experimental treatments:

Enhanced Presentation: Modifications to color, language, standardization of interface

Enhanced Information: Display of previously communicated information (plan default, match)

Enhanced Design: Enhanced Presentation + Enhanced Information 

• Outcomes of interests: 

• Short-term:  (i) Rate of personalized enrollment, (ii) Match take-up, (iii) Average Contribution Rate

• Long-run: Projected years of retirement security



Basic Design (used commercially prior to research)

3

Experimental Treatment (“Enhanced Design”)

Enhanced Design reworded headlines, standardized descriptions, and added 
traffic-color lights to baseline design – also displayed the plan default rate

Basic and Enhanced Landing Page Design (Field Experiment #1, BCBS 2021)



2.  Does variation in 401(k) digital design affect initial enrollment and long-run financial security?

Save(d) by Design (Bhargava, Conell-Price, Mason, Benartzi 2021)

• Field experiments across 501 401(k) AE plans indicate that modest visual enhancements to design led to 15% increase 

in personalized enrollment (from 0.60 to 0.69) and a 13% increase in average savings rate (from 7.28 to 8.26)

• Marginal effect of design on personalized enrollment equivalent to that predicted by a 68% increase in the plan match 

(or the predicted increase associated with 11 years of employee age, all else equal)

To what extent do marginal personalized enrollees increase their saving?



Kolmogorov-Smirnoff test for equality: p < 0.001

Marginal – Inframarginal Equivalence (Personalized Enrollment)

• In theory, we might expect marginal personalized enrollees to 
nominally adjust contribution (in contrast to average 
inframarginal enrollee who double their contribution)

• Normally hard to observe marginal behavior – this setting offers 
unique insight into marginal saving (an extensive-margin 
decision to personalize enrollment followed by an intensive-
margin contribution decision)

• We can infer behavior of marginal personalized enrollees by 
comparing adjustments across experimental conditions 

• Similar average personalized adjustment across 
conditions (95% CI of marginal effect: -0.26 to 0.74)

• Nearly indistinguishable distribution of personalized 
adjustments across conditions



How does the switch to personalized enrollment 
affect projected years of retirement security? 

• Deterministic projections for representative employee 

($50,000 earnings; 1 percent wage growth; 50 

percent match up to 6 percent; 75% inertia; 10 

percent cap; 65 retirement age)

• Assume marginal-inframarginal equivalence for initial 

contribution rate



2.  Does variation in 401(k) digital design affect initial enrollment and long-run financial security?

Save(d) by Design (Bhargava, Conell-Price, Mason, Benartzi 2021)

• Yes. Field experiments across 501 401(k) AE plans indicate that modest visual enhancements to design led to 15% 

increase in personalized enrollment (from 0.60 to 0.69) and a 13% increase in average savings rate (from 7.28 to 8.26)

• Marginal effect of design on personalized enrollment equivalent to that predicted by a 68% increase in the plan match 

(or an increase in employee age of 11 years, all else equal)

• Evidence that marginal personalized enrollees increased contributions in a matter equivalent to inframarginal enrollees 

• (Also suggestive evidence for marginal – inframarginal equivalence along the second margin of active enrollment)

• Plan match, inertia, and marginal-inframarginal equivalence imply that switch from automatic to personalized 

enrollment could lead to substantial increase in years of projected retirement security

Design-induced shift from automatic to personalized enrollment could lead to several years of 

additional retirement security– a larger increase in savings than associated with AE 



3.  Why do people respond to variation in digital design?

Save(d) by Design (Bhargava, Conell-Price, Mason, Benartzi 2021)

• Third field experiment suggests influence of Enhanced Design driven by colored buttons and standardized language

• In theory, decision based on deliberative comparison of the PV of costs/benefits associated with each option – so 

potentially design changes shifted beliefs about enrollment 

• Economics has noted three frictions commonly invoked in nudge research:

(i) Limited attention/recall of decision-relevant information

(ii) Confusion or a lack of understanding of available options

(iii) Lack of trust in financial institutions

We examined mechanisms underlying response to design w/ online experiments (N = 6,871) 
involving hypothetical enrollment decisions from interfaces resembling those used in real-life



Test of Behavioral Mechanisms from Lab Studies

• We replicated substantive effect of design on personalized enrollment

• Response to design not driven by changes in saving preferences or beliefs about enrollment

• Response to design not driven by cognitive frictions of attention, confusion or trust



Experimental Test of Affect-Based Heuristic

Subsequent lab study consistent with possibility enrollment choice governed by affect-based heuristic 

(option-specific anxiety predicts choice, design shifts anxiety, anxiety shifts lead to different choices )
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4.  Are plan administrators aware of the potency of design?

Save(d) by Design (Bhargava, Conell-Price, Mason, Benartzi 2021)

• No. Incentivized survey of 401(k) plan sponsors (n = 637) finds that 88 percent underestimated potency of design and 
only 12 percent could identify most effective design element from 4-option menu.

• Most confident administrators least able to rank-order successful design elements

• Second survey of 80 high-ranking policy, industry and academic stakeholders (2021) indicates low prioritization of design 
as strategy for increasing saving relative to changes in the match, financial education, and simplification

Digital design can be powerful, scalable, and difficult to predict (but easy to optimize via A/B testing)



Lesson #1

Attend to implications 

of digital design for 

consumer protection

• DX has radically shifted how consumers make decisions involving health (e.g., health 

insurance), household finance (e.g., saving, investment), benefit programs, purchasing

• One industry report forecasts private sector will spend $6.8 trillion from 2020 to 2023 

to integrate digital technology across business functions 

• Mckinsey & Co. estimates 65 percent of consumer interactions already digital

• BLS projects that growth in the web developer and digital designer job category from 

2019 to 2029 will be double the national average (OOH)

• Design doesn’t easily fit taxonomy of existing economic research

• Economists interested in choice architecture have documented the importance of 

defaults, complexity, numerical framing, reminders, and salience across a range of 

economic decisions

• T&S define nudges as “any aspect of the choice architecture that alters people’s 

behavior in a predictable way without forbidding any options or significantly changing 

their economic incentives.” (Thaler and Sunstein 2008)

• Theoretically, nudges seen to affect choice by addressing cognitive limits pertaining to 

self-control, attention, computation, understanding (Datta & Mullainathan 2014) – i.e., 

facilitates informed, better, decision-making



Lesson #1

Attend to implications 

of digital design for 

consumer protection

What is design?  Strategic and non-strategic use of visual, textual, social, interactive, gamified 

elements to influence behavior through hedonic/motivational/addiction channels

• May encompass sludges and “dark patterns” – design that is deliberately intended to 

frustrate, trick, confuse individuals 

• Design may relate to research in marketing, advertising, psychology on gamification, 

digital engagement, reward-seeking (Chaffey 2007; Baek and Yoo 2018; Seo, et al. 2011) 

• Design may not have predictable effects (even by domain experts) and may be hard to 

avoid – but easy to optimize with A/B testing

Red flags have recently been raised about potential consumer protection risks in high-leverage 

settings where people may not have well-defined priors about optimal behavior

• Trading platforms (stocks, options, NFTs) (e.g., gamification in Robinhood)

• Decentralized finance (web3 financial products)

• Gambling platforms

What about the risks (and promise) of digital design in traditional financial/health decisions?

Case study: Could natural variation in 401k design across financial providers inadvertently affect 

average risk of retirement insecurity?
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Recall substantial variation in enrollment interface design across financial providers…
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49%

78%79%

68%

Survey of US employees [N = 302, April 2019]

Asked to make hypothetical enrollment decision from 

experimentally varying interface (3 percent default, 50% 

match up to 6 percent)

Recall substantial variation in enrollment interface design across financial providers…



Lesson #1

Attend to implications 

of digital design for 

consumer protection

We have strict governance of informational and economic structure of 401k plans but little 

oversight of potentially influential aspects of digital design

Considering possibility that digital design (and other non-economic features of plan administration) 

may have a large and unappreciated effect on retirement preparedness…

How do we encourage responsible design in context of (401k) retirement plans?

• Extend fiduciary duty to encompass digital plan design under ERISA

• Promote awareness of the potency of design (particularly, relative to traditional 

economic incentives)

• Encourage promulgation of third-party standards and protocols for design audits

• Shift to structurally less choice-centric saving paradigms (promote further adoption 

of automatic escalation, allow for higher default rates, move away from defined-

contribution models)



We test candidate explanations through an online field experiment where we 
administered incentive- and information-based treatments to 1,137 low-saving 
employees at a firm with a generous plan match. 

Treatments embedded within broader survey intended to assess the employee-
specific incidence of the four frictions.

• Retirement Literacy - Encompasses both financial literacy and biases in other 

retirement-relevant beliefs leading employees to underestimate saving needs

• Plan Confusion – Confusion about plan details that leads to underestimation of 

eligibility or the plan match

• Enrollment Complexity - Economic and psychological costs associated with 

administrative enrollment could lead to delayed enrollment

• Present Focus – Privileging of immediate relative to delayed flows of 

consumption utility

Research examining candidate explanations for retirement saving puzzles among plan-eligible, low-saving, employees
(in collaboration with single large US firm)

Serenity Now, Save Later? Evidence on Retirement Savings Puzzles from a 401(k) 
Field Experiment (Bhargava and Conell-Price, 2021)
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1.  Pervasive deficits in retirement literacy, but no evidence that illiteracy impedes saving

• 43 to 47 percent of employees underestimate how much they should save for a secure retirement

• Exposure to personalized saving recommendation did reduce underestimation – but did not lead to increased contributions (a 
precisely estimated null effect) even for employees with inaccurate beliefs

• Possible explanation:  88 percent of employees recognize that they are undersaving, plan to save more in several months 

2. Some employees underestimate the plan match, but such underestimation does not impede saving

• 20 percent of employees underestimated the generosity of the plan’s match limit (knowledge of plan eligibility high)

• Experimentally clarifying match did not meaningfully increase savings, even for underestimating employees

3. Potentially substantial confusion about enrollment status – up to 1/3 of non-participants may not be aware of status

4. Evidence for present focus as barrier to 401(k) saving

• 8 to 16 percent of employees saved in response to a $10 Amazon gift card (many increased contribution by multiple points), but 
not clarification of larger, but delayed, plan match. Those tagged as present focused in survey 3.5x more responsive to reward

• Response to $10 implied average (max) gain from the match of $677 ($1,583) rest of year and $2,632 ($5,383) next calendar year 

Serenity Now, Save Later? Evidence on Retirement Savings Puzzles from a 401(k) Field Experiment 
(Bhargava and Conell-Price, 2021)



Lesson #2

Microincentives vs. 

Disclosures

• Stakeholders have prioritized plan disclosures, decision-aids, proximal financial education

• Education and decision-aids widely adopted by plans, advocated by industry, 
supported by existing research on financial literacy

• We find precisely small effect of recommendations on savings – most employees 
appear to know they are undersaving (despite underestimating by how much)

• Research also suggests limited responsiveness to increases in plan match

• Microincentives (immediate small rewards) may be credible alterative strategy to encourage 
enrollment, particularly among otherwise unresponsive employees

• Plans not currently permitted to use microincentives to encourage plan 
participation (we technically encouraged people to visit portal and consider saving)

• SECURE ACT 2.0 includes a provision to permit use of de minimis incentives to 
encourage participation (may be signed into law later this year)

• Small rewards have been successfully leveraged in other settings involving public 
health (vaccine take-up), credit cards, bank accounts, retail subscriptions



Lesson #3

Serenity Accounts

Evidence for present focus not consistent with standard behavioral account of present bias

• We advance new hedonic account in which presence of financial anxiety and delayed 
optimism regarding future anxiety (i.e., optimism regarding intermediate but not immediate 
future) could cause otherwise rational employees to delay enrollment

• Hedonic account may explain several empirical retirement puzzles in the literature

Hedonic account highlights need to restructure savings plans to better reflect psychology of saving

• Example: Dual-account plan– such plans would initially direct contributions to liquid buffer 
account before automatically transferring above-threshold savings to less-liquid account

• Advocated in recent years by academics/policymakers due by concerns over short-term 
liquidity (Beshears et al. 2015; Gruber 2016; John 2015; Mitchell & Lynne 2017)

• Present research offers psychological rationale for dual-accounts—for many employees, 
addressing near-term financial anxiety may be a necessary precursor for long-term saving

• Our research implies that psychological design of dual account plans may be important for 
ensuring engagement (“Serenity Account” rather than “Emergency Savings Account”)



Thank you!

sbhar@andrew.cmu.edu

And thanks to coauthors:

Lynn Conell-Price, CFPB
Rick Mason, Voya Financial

Shlomo Benartzi, Voya Financial & UCLA Anderson
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