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1 Introduction

In acquiring attitudes about the world, people are heavily influenced by their cultural mi-
lieu, and by interactions with others, especially when a clear conclusion is not evident by
introspection. Several authors have argued that people have little idea how much they
should save for retirement (e.g., Akerlof and Shiller (2009)), owing either to lack of relevant
information, or failure to process it effectively. It is hard to know what stream of satisfac-
tion will actually result from a consumption/savings rule chosen today.! It is also hard to
forecast remaining lifespan or health in old age; most people do not process the relevant
public but technical information contained in mortality tables and medical research. Fi-
nally, it is hard to predict risky future wealth realizations, and therefore, how much saving
is needed today.

There is a great deal of evidence suggesting that people are indeed often ‘grasping at
straws’ in their savings decisions, which suggests that they may look to social cues for
help.2 Consistent with this, there is also considerable evidence that social interactions
affect several dimensions of consumption, saving, and investment choices.?

A large analytical literature shows that socially inefficient outcomes can arise from
rational or biased social learning (e.g., see the survey of Golub and Sadler (2016)), and
theoretical models have shown that social interaction can affect investment and saving be-
haviors such as market participation, house purchases, and the aggressiveness of trading
in individual stocks (Hong, Kubik, and Stein 2004; Burnside, Eichenbaum, and Rebelo
2016; Han, Hirshleifer, and Walden 2018). Surprisingly, however, there has been little for-
mal modeling of how bias in social learning processes affects lifetime consumption/savings
choices. There is evidence of contagion of consumption and investment behaviors, but con-
tagion can potentially spread either a decision to consume more or a decision to consume
less. There is surprisingly little research on whether social learning induces a general direc-
tional bias toward over- versus underconsumption, and on the associated questions, what
determines the size of such bias, and can policy interventions help remedy it?

We address this topic in a model in which social learning about others’ consumption
expenditures is biased by the fact that engaging in a consumption activity is more salient to

others than not doing so. This leads to biases in inferring others’ beliefs about future wealth

!Allen and Carroll (2001) point out that “..the consumer cannot directly perceive the value function
associated with a given consumption rule, but instead must evaluate the consumption rule by living with
it for long enough to get a good idea of its performance. ... it takes a very large amount of experience ...
to get an accurate sense of how good or bad that rule is.”

2People make very basic mistakes, and rely on noisy cues, in deciding how much to save (Samuelson
and Zeckhauser (1988), Shefrin and Thaler (1988), Madrian and Shea (2001), Beshears et al. (2008),
Benhassine et al. (2015)).

3Duflo and Saez (2002, 2003), Hong, Kubik, and Stein (2004), Brown et al. (2008), Charles, Hurst, and
Roussanov (2009), Kaustia and Kniipfer (2012), Georgarakos, Haliassos, and Pasini (2014), Shemesh and
Zapatero (2016), Giorgi, Frederiksen, and Pistaferri (2016), and the evidence reviewed in Hirshleifer and
Teoh (2009).



prospects. For example, a boat parked in a driveway draws the attention of neighbors more
than the absence of a boat. Similarly, it is more noticeable when a friend or acquaintance
is encountered eating out or reports taking an expensive trip than when not, or buys
an enjoyable product as compared with not doing so. We call the greater availability
and salience of potential consumption events that do rather than do not occur wvisibility
bias. We further assume that people do not adequately adjust for the selection bias in
favor of noticing the consumption rather than nonconsumption events of others. This
causes updating toward the belief that others are consuming heavily. So observers conclude
that future consumption prospects are good, and therefore that low saving is appropriate.
Observers therefore increase their own actual consumption.

Such visibility bias effects are self-reinforcing, as each individual becomes an overcon-
suming model for others. So biased learning generates a positive feedback that can result
in severe undersaving in society as a whole, even when visibility bias is mild. In market
equilibrium, the reluctance of individuals to save implies a higher interest rate.

The two premises of our model—that consumption activities are more available and
salient to others than nonconsumption; and that people do not adequately adjust for the
selection bias in their attention toward consumption—are motivated by the psychology of
attention, salience, and social communication (see Section 2). With regard to communica-
tion, transmission of information in conversation is greater for positive information and for
more arousing information (Berger and Milkman 2012); we expect enjoyable consumption
in general to be more positive and arousing than the passive choice not to consume.

Visibility bias in our model need not be viewed as a cognitive failure; it is a source of
bias in the social transmission of information. There are good reasons to allocate more
attention to occurrences (or more generally, to salient events). However, failing to ad-
just appropriately for this selection bias in attention/observation is a clear mistake that
produces a directional bias in inferences.

The model offers a new explanation for a well-known puzzle in savings rates. Personal
saving rates in the U.S. have declined dramatically since the 1980s, from 10% in the early
1980s to a low of about 3% in 2007, while national debt has increased. This has raised
concerns among many observers about whether Americans will be able to sustain their
standards of living in retirement.* A similar trend has occurred in many OECD countries,
with ratios of household debt to disposable income often reaching well over 100% (OECD
2014). Economists have long argued that this drop is hard to explain (Parker 1999; Guidolin

4Many economists (e.g., Laibson, Repetto, and Tobacman (1998), Madrian and Shea (2001), Poterba,
Venti, and Wise (2012), Poterba (2014), and Stanford Center on Longevity (2016)) argue that US house-
holds undersave, but some authors have different viewpoints about whether there is substantial undersaving
(e.g., Scholz, Seshadri, and Khitatrakun (2006)); see also Wall Street Journal, June 22, 2018, “A Genera-
tion of Americans Is Entering Old Age the Least Prepared in Decades.” Over 50% of U.S. adults say that
they could not easily come up with $400 to cover an emergency expense (Federal Reserve Board 2018).
More than half of households with bank cards carry debt from month to month, almost always at high
interest rates; a substantial fraction borrow at close to their credit limits (Gross and Souleles 2002).



and Jeunesse 2007).> There are, however, a wide range of possible explanations, and we
recognize that different scholars may have different perspectives about this conclusion.

The visibility bias approach offers a novel explanation. The model is driven by obser-
vation of the consumption of others; greater observability of consumption intensifies the
overconsumption effect. For example, the drop in costs of long-distance communication,
the rise of cable television and VCRs (video cassette recorders), and subsequently the rise
of the internet, greatly increased people’s ability to observe others’ consumptions, as peo-
ple are able to hear, view, or report via social networks about consumption experiences.
The rise of an increased diversity of cable television offerings (including channels devoted
to shopping, travel, home remodeling, and other costly leisure pursuits, as well as dramas
that less directly highlight consumption activities) further increased visibility. People often
report by phone or other electronic networks on such activities as traveling, eating out,
and recent product purchases. Social media for sharing pictures and videos, such as Insta-
gram, have heavy emphasis on travel, fashion, and celebrities, all of which are associated
with high observation of others’ consumption. Such biased observation is the driving force
behind overconsumption in our model.

There are also notable differences in savings rates across countries and ethnic groups
which are not well-explained by traditional economic models (Bosworth 1993). A new
possible explanation suggested by our approach is that there cultural differences affect
communication about, or observability of others’ consumption or wealths.® Our model also
implies that degree of urbanization will be negatively related to savings rate, as urbanization
is associated with a higher intensity of social interaction and observation of the consumption
of others. This is consistent with the evidence of Loayza, Schmidt-Hebbel, and Serven
(2000), and is not directly predicted by non-social theories of consumption.

Overconsumption in our approach derives from mistaken beliefs about economic shocks
and, in some cases, the behaviors of others. Such beliefs can potentially be corrected. So
a distinctive empirical and policy implication of the visibility bias approach is that salient
public disclosure about prospects for future consumption (which are, e.g., influenced by
the risk of health and unemployment shocks), or about how much others actually consume,
can help reduce overconsumption. Specifically, overconsumption in the model comes from
complacency—people underestimate the probability of adverse wealth shocks. So vividly

publicizing more accurate estimates about, e.g., risks of layoffs, or high health care bills,

®Many possible explanations have been offered for the decline in savings rates. However, Parker (1999)
concludes that “Each of the major current theories of the decline in the U.S. saving rate fails on its own to
match significant aspects of the macroeconomic or household data.” Guidolin and Jeunesse (2007) argue
that factors such as greater capital mobility, new financial instruments, and aging populations do not suffice
to explain the phenomenon, and conclude: “The recent decline of the U.S. private saving rate remains a
puzzle.”

6Carroll, Rhee, and Rhee (1994) do not find an effect of culture on savings. They describe this as a
tentative conclusion owing to data limitations. In contrast, using a similar methodology, Carroll, Rhee,
and Rhee (1999) conclude that there are cultural effects.



should reduce overconsumption.

However, in practice, announcements of probability estimates may be hard for people
to process and convert into consumption plans. This suggests, as an alternative policy
intervention, saliently disclosing information about how much others actually consume.
Under appropriate conditions, such disclosures reduces overconsumption. Furthermore,
accurate disclosures that make saving behavior more salient (i.e., disclosures that that are
visibility-biased toward saving) can have an especially strong effect.

There is extensive evidence from social psychology that people often have biased percep-
tions about the attitudes and behaviors of others. For example, studies find that college
students overestimate how much other students engage in and approve of uncommitted
or unprotected sexual practices (Lambert, Kahn, and Apple 2003) and heavy alcohol use
(Prentice and Miller (1993), Schroeder and Prentice (1998), Perkins and Haines (2005)),
and overestimate the use of various other drugs (Perkins et al. (1999)). These studies ar-
gue that these misperceptions encourages such behavior, and that in some cases disclosure
interventions can help remedy the problem.

In our model, agents observe upward-biased samples of the consumption of others.
Agents neglect this selection bias, and update toward overoptimistic beliefs that on aver-
age favor higher consumption more than their priors would suggest. But surprisingly, in
equilibrium actual consumption is so high that it confirms agents’ high beliefs about others’
consumption. So in contrast with the intuition from the abovementioned social psychology
literature, the base version of our model demonstrates that social influence can induce more
of a behavior without any overestimation of how much others engage in it. Since there is
no overestimation of others’ consumption, disclosure of others’ average consumption does
not correct agents beliefs.

However, some natural generalizations of the base model suggest conditions under which
there will also, on average, be overestimation of others’ consumption. For example, in
reality some people have more accurate prior knowledge than others about the risk of
adverse wealth shocks, or are less naive than others about visibility bias. In a simple setting
with such “smart agents,” agents on average overestimate the consumption of others, and
disclosure of actual average consumption reduces overconsumption. Furthermore, in reality
some people are more heavily connected than others in social networks. When we allow for
this, we show that there can on average be overestimation of others’ consumption, so that
again disclosure of actual average consumption has a corrective effect.

Misestimation of the average actions of others also affects behavior in the model of
Jackson (2018). In his framework, there is a strategic complementarity between agents’
actions, a possible example being recreational drug use. This means that a higher action
level by one agent rationally leads to more of the action by others. In the version of the

model in which agents do not account for the friendship paradoz in their observations of



others, agents overestimate how much others engage in the complementary action.” This
overestimation in equilibrium causes agents to engage more in the complementary behavior.

A key distinction between our model and Jackson’s is that there is no strategic comple-
mentarity in our setting—utility of consumption does not depend upon others’ consump-
tion. Overconsumption in Jackson’s setting derives from overestimation of consumption
complementarities. Overconsumption in our approach instead derives from agents’ naivete
about visibility bias. So where Jackson’s approach is based on the interplay between naivete
and payoff complementarities, our approach is purely belief-focused.

In the network extension of our model, the friendship paradox is present, further am-
plifying overconsumption. The fact that naivete about the friendship paradox can be an
amplifier of certain behaviors is in the spirit of Jackson’s approach. However, even here, the
mechanism works very differently. In Jackson (2018), highly-connected individuals (those
with many social links) engage more heavily in the activity because their utility complemen-
tarities are stronger. In our setting, there are no such complementarities. Highly-connected
agents are especially heavily influenced by visibility bias because they have more opportu-
nities to observe their friends’ consumptions and update beliefs in an upward-biased way.

The conclusion that agents, when young, overconsume extends to an overlapping gener-
ations setting in which the young can observe old as well as young agents. Overconsumption
by the young is decreasing with the extent to which their observations are tilted toward the
old. This tilt depends on the age distribution of the population, and on how visible and
salient the consumption of old versus young agents is to young observers. So this finding
provides a further set of distinctive empirical implications of our approach. Furthermore,
since the old on average consume less than the young, in this setting there is another policy
intervention that can reduce overconsumption—salient disclosure of the consumption of the
old.

A plausible alternative theory of overconsumption and undersaving is that people are
present-biased (i.e., subject to hyperbolic discounting, Laibson (1997)). Present bias is a
preference effect, whereas the visibility bias approach is based on belief updating. Also,
present bias is an individual-level bias, whereas the visibility bias approach is based upon
social observation and influence. The visibility bias approach therefore has the distinc-
tive implications that the intensity of social interactions and shifts in the technology for
observing the consumption of others affect how heavily people consume. It also implies
that population level characteristics such as wealth dispersion matter, in contrast with
approaches based upon pure individual-level biases.

Another appealing approach to overconsumption is based on Veblen effects (Cole,

"The friendship paradox in general agent networks refers to the fact that the average number of friends
(connections) of agents’ friends is higher than the average number of friends agents have. The paradox
arises generically, because well-connected agents are friends of more agents, and therefore disproportionally
influential.



Mailath, and Postlewaite 1995; Bagwell and Bernheim 1996; Corneo and Jeanne 1997;
Charles, Hurst, and Roussanov 2009), wherein people overconsume to signal high wealth
to others. In wealth signaling models, beliefs are rational, whereas the visibility bias ap-
proach is based upon misperceptions. The visibility bias approach has distinct empirical
implications as well. Information asymmetry about other people’s wealths is the source
of Veblen effects, which are not present when wealths are equal. In contrast, as shown in
Section 5.2, in the visibility bias approach, overconsumption is strongest when there is low
wealth dispersion and information asymmetry about wealth.

A third approach is based on agents deriving utility as a function of the consumptions
of other agents (Abel 1990; Gali 1994; Campbell and Cochrane 1999). The concern for
relative consumption is often referred to as the ‘keeping up with the Joneses’ approach.
The preference interaction approach in general does not necessarily imply equilibrium over-
consumption (Dupor and Liu (1993), Beshears et al. ((2018)), but this does arise in some
settings (Harbaugh 1996; Ljungqvist and Uhlig 2000).® In addition to unambiguously pre-
dicting a specific direction, overconsumption, the visibility bias approach offers various
distinctive implications about the effects of disclosure and of shifts in visibility bias, wealth
dispersion, and demographics.

As we have mentioned, a further distinctive empirical and policy implication of the
visibility bias approach is that salient public disclosure can help correct people’s beliefs,
reducing overconsumption. That a relatively simple policy intervention can potentially
ameliorate the undersavings problem is specific to the visibility bias approach.

Finally, another approach that can lead to overconsumption is based on speculative
disagreement Heyerdahl-Larsen and Walden (2017). When investors with heterogeneous
beliefs bet against each other in an asset market, they may all expect to profit, at least some
of them mistakenly. Depending on agents’ elasticity of intertemporal substitution, this can
result in equilibrium overconsumption. Several of the implications discussed above also dis-
tinguish our approach from theirs. For example, the the speculative disagreement approach

does not share the implications here about network properties and overconsumption.

2 Psychology Background

The two key assumptions of our model are that consumption activities are more available
and salient to others than nonconsumption; and that people do not adequately adjust for
the selection bias in their attention toward these consumption events. We now discuss
evidence from the psychology of attention and salience that motivate and support our

assumptions.

8Even with conventional preferences, externalities can also induce ‘keeping up with the Joneses’-like
effects (DeMarzo, Kaniel, and Kremer (2004, 2008)), though models based on this approach do not focus
on the issue of over- or under- consumption.



With regard the first assumption, there is extensive evidence that occurrences are more
salient and more fully processed than nonoccurrences (e.g., Neisser (1963), Healy (1981),
the review of Hearst (1991), and Enke (2017)). Occurrences provide sensory or cognitive
cues that trigger attention. In the absence of such triggers, an individual will only react
if (as is usually not the case) the individual is actively monitoring for a possible absence.
This is what is striking about the famous phrase “The dog that did not bark” in the
Sherlock Holmes story; it takes a genius to detect and recognize the importance of an
absence. An example of the low salience of non-occurrences is neglect of opportunity costs,
i.e., hypothetical benefits that would occur under alternative courses of action. Indeed, the
opportunity cost concept is something that students struggle with. Neglect of absences is
also reflected in the principle of WYSIATI, “What you see is all there is,” one of the key
features of System 1 thinking (Kahneman 2011). Consistent with the application of these
ideas to consumption, Frederick (2012) concludes that “purchasing and consumption are

7 and gives the example that “Customers in

more conspicuous than forbearance and thrift,
the queue at Starbucks are more visible than those hidden away in their offices unwilling
to spend $4 on coffee.”

With regard to the second key assumption of our model, evidence from both psychol-
ogy, experimental economics, and field studies of selection neglect confirms that observers
often fail to adjust appropriately for data selection biases (Nisbett and Ross 1980; Bren-
ner, Koehler, and Tversky 1996).° In general, neglect of selection bias is implied by the
representativeness heuristic of Kahneman and Tversky (1972). Owing to limited cogni-
tive resources, adjusting for selection bias requires attention, and effort. Selection bias is
especially hard for people to correct for because adjustment requires attending to the non-
occurrences that shape a sample. A model of how neglect of selection bias affects economic
decisions is provided in Hirshleifer and Teoh (2003). The combination of visibility bias and
selection neglect in our model can be viewed as endogenizing the availability heuristic of
Kahneman and Tversky (1973), so the tendency in the model to update toward thinking
others are consuming heavily can alternatively be interpreted as coming from the use of
this heuristic.'”

Potentially consistent with the idea that the combination of visibility bias and selec-

tion neglect can affect perceptions, Frederick (2012) provides experimental evidence that

9People often naively accept sample data at face value (Fiedler 2008). Mutual fund families advertise
their better-performing funds; in the experimental laboratory both novice investors and financial profes-
sionals misinterpret reported fund performance owing to selection neglect (Koehler and Mercer 2009).
Auction bidders in economic experiments tend to suffer from the winner’s curse (neglect of the selection
bias inherent in winning), and hence tend to lose money on average (Parlour, Prasnikar, and Rajan 2007).

10 According to the availability heuristic, people overestimate the frequency of events that come to mind
more easily, such as events that are highly memorable and salient. The availability heuristic is therefore
a failure to adjust for the selection bias in information brought to conscious attention—this being the
subset of information that was stored into memory and is easy to retrieve from it. In our model, this
is disproportionately information about the consumption activities that were engaged in rather than not
engaged in.



the salience of consumption results in overestimation by observers of how much other in-
dividuals value certain consumer products. Consistent more broadly with the idea that
visibility bias affects consumption behavior, there is evidence that people are influenced
in car purchase decisions by observation of the purchases of others (Grinblatt, Keloharju,
and Tkdheimo (2008), Shemesh and Zapatero (2016)), and such effects are stronger in areas
where commuting patterns make the cars driven by others more visible (McShane, Bradlow,
and Berger 2012).

Consumption activities of others may also be more cognitively available than non-
consumption because someone who is consuming chooses to talk about it more than some-
one who is not consuming. Generally it is more interesting to hear about an action than
inaction. Berger and Milkman (2012) provide evidence that online content is more likely to
go viral when it is positive than negative, and more rather than less arousing. For various
consumer products, positive word-of-mouth discussion of user experiences tends to predom-
inate over negative discussion (see the review of East, Hammond, and Wright (2007)). A
plausible reason is that users would like to persuade others of their expertise at product
choice (Wojnicki and Godes 2008). This evidence suggests that people are more prone to
sharing news about enjoyable consumption activities than news about stoical restraint from

consuming.

3 The Base Model

In the base model, all agents have the same initial wealth and age. We start by focusing

on individual optimization with interest rate given.

3.1 Optimal Consumption

Each individual maximizes a quadratic expected utility function with zero subjective rate

of discount over two dates,

e (@)l (2] »

(We have verified in Appendix B that results that are qualitatively similar to the central
results of our base model as in Proposition 1 below also hold with power and log utility.)
At date 0, each individual chooses how much to consume and how much to borrow or lend

at the riskfree interest rate r = 0, so the budget constraint is

C1:W—CQ—€, (2)



where, ¢y and ¢; are consumptions at dates 0 and 1, W is date 0 wealth, and € is a potential

wealth shock at time 1. We assume that

. { 0 with probability p (3)

W with probability 1 — p,

so with probability 0 < p < 1, the agent’s date 1 wealth is high, and with probability 1 —p
it is low. We permit possible negative consumption, ¢; < 0. We assume that aWW < 1, to
ensure that utility is increasing in consumption.

The negative wealth shock, which we view as being rare (1 — p < 1), can represent
a systematic event, such as a major depression, or an underfunded pension system; or an
idiosyncratic event that all agents are symmetrically exposed to, such as the possibility of
a financially costly illness, disability or job loss. The key is that agents draw inferences
about the probability of such events (even if their occurrence is independent across agents)
from their observations of the consumption of others.!!

The agent’s estimated probability that date 1 wealth will be high (¢ = 0) is p. Based
on this estimate, the agent chooses date 0 consumption to satisfy the first order condition,
which by (1) yields optimal consumption

co=p (%) . (4)

In other words, date 0 consumption is proportional to the estimated probability that future
consumption will be high. It follows that if people were sure of a high outcome, they would
consume half their total wealth; if p < 1 they consume less than half.

To analyze saving out of date 0 income, it is natural think of total wealth, W, as being
generated through time. Since the interest rate is zero, the agent’s opportunity set as given
in equations (2) and (3) is consistent with the agent receiving a cash flow of /2 in each
of the two periods, where if the wealth disaster occurs, a further cash flow of ¢ = —W is
incrementally obtained at date 1. With this interpretation of the model, it then follows

that optimal saving (at time 0) is

w=t-5) (). 5)

Empirically, there is evidence that fear of adverse wealth shocks strongly affects con-

sumption /savings decisions (Malmendier and Shen 2018). Recent survey evidence suggests

1 An alternative modeling approach that would yield similar results would have agents learning from
others about the probability of dying young, which would also affect the benefits from saving. Yet another
approach would be to assume that owing to visibility bias, people overestimate the subjective discount
rates (preferences) of others; and that owing to conformism, people update their own subject discount
rates accordingly.



that, at least from an ex post perspective, people do think that the prospect of adverse
economic shocks should be an important consideration for their savings decisions. Boersch-
Supan et al. (2018) find that the experience of adverse economic shocks (such as prolonged
unemployment, divorce, or a health shock) is a key determinant of “savings regret” (wish-
ing one had saved more earlier in life), and argue that misperceptions about the probability
of shocks is a root cause of undersaving. There is also evidence that people learn from the
personal bankruptcies of neighbors about the risk of financial disaster, that learning of a
neighbor’s bankruptcy causes people to cut back on their credit card expenditures, and

that this results in a strong social multiplier effect (Agarwal, Qian, and Zou 2017).

3.2 Visibility Bias and Learning About Others’ Consumption

There are N > 1 identical agents, all facing identically distributed e risks. The total date 0
potential consumption of an agent is divided into K different activities which we call “bins”
(K large), where each bin represents potential consumption of W/(2K). There are thus in
total N K agent-consumption bins. We refer to a bin as full if it contains consumption and
empty otherwise. An agent who chose to consume W/2 at date 0 (consistent with belief
p =1, i.e., no risk of a negative shock) would then have all bins full, whereas an agent who
chooses to consume 0 (consistent with belief p = 0, i.e., certainty of the adverse outcome)
would have all bins empty. (We have verified in Appendix C that our basic finding of
overconsumption is robust to generalizing to allow for the possibility that when p = 1 only
a fraction of bins is full.)

We refer to the agent’s prior as the agent’s perceived distribution of p based only on
private signals, not social observation. The prior reflects private information, which makes
it useful for agents to update based upon the observation of others. Specifically, each agent
has a Beta-distributed prior for p, which is based on observation of () private signals about
the level of p. So p ~ Beta(Qn,Q — Q) = Beta(Qq,, Q(1 — ¢,)), where @ is a common
natural number for all agents, Q € N, 0 < Q,, < @, and ¢, of Q./Q."* Based on his
signals, the agent’s prior estimate of the probability of a high outcome is then g,. We call
qn agent n’s prior type.

We view the prior type distribution as arising when each agent, starting with an im-
proper Beta(0,0) “initial prior distribution” over p, takes @) drawings from a Bernoulli
distribution with probability p, and uses the information from these outcomes to update
his beliefs about p. The agent conditions on these observations to update to a prior
Beta(Qn,Q — Q) distribution, based on @), successes (where each success provides in-

formation suggesting that disaster is less likely). So @) is a proxy for agents’ prior precision,

12In the cases @, = 0 or Q,, = Q, the prior, like the initial prior, is improper, but this does not lead to
any technical problems with Bayesian updating of the beta prior. The Beta distribution, whose support
is [0,1], is commonly used to describe the distribution of unknown probabilities of a Bernoulli random
variable (in this case, the occurrence of the favorable wealth outcome).

10



and ¢, for agent n’s optimism. The number of successes (),, observed by agent n is ex ante
stochastic and binomially distributed. Since N is arbitrarily large, the fractions of agents
of different prior types are deterministic and follow a binomial distribution across agents,
as follows by the Glivenko-Cantelli theorem.

Specifically, each agent’s prior type is £/Q, where { ~ Binom(Q;p). By the Law of
Large Numbers, it follows that the deterministic fraction f;, of agents associated with prior

type £/@Q is

fo = (?)(1 — )9, (=0,1,...,Q.

By standard properties of binomial distributions over count variables (in this case, ¢), it

follows that the average prior type is

9 /¢
Z (@) fe=np. (6)
=0

So on average, agents’ prior estimates are correct.

Since the average prior estimate in the population is correct, if agents were to choose
their consumptions without observation of others, the average consumption level in the
population would be pW/2. So if just one deviant agent in the large population could
observe a sample of other agents’ consumption bins, this would be informative, with a
higher fraction of full bins indicative of higher p. The same point applies in our actual
setting, in which agents simultaneously observe samples of others’ consumption bins. Each
agent updates his belief about p based upon the fraction of full bins in his observations of
others.

Specifically, each agent observes a subset M bins of the other agents’ B = (N — 1)K
bins, and updates his belief about p based upon the fraction of full bins in his observations.
He views his observations as an unbiased sample, which may not be the case. Crucially, we
assume that observation is tilted toward those activities in which consumption did occur.
This derives from what we call visibility bias, the tendency to notice and recall occurrences
rather than non-occurrences.'?

One reason that consumption activities are highly visible is that many are social, such
as eating at restaurants, wearing stylish clothing to work or parties, and traveling. Further-

more, physical shopping is itself a social activity. Both physical and electronic shopping

13The occurrence versus non-occurrence distinction that we focus upon is not the only source of differences
in the salience of different consumption behaviors. Extreme outcomes also tend to be more salient. Other
things equal, we might expect this to cause observers to notice especially when others have either unusually
low or unusually high total consumption, with no clear overall bias toward either over- nor under- estimation
of others’ consumption. Such effects (which we do not model) would basically be orthogonal to those we
focus on. Our focus is on an attentional bias—neglect of nonoccurrences—that has a clearcut directional
implication.
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and product evaluation are also engaging topics of conversation, either in person or online.
In contrast, saving is often a private activity and investing are often undertaken privately
through banks, brokers, or retirement account software. Many television dramas display
glamorous consumption activities, travel, entertaining, and dining, and some media chan-
nels explicitly focus on shopping and other costly leisure activities. There are of course
exceptions to these generalizations, such as investment clubs, but overall, consumption
tends to be more observable and salient to others than is saving.'*

Specifically, if BC of the B bins are full and B" are not, then we assume that the chance

that an observed bin is full is

kCBC BT; X def
kcBC—i—k’NBN_B_C_I_%( _B_c>_x_+_1—_:v_57<$>’ (7)
B k B T

where k¢ is the probability that a bin is observed conditional upon it being full, £V is the
probability that a bin is observed conditional upon it being empty, 7 = k“/kY > 1, and x =
BY/B is the consumption fraction. The parameter 7 measures the overrepresentation of
full bins in the observer’s sample, i.e., visibility bias. When 7 = 1, the random observations
match the actual distribution of consumption bins. When 7 > 1, there is overrepresentation
of draws of consumption bins over non-consumption bins.!> The failure of the agent to
adjust for this overrepresentation is a type of selection neglect—mneglect of visibility bias.
The number of full bins observed by agent n is Z,, 0 < Z,, < M. We define z, = Z,/M
as the fraction of bins that agent n observes to be full, and z = % > . Zn. Visibility bias
tends to increase z,. Agents not understanding that there is visibility bias in consumption
observations is the only deviation from rationality in the model. It is straightforward to
show that the function S;(x) is strictly increasing in 7 and = € (0, 1), is concave in z, and
satisfies S-(0) =0, S;(1) = 1, and Sy(z) = =.

As we saw in equation (6), the average prior in the population is the true value p.
After updating to belief p,, each agent n consumes p,W/2. If all agents were to update

rationally, the average of their beliefs would still be p, so that average consumption in the

4 Observability of two specific behaviors merit explicit discussion. First, retirement savings have very low
visibility to others, so our approach suggests that people will underestimate such saving. Second, buying a
house is highly visible. This is another example of the higher visibility of engaging in a consumption activity
than not doing so. The purchase of a house is usually a shift to a higher flow of current consumption of
housing services financed by a major increase in indebtedness (mortgage down payments are usually much
smaller than the size of the loan), i.e., higher current consumption at the expense of future consumption.
Indeed, real estate equity is often accessed to finance non-housing consumption expenditures as well (Chen,
Michaux, and Roussanov 2013). Lusardi, Mitchell, and Oggero (2018) report that in recent years, older
Americans close to retirement hold more debt than earlier generations, primarily owing to the purchase of
more expensive homes with smaller down payments.

15We refer to the observer as observing a biased sample of target activities. However, the algebra of
the updating process in the model can equally be interpreted as reflecting a setting in which observers
draw unbiased random samples of observations, but where there is a bias in the ability to retrieve different
observations for cognitive processing and the formation of beliefs.
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large population would be the full-information optimal level, pI¥//2.

We assume that each agent uses Bayesian updating to estimate p based on his bin
observations, under the belief that the fraction of full bins in the population is p. In other
words, agents are unaware of visibility bias, so each agent thinks that average consumption
of others in the large population is the full-information optimal level, pWW/2. Defining
&= M/Q, it follows that agent n’s posterior belief is

. Qe+ Mz, gyt &z
=0T M 11+¢

(8)

The parameter £ is the weight the agent puts on the new observations relative to the agent’s
prior. This captures the intensity of an agent’s social interaction or social observation, and
will be a source of some of the model’s distinctive empirical implications. An agent who
observes others more updates more based on social observation.

Owing to visibility bias, agents tend to update heavily from their priors toward a belief
that others have high consumption. The variables z, and ¢, for agent n are ex ante
stochastic, but in the limit with many agents, the average updated estimate across agents

p= % >, Dn, 18, by the law of large numbers,

oy LNt & p+EE[
Nooo N 4= 146 14¢

(9)

This calculation takes as given the consumptions of all agents and the distribution of
priors. Each agent consumes in proportion to his probability estimate (as shown in (4)),
and the average agent estimate is p, so this determines average consumption. In a static
simultaneous equilibrium, this level of consumption determines the observations that agents
draw from each other.!® So the expected fraction of full bins observed by an agent under
visibility bias is just S-(p), i.e.,

B[] = S.(p). (10)

Specifically, each agent observes M bins, each with probability S;(p) of being full, leading
to an expected observed consumption fraction of E|[z] = E[z,] = S;(p).
We define the mapping 7' from observation of consumption fraction S;(x) to the pos-

terior belief as 5. (2)
def P &

T =7

(z) 1+¢

An equilibrium is defined as a solution p to (9,10), i.e., a fixed point p = T'(p). It is easy

6We examine an equilibrium in which all agents determine their consumptions simultaneously. In a
variation of the model, agents choose consumption sequentially based on (biased) observations of pre-
vious agents’ consumption. The large sample equilibrium with sequential observations converges to the
equilibrium with simultaneous observations that we study.

13



to verify that the unique equilibrium p when 7 > 1 is

(r—Dp+&—1+VV
20+¢6)(r—1) ’
Vo= [(r=1D(p+& -1 +4p(1 +&)(r — 1). (12)

where (11)

When 7 = 1, equilibrium is simply p = p. With no visibility bias, agents are correct in their
beliefs that the observed fraction of full bins in the entire population is p. When 7 > 1,
agents are mistaken in updating as if there were no visibility bias in anyone’s observations.
We write

p=B(7,p,§) (13)
for the function defined by (11,12) for 7 > 1, where B(1,p,&) = p.

In equilibrium, different agents have different p,’s because of randomness in the num-
ber of Bernouilli successes built into each agent’s prior, ), and the number of full bins
observed socially, Z,. But the aggregate estimate, p, and corresponding population per
capita consumption, ¢y, are nonrandom by the law of large numbers. We call p the equi-
librium probability estimate. It is proportional to the population per-capita consumption,
Co=7p (%) The overconsumption factor, the ratio of consumption to optimal consumption
(which is p (%)), is therefore p/p > 1.

It is easy to verify that when 7 > 1, there is a positive feedback effect:

ﬁ>p+§&@)

1+¢ (1)

In equilibrium an agent has higher consumption owing to visibility bias, thereby inducing
higher consumption by other agents. This in turn encourages even higher consumption by
the original agent. This feedback effect is reflected in the difference between the left-hand-
side and right-hand-side of (14). The feedback effect can be powerful, especially when ¢ is
high. The equilibrium has the following properties.

Proposition 1 In equilibrium:

1. The equilibrium probability estimate, p, and aggregate consumption are increasing in

visibility bias, T, i.e., Op/OT > 0, with p = p when T = 1;
2. AsT—00,p—= (p+&)/(1+E), sothat 0 < o < 1;

3. If T > 1, the average estimated probability of high consumption, p, and aggregate
consumption are increasing with &, the intensity of observation of others’ consumption

bins, and in the limit approaches 1 as & becomes large.

Intuitively, Part 1 says that owing to visibility bias in consumption observations, and ne-

glect of sample selection bias (or equivalently, use of the availability heuristic) in assessing
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frequencies, people update heavily away from their priors toward a belief that others are
consuming heavily. In consequence, observers update too favorably about the information
others have about the probability of wealth non-disaster. This causes people to overcon-
sume, and the greater the visibility bias, the larger the effect.

Part 2 indicates that when visibility bias becomes maximally strong, beliefs become
maximally overoptimistic, but that agents’ prior beliefs have a moderating effect, so that
the equilibrium beliefs do not spiral upward toward p = 1. Agents put some weight on
their priors, so even if 100% of observed bins are full, observers only update their beliefs
to (p+&)/(1+ &) < 1. The prior beliefs thus limit the severity of overconsumption.

Part 3 says that owing to visibility bias, greater observation of others as reflected in
¢ implies more optimistic beliefs and greater aggregate consumption. As observation of
others becomes very large relative to the prior precision, so that & approaches infinity,
there is drastic overconsumption (agents consume as if they were sure there were no risk
of a bad outcome). New biased observations dominate prior information, so that people
become certain of a high outcome, even if visibility bias is small (7 close to one) and the
probability for a high outcome, p, is low. This is because when agents place heavy weight
on socially derived information, the feedback effect becomes very strong. Since p = p
when 7 = 1, this also means that equilibrium consumption is very sensitive to changes in
7 for large . Together, Parts 2 and 3 suggest that the feedback effect inherent in social
transmission may be more important in generating severe overconsumption than visibility
bias itself, as long as there is some visibility bias.”

As discussed in the introduction, personal saving rates have plunged in the U.S. and
several other OECD countries over the last 30 years, and existing rational theories do not
seem to fully explain this phenomenon. Parts 1 and 3 of Proposition 1 provide a possible
explanation.

Over the last several decades, improvements in electronic communications by such
means as phone (the drop in cost of long-distance telephone service), the rise of cell phones
and email in the early 1990s, the rise of internet in the late 1990s, and blogging and social
networking (such as Facebook) over the last decade have dramatically reduced the cost of
conveying information about personal consumption activities. This is reflected in our model
as an increase in both 7 and &, as in Parts 1 and 3 of Proposition 1. Greater observation
and communication in general about the behavior of others is reflected by higher £ in the
model. Greater ¢ intensifies the effects of visibility bias by increasing the weight on social
observation relative to the prior, and implies a reduction in the savings rate.

Crucially, these technological changes also strongly suggest an increase in bias toward

observing consumption over nonconsumption, i.e., visibility bias 7. The activities that

'TEmpirically, social learning can indeed induce strong feedback effects in consumption behavior. Moretti
(2011) provides evidence that social learning about movie quality induces a large ‘social multiplier,” wherein
observation of others greatly increases the sensitivity of aggregate demand to quality.
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are noteworthy to report on very often involve expensive purchases, as with eating out or
traveling. Indeed, numerous television dramas and reality shows have long had a focus,
implicit or explicit, on such consumption activities. The explicit side includes travel and
shopping channels. For example, the first national shopping network began in 1985 as the
Home Shopping Network. The implicit side includes dramas, not limited to those centered
upon the antics of the wealthy (“Who shot JR?”). The shift to reality television also
induced greater observation of the consumption activities of others.

In more recent years, social media and review sites have been organized around con-
sumption activities, such as Yelp and TripAdvisor. The universe of YouTube video post-
ings includes travel and other consumption activities. On Facebook, a posting about a
consumption event triggers a notification to friends; a non-posting about not engaging in
a consumption event does not. Participants in special interest online discussion sites (e.g.,
focused on high tech or classical music) often post about associated product purchases.
Such posting are more interesting, and therefore more likely to occur, than a posting to
announce the news that the individual did not buy anything today.

In contrast, in-person unmediated observation of physically proximate friends or ac-
quaintances are likely to often include even nonconsumption activities. So the rise in
modern communications results in an increase in visibility bias (i.e., larger 7) and lead to
higher overconsumption.®:1

Past social research has also used other proxies for the intensity of social interaction
and observation (£), such as population density (e.g., urban versus rural).?’ This leads
to the empirical implication that after appropriate controls, greater population density is
associated with lower saving. In the time series, this suggests that the secular increase in
U.S. population over time may also have contributed to the decline in the savings rate.

The social influence parameter ¢ is identical across individuals. With diverse &’s, we
expect that individuals who engage in greater social observation will overconsume more
than those with lower £. Such individuals update their beliefs more optimistically. A

similar point holds for individuals who are more subject to visibility bias, i.e., greater 7.

8Increased internet usage—especially through online social networking platforms—is associated with a
larger number of ‘weak ties’ (merely casual acquaintances) in ones’ social network. Such weak ties are
especially useful for acquiring information and ideas (Donath and Boyd 2004; de Zdniga and Valenzuela
2011). Also, a social networking platform that relies on advertising for its revenues may have an incentive
to disproportionately convey notifications that relate to consumption activities.

Hirsh (2015) provides evidence that the drop in savings rates was accompanied by increasing
population-level extraversion in many countries. Hirsh’s shifting extraversion explanation is compatible
with our approach, since greater sociability causes greater observation of others’ consumption. However,
even in the absence of shifts in population-level psychological traits, our model can explain the drop in the
savings rates by improvements in communication technologies.

20People who are geographically closer tend to interact more (Borgatti et al. (2009)), even after the rise
of the internet and low-cost telephony (Mok et al. (2010)), and even in online social networks (Scellato et
al. (2010)). Sociologists have argued that people in urban areas have more voluntaristic social linkages, as
contrasted, e.g., with family ties (White and Guest 2003). These findings suggest that greater population
density increases the opportunities for people to interact and observe each other.
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It is evident that these predictions hold for the case in which £ or 7 is identical for almost

everyone.

Proposition 2 Consider a society with common social observation parameter & and visibil-
ity bias parameter T, with the exception of a deviant individual who has a social observation
parameter value of &', or alternatively a visibility bias parameter value 7. Then the expected
consumption of the &-deviant is increasing with &', and the expected consumption of the T-
deviant is increasing with 7'. A £-deviant on average consumes more than the others if and

only if & > &. A T-deviant on average consumes more than the others if and only if 7/ > 7.

The result follows from (8), since

_ P+ g/ST/ (ﬁ)

Blj) = T

which is increasing in ¢ and 7' (and a small deviant fraction does not alter the average
probability estimate p).

Proposition 2 suggests that people who engage in greater social observation or are
more subject to visibility bias will overconsume more. These implications are empirically
testable. For example, survey data has been used to study reported investment behavior
in relation to households’ sociability or intensity of social interaction, in the form of self-
reports of interactions with neighbors or regular church-going (Hong, Kubik, and Stein
2004; Georgarakos and Pasini 2011)). Some studies have exploited information about
actual social media connections (Heimer (2016), Bailey et al. (2016, 2018)).

Since neglect of visibility bias is an error, we expect 7 to be higher for individuals and
groups that are more subject to psychological bias, such as those with lower education
and 1Q. Psychometric indices such as scores based upon the Cognitive Reflection Task
(see the discussion in Frederick (2005)) provide more direct ways of measuring whether an
individual is likely to fail to adjust for selection bias (in this case, visibility bias).

A possible objection to the conclusion of overconsumption is that houses serve as in-
vestment as well as consumption vehicles, and are highly visible to others. However, as
discussed in footnote 14, the purchase of a house tends to be associated with an increase in
the consumption of housing services, financed heavily by debt—i.e., an increase in current
consumption at the expense of future consumption.

A related objection is that in a multiperiod setting, the purchase of a house could be
an indicator that an individual had saved heavily to accumulate enough for a substantial
down-payment. We extend the model to allow for observation of the old by the young in
Section 5.1 to allow for inferences about past saving. We show there that in equilibrium,
unambiguously, there is still overconsumption.

An interesting feature of the base model is that, despite naivete about visibility bias,

agents end up with correct beliefs about others’ average consumption and beliefs. To see
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why, recall that all agents expect others to on average consume based on the correct value
of p. In other words, agents do not recognize that others overconsume. Similarly, each
agent thinks that his own consumption is on average based on the correct value p. So each
agent believes that the consumption of peers is on average the same as his own. Since all
agents are ex ante identical (apart from their unbiased prior signals), they are correct in
thinking so. In other words, on average agents correctly assess the average consumption of
others.

This may seem counterintuitive, since agents are updating naively about the consump-
tion of others based upon upward-biased samples. However, since agents think that others
are not overconsuming, based upon priors, agents on average underestimate others’ equi-
librium consumption. On average these two effects exactly offset, so that people end up on

average with correct assessments of others’ average consumption.?!

3.3 Policy Interventions and Smart Agents

Overconsumption in our model derives from overestimation of safety with respect to ad-
verse wealth shocks (overestimation of p). This suggests that a relatively simple policy
intervention—saliently publicizing valid information about the risk of wealth shocks—can
help alleviate overconsumption. For example, publicity about the frequency of layoffs or of
expensive illness could be beneficial. Interpreted more broadly, low p could be the risk of
living a long time, resulting in higher-than-expected post-retirement consumption needs.
So salient publicizing of life expectancy information could help.

However, in practice it may be hard to make such disclosure salient and easy for people
to interpret. Research on heuristics and biases consistently finds that people tend to put
little weight on base rate probability information such as a numerical report about risk
of layoffs (Kahneman and Tversky 1973; Borgida and Nisbett 1977). Furthermore, people
may have trouble interpreting mortality or life-expectancy tables, which require significant
cognitive processing to translate into an optimal plan for how much to save.

We therefore consider other possible types of disclosure, and their effectiveness when
there are ‘smart agents.” In Subsubsection 3.3.1 we consider disclosures of the average
consumption or saving rate of peers, where there is no visibility bias in the disclosure. By
this we mean that the disclosure does not do anything special to highlight consumption
versus nonconsumption activities, nor the actions of those who are consuming heavily versus
those who are saving heavily. In Subsubsection 3.3.2, we consider such visibility-biased

disclosures.

21To put this another way, observers update from their priors toward on-average-high consumption obser-
vations of others, where these observations tend to be high even relative to others’ actual high consumption.
But observers still place positive weight on their priors, so their updates are only partial. As is standard
in Bayesian updating, they attribute the high level of the signal in part to randomness (or in the context
of observing consumption bins, sampling error).
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3.3.1 Public Disclosure of Average Consumption of Peers

A possible policy intervention suggested by the visibility bias approach is to publicize some-
thing simple which translates fairly directly into a consumption/savings recommendation:
the average consumption or saving rate of peers. Since people in our approach do not take
into account that others are biased, under plausible variations of the base model assump-
tions, as we shall see, people may end up with biased perceptions about what others believe
and how much they consume. If so, saliently publicizing accurate information about oth-
ers can help alleviate overconsumption. Specifically, if people overestimate how optimistic
others are, and how much others consume, then accurate information about others would
correct that mistake, reducing overconsumption.

Empirically, in tests covering a very wide range of activities, the intervention of provid-
ing accurate information about peer beliefs or behavior tends to cause behavior to conform
more closely to the disseminated peer norm (e.g., Frey and Meier (2004), Cialdini et al.
(2006), Salganik, Dodds, and Watts (2006), Goldstein, Cialdini, and Griskevicius (2008),
Cai, Chen, and Fang (2009), Gerber and Rogers (2009), and Chen et al. (2010)).%* Social
norms marketing, or dissemination of information about one’s peers, can be an effective
policy tool for correcting inaccurate beliefs about peers, and to makes peer actions more
salient.

In an example of the effects of peer disclosure, informing college freshmen of survey re-
sults about the attitudes of other college students toward heavy drinking is associated with
lower levels of self-reported drinking 4-6 months later, as well as lower acceptance of pro-
drinking norms (Schroeder and Prentice 1998). The explanation offered by the authors was
that students were conforming to a better and more realistic norm. Bursztyn, Gonzalez,
and Yanagizawa-Drott (2018) report that a very large majority of young married men in
Saudi Arabia support female labor force participation outside of home, but substantially
underestimate how much similar men support this. In an incentivized experiment, ran-
domly correcting beliefs about other men increases men’s willingness to let their wives join
the labor force, and actual labor force participation by their wives. In the context of our
model, these findings raise the question of whether salient reporting of actual consumption
of peers would reduce consumption.

We have seen that in the base model as developed so far, agents on average have

correct assessments of the average consumption of others. It follows that disclosure of the

22However, there are exceptions in which people adjust their behavior away from the disclosed actions
of others. In an experiment on retirement savings behavior in a large manufacturing firm, Beshears et
al. (2015) document that information about the high savings rates of other employees can sometimes lead
low-saving individuals to shift away from the disclosed savings rates, which Beshears et al. suggest may
derive from a discouragement effect. This result holds only for the subpopulation of employees with low
relative incomes who had never participated in the firm’s 401(k) plan. Such employees may regard the
higher-income employees who were plan participants as not truly peers (in the context of our model, e.g.,
not having identically distributed wealth shocks). So our theory does not make a prediction about the
outcome of this experiment.
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actual average consumption of others will not change the average level of overconsumption.
Specifically, an agent with prior ¢, and bin observations z,, who observes a publicized

signal of p (or equivalently of aggregate consumption), arrives at the posterior

. ut &zt ap
" I+&+a

Here, the parameter a@ > 0 determines how much weight the agent puts on the public
signal .

The equilibrium condition then becomes

p—f—fST(ﬁ)—l—Ozﬁ
1+&+a

p= , (15)
which, as is easily verified, leads to the same equilibrium as in the base model (which
corresponds to a = 0).

However, in a slight generalization of the base model, there is systematic overestimation
of the consumption of others. Suppose that there is a group of more knowledgeable or
sophisticated agents (“smart agents”). Specifically, we now allow for a second group of
agents consisting of fraction ¢ of the population who end up with unbiased expectations,
i.e., their average posterior belief is p. This would occur, for example, if these are smart
agents who rationally adjust for visibility bias in their observations. Alternatively, even if
these agents are subject to visibility bias, this outcome will occur if they have strong prior
information about p (i.e., the number of signals @ reflected in their priors is arbitrarily
large). For example, these agents may have studied the statistics on the frequency of
expensive illness or of job loss. Then their beliefs will tend to be close to p, and they won’t
update much when they learn the population average consumption. The remaining 1 — ¢
agents, just as before, neglect visibility bias.

Now the average population belief p, and therefore also aggregate consumption, reflect
a balance of beliefs between the smart agents and the other agents (whom we will refer
to as ‘biased’). Let p¥ be the average belief of the biased agents (V for visibility bias).
Intuitively, in the absence of public disclosure, the average belief is dragged down by the
smart agents (beliefs near p), and dragged up by the optimism of the biased agents (p"" > p).
This implies that the beliefs of the biased agents are above average (p¥ > p). So a salient
disclosure that indicates that the average belief is p pulls down the beliefs of the biased
agents substantially, and only modestly lifts the beliefs of the smart agents. So overall p

declines, reducing overconsumption.

23In a large population, a perfectly accurate disclosure of the average behavior would reflect an extremely
large sample. This would be so informative that agents would put arbitrarily heavy weight upon the public
signal. However, in reality empirical proxies for aggregate consumption are noisy, so that a Bayesian (or
quasi-Bayesian) would put only a finite weight on it. For simplicity, instead of modeling noise in detail, we
assume that each agent places only a finite weight « on the disclosed average consumption of others.
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To formalize these intuitions minimally, consider the case in which the smart agents
(whom we have described as either rational or well-informed) know the true p. Then the
biased agents observe S, (¢p + (1 — ¢)p") and neglect the selection bias in this observation.
Also, just as above, they put weight « on the public disclosure of p. So equilibrium with
the public signal can be defined as the modification of (15),

Ly pFES(p) +ap

v tra p=aop+(1—¢)p". (16)

It follows that biased agents believe that average consumption is higher than it is, p¥ >
p=o¢p+(1—¢)p¥. Comparing the case o > 0 with the no-disclosure case of o = 0, we see
that in the smart agents model, publicizing a (potentially noisy) signal about the average
belief p or average consumption of others in equilibrium decreases aggregate consumption.

The above discussion implies:

Proposition 3 Consider the modification of the base model from Section 3.2 in which there
is a fraction ¢ of ‘smart’ agents who know the true probability p of no disaster, and where

average consumption is publicized. Then
1. Agents on average overestimate the average consumption of others.

2. Average consumption is decreasing in the weight, o, that agents with visibility bias

assign to the public signal.

We are not aware of evidence about whether people tend to overestimate the aggregate
consumption of others (as in this smart agents model), or not (as in the base model equi-
librium). Which of these is the case has important policy implications.

The conclusions of Proposition 3 would also hold even if ‘smart” agents were less smart
than we have assumed, as long as their average belief, in the absence of disclosure, is below
the population average, and they are sufficiently resistant to updating upward in response
to disclosure of the population average. In the proposition, these two features are achieved
by having all smart agents know the true p < p. This certain knowledge makes them
resistant to updating upward after disclosure.

Another possibility is that smart agents are individuals who are overconfident in the
sense that they mistakenly have more faith in the accuracy of their own signals than in
the signals of others.?* As such, they are little influenced by their visibility-upward-biased
personal observations of others, causing their average beliefs to be below the population

average. Furthermore, when the public signal about average consumption is disclosed, they

24We consider here overconfidence about priors that are, on averaged unbiased. Le., we are not referring
here to systematic overoptimism. Overconfidence in the sense of overestimating the accuracy of one’s own
beliefs is extremely well-documented in the psychology and economics literatures (see, e.g., the surveys of
Daniel and Hirshleifer (2015), Moore, Tenney, and Haran (2015)). It is also well-documented that people
are heterogeneous in their degrees of overconfidence.
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place little weight on this information as well, so they do not revise their beliefs upward
very much.

Another pathway to the result is if ‘smart’ agents are smart only in the sense that they
understand that there is visibility bias (where it is not crucial whether or not smart agents
understand that other agents neglect it). If so, then smart agents will not update upward
as strongly as other agents do based upon personal observations of others, so again, the
beliefs of smart agents will be below the population mean.

When we consider our extension to a setting with overlapping generations, we will see
why a different kind of disclosure—of the consumption of only a subset of the population—
can also help reduce overconsumption.

A different possible approach to correcting overconsumption, which we explore in the
next section, is to fight visibility bias with visibility bias. If there is a way to make saving
behavior more salient, observers who neglect visibility bias will tend to update more toward
a belief that others save heavily, and hence that saving is desirable. This approach can be
effective even when there are no smart agents in the model, and no misperceptions about

others’ average consumption.

3.3.2 Visibility-Biased Disclosures

We now examine disclosure that us subject to visibility bias, in the sense of increasing the
salience of consumption versus nonconsumption behaviors. We first examine analytically
the effect of accurate public disclosures that make the saving behavior of others more
salient. We verify that in equilibrium such visibility-biased disclosures encourage saving.
We then discuss in practical terms how to make a disclosure that highlights saving behavior,
and how effective such disclosures are likely to be. Since the effects we describe here do
not require the smart agents considered in the preceding subsection, we return to the base
assumption that all agents are ex ante identical.

As we have seen, when a plain vanilla disclosure is added to the base model with all
agents ex ante identical, as in equation (15), equilibrium consumption is unaffected. Sup-
pose instead that the signal calls attention more to nonconsumption than to consumption
behavior.2> We will refer to this as a signal about “saving,” but clearly in substantive
terms, a disclosure about saving is equivalent to a disclosure about consumption, since one
can be inferred from the other. Consumption is proportional to p, and saving to 1 — p
(see equations (4) and (5)). Observing a signal about average saving is thus equivalent to
observing a signal about 1 — p. So we are now referring to a disclosure that makes salient
the saving rather than consumption activity of others.

What does it mean to make an accurate disclosure which is biased toward visibility of

25Importantly, we are only examining accurate disclosures. They direct attention to saving behavior,
but are not misrepresenting the amount of it that is occuring.
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saving rather than consumption? People could be given stickers that they are free to post
on their cars or in personal spaces, saying “Proud Retirement Saver.” The policymaker
could have an advertising campaign explaining that these signs or stickers are given to
anyone who is saving more than some prespecified absolute amount or fraction of income.
There is visibility bias, since the presence of the sign or sticker is more noticeable than the
absence of one.

In the model, if there were no visibility bias to the saving disclosure, in (15) above,
agents would infer that a signal about saving (basically 1 — p) is equivalent to a signal
about consumption (basically p =1 — (1 — p)). As we have seen earlier, in the absence of
visibility bias, a disclosure about consumption has no effect on average saving. However,
if there is visibility bias in the disclosure toward the occurrence of saving behavior, and
observers neglect this visibility bias, then observed saving is overestimated. Specifically,
the visibility bias function in the disclosure has the same value, 7, as the visibility bias
in the direct observation of others, so that the visibility bias function S, is applied to the

amount saved. It follows that equilibrium beliefs satisfy

p+€5.(p) +a(l = S:(1-p)

1+&+a (17)

=
The 1 — S, (1 — p)-term in the expression reflect the agent’s neglect of visibility bias about
saving. The agent believes that he is observing a signal about 1 — p (proportional to
saving), when he is actually observing a signal about the visibility-biased quantity S, (1—p).
This leads to the inferred belief (proportional to consumption) of those observed via the
disclosure of 1 — S-(1 — p), rather than p =1 — (1 — p).

Equation (17) has a unique closed form solution, and it is not hard to derive the fol-

lowing;:

Proposition 4 FEquilibrium consumption when there is visibility bias toward a disclosure

of higher saving, as given in (17), is lower than when there is no the disclosure, as given
in (13).

Publicizing the visibility-biased signal about savings thus unambiguously results in lower
consumption. In other words, the disclosure fights visibility bias with visibility bias. Neglect
of visibility bias about the disclosure encourages saving by partly offsetting the effects of
visibility bias in agents’ direct observations of others’ consumption activities.

For several reasons, interventions by policymakers to make saving behavior more salient,
as reflected in the « term in the numerator of equation (17), is unlikely to fully offset
the spontaneous visibility bias toward observing the consumption activities of others, as
reflected in the & term. People are heavily exposed to the consumption of others many
times each day as people interact with others in-person or electronically. In contrast,

policy campaigns are likely to be episodic and to generate a relatively limited number of
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observations. Nevertheless, if the campaign succeeds in making observations about others’
saving behaviors sufficiently salient, there can be a beneficial effect.

A drawback of the sticker intervention that we have described is that people have little
incentive to post the stickers. Indeed, some might fear that posting such a sticker would
look like bragging. However, a more nuanced scheme could potentially be designed to
minimize these problems.?%

Disclosure that is visibility-biased toward saving is, in a sense, a more powerful way of
encouraging saving than nonselective disclosure, because it enlists visibility bias to shift
beliefs in favor of saving. Suppose, for example, that a nonselective disclosure about con-
sumption levels reports that among some set of 100 bins, 75 are full, whereas a saving-
visibility-biased disclosure reports that within some set of 100 bins, 40 are full. Since
observers neglect visibility bias, clearly the second intervention will push beliefs farther

downward.

4 Observation of Others in a Social Network

We can describe an agent’s linkages in a social network in terms of whose consumption an
agent can observe. So it is interesting to study how network location affects consumption
and perceptions of the consumption of others. We therefore extend the model to allow
for an arbitrary social network. This allows us to derive empirical implications for how
individual centrality and overall network connectedness affect beliefs and consumption.
Agents are connected in an undirected social network represented by the graph G =
(N, E), where N is the set of agents and £ is the set of edges connecting them. The set
of agents N' = {1,..., N}, and (m,n) € € C N x N if agents m and n are connected
in the sense that they potentially can observe each other’s consumption. By convention,
the network is undirected, i.e., (m,n) € £ < (n,m) € £, and agents are not connected to
themselves ((n,n) ¢ £). The set of agents that n is socially linked to is D,, = {m : (n,m) €
£} ¢ N\{n}, and n’s connectedness is d, = |D,,|. The maximal degree in the network is

D = max,, d,,.>"

26For example, the scheme could be localized, with members of a neighborhood receiving the “Proud
Retirement Saver” stickers. Signs would be set up in the neighborhood as locations for people to post
their stickers anonymously, but people would also be encouraged to post them on their own cars, or at
their homes or workplaces. The policymaker counts the number of stickers posted on the public sign
locations. For posts in personal locations, people self-report to the policy-maker. Savers as a group are
given monetary bonus when there are more posted stickers in the area. Again, the presence of the stickers
leads to a clear visibility bias toward saving over consumption.

2"To ensure that there is a large enough number of agents so that the law of large numbers can be used
(as in the previous section), we make the technical assumption that there are a many agents at each node
position in the network, where each agent’s prior is still drawn independently of all other agents. Each
agent randomly observes the consumption bins of agents in its neighboring node positions. The approach
is similar to the replica network approach in Walden (2018). Each node in the network thus represents a
whole equivalence class of agents who are ex ante identical, and there is a sufficient large number of agents
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Associated with the network is the symmetric adjacency matrizc E € R¥*Y | with E,,,,, =
1if (m,n) € €, and E,,;, = 0 otherwise. We focus on a connected network (meaning that
there is a path between any two agents). Fach agent therefore has at least one neighbor.

Agent n, with prior type ¢,, randomly observes d,, M consumption bins of his neighbors’
d, K bins. Here, we assume that the number of bins per agent, K, is sufficiently large that all
agents treat these observations as effectively independent, i.e., as if the agent were sampling
with replacement. An agent with more neighbors has more observations, and therefore
updates his consumption behavior more aggressively than an agent with few neighbors.
This is captured by the variation of d,,, as contrasted with the base model in which all
agents have the same number of observations, M. Given observations of their neighbors,
each agent forms posterior beliefs p,, that govern their own consumption. Specifically, z,
is the fraction of agent n’s observations of n’s neighbors’s bins that are full. It follows that

when there is visibility bias, 7 > 1,

Blz] = 5, (di > m) . (18)

n mEDn

Definition 1 A network consumption equilibrium is a vector, p = (p1,P2,...,Pn) €
[0, 1]V, such that

P+ &S (& Coen, bn)
Pn =

=1,...,N. 1
1+dn§ ) n ) ) (9)

This is the natural generalization of the equilibrium concept used in the preceding section.

The population equilibrium probability estimate is
_ 1 _
b= N ana

and the per capita consumption is ¢g = p (W/2). The network economy is characterized
by the tuple T = (E,, 7,p), where E is the adjacency matrix of the connected network,
£>0,7>1,and 0 < p < 1. Owing to neglect of visibility bias, each agent behaves as if
the economy is actually 77 = (E, ¢, 1, p).

The following proposition characterizes the equilibrium:

Proposition 5 Consider an economy represented by T = (E, &, 7,p).

1. There exists a network equilibrium vector, p € [p, 1]V, with correct consumption, i.e.,

p=(p,p,...,p) if and only if T = 1.

in the economy so that expectations rather than realizations can be used in the subsequent equilibrium
fixed point definition, as in the base model of Section 3.2.
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2. The equilibrium vector is unique if

1 2
(1 + f_D> (rT=1p+1° > (20)

Alternative sufficient conditions for uniqueness are that:

(i) The prior probability for high consumption is sufficiently high, p > %, or
(i1) Visibility bias is sufficiently weak, i.e., T is sufficiently close to one, so that
T<1+ 5%7 or
(i1i) Visibility bias is sufficiently strong, i.e., T is sufficiently large, so that 1 < p(T —

).

3. As T — 00, the equilibrium vector converges to

_— (P"’dlf P+ dx§ p‘f'dzvf)/
1+di &7 1+dr$ "1 +dyé)

From here on, we focus on the case when p > 1/2, justified by our assumption that the
negative wealth shock (which occurs with probability 1 — p) is relatively rare. This implies
that the equilibrium vector is unique.

For reasons of tractability, network models often focus on symmetric networks. In this
context we define a network as symmetric if all agents having the same connectivity, d.
(This is a milder assumption than most definitions of network symmetry in the literature.)

Recalling the definition of the probability assessment function B from equations (11)-

(13), for symmetric networks, we also have:

Proposition 6 When the social network is symmetric, equilibrium satisfies p, = B(T,p, d§),

n=1,...,N, so that all agents have the same beliefs and consumption.

Specifically, in a symmetric network, all agents consume (W/2)B(T, p,d§). It follows that
all the results in Proposition 1 generalize to symmetric networks. It is intuitively clear
why equilibrium is symmetric in a symmetric network. In the model, each agent’s belief
updating as a function of bin observations depends directly only on how many neighbors the
agent has, and in a symmetric network, all agents have the same number of neighbors. So if
we propose a symmetric equilibrium, agents update symmetrically across nodes, consistent
with the symmetry of the proposed equilibrium.

Moreover, the following results hold with respect to connectivity, d:
Corollary 1 When the social network is symmetric:

o Fquilibrium consumption ¢y 1S increasing in connectivity, d.
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o As connectivity, d — oo, equilibrium consumption approaches W /2, corresponding to

Dn =1 for all n.

So, overconsumption is more pronounced in more well-connected societies. Intuitivel
) )
greater connectivity creates greater observation of others, which promotes heavy upwards

updating; and this effect is further intensified by the social feedback effect.

4.1 Individual consumption and centrality

The network equilibrium relation (19) suggests that an agent’s equilibrium consumption
increases in his connectedness, d,,, because the more connections, the more weight placed
on observations of others and the less weight on the (lower) prior. This is the only mech-
anism through which an agent’s number of connections is important in our model. This
distinguishes our model from that of Jackson (2018), which assumes a direct payoff com-
plementarity wherein the incremental payoff from engaging in the behavior is increasing
in the product of the number connections an agent has and the average behavior of those
connections.

In our network setting, an agent’s consumption is also increasing with the consumption
of network neighbors. The consumption of these neighbors, in turn, tends to be increasing
in their connectedness. So an agent’s consumption depends upon a potentially unlimited
iteration of dependencies, where each stage tends to be increasing with the relevant agents’
connectedness.

Measures of centrality from network theory are sometimes designed to take into ac-
count such iterated dependencies. This suggests that agents that are more central (well-
connected) will overconsume more. This can only be evaluated in a network where agents
differ in their connectivity. To examine such effects, we therefore now consider asymmetric
networks.

We study a class of networks in which there is a core of highly connected agents sur-
rounded by peripheral, less connected, agents who are mainly connected to the core. In
a social context, we can think of the network’s core as consisting of highly social agents
who have many connections among themselves and to others. Such networks are thus
asymmetric.?8

For tractability, we study core-periphery networks in which all core agents have the
same number of connections to other core agents, namely d° > 0, and the same number,
d” > 0 to peripheral agents. Each peripheral agent is connected to only one core agent.
An example of a network with d® = 3, d© = 3 is shown in Figure 1. Note that d” also

denotes the number of peripheral agents per core agent in the economy.

28Core-periphery networks arise in many different real world contexts, such as over-the-counter dealer
markets.
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Figure 1: Core-periphery network, with 4 (black) core agents in center and 12 (red) peripheral
agents. Each core agent has d© = 3 connections to other core agents, and d” = 3 connections to
peripheral agents.

By Definition 1, the equilibrium probability estimates of the core and peripheral agents,
p¢ and p*’, satisfy
C _ P _
p+ (d° +dP)ES, ((dcdw) P+ <dcdw) pP)
14 (d° +dP)¢ ’

P (21)
po_ pHES ()

1+¢ (22)

p

Also, the per capita consumption in the economy is ¢y = p (%), where, since there are d”

peripheral agents for each central agent,

is a weighted average of the agents’ probability estimates. Under our assumption that
p > 1/2, by Proposition 5, the equilibrium is unique, and network structure determines

equilibrium overconsumption.

Proposition 7 Core agents consume more than peripheral agents, p¢ > p*, and aggregate

consumption is increasing in the connectivity of core agents, d°.

Proposition 7 indicates that when the core agents are more heavily connected, there is

greater overconsumption. So if social trends, such as the rise of Facebook or Twitter,
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result in core agents becoming more heavily connected, we expect overconsumption to

increase.

4.2 Social Networks, The Majority Illusion, and Policy Interven-

tions

We have seen in Subsection 3.3 that when there are smart agents, on average agents over-
estimate the average consumption of others. It followed that salient public disclosure of the
consumption of others helps reduce overconsumption. We will now see that even without
smart agents, when we make the realistic assumption that the social network is asym-
metric, again there are misperceptions of the average beliefs and behavior of others. In
consequence, the disclosure of public information about what others think and do again
can reduce overconsumption.

We illustrate this in a simple example in which agents end up overestimating the con-
sumption of others. We again will evaluate the policy intervention of introducing a public
signal. So we now consider an extension of the network model in which all agents receive
an additional unbiased public signal about per capita consumption or the average proba-
bility estimate, p, which they incorporate into their Bayesian posteriors. This leads to the

following definition of network equilibrium:

Definition 2 A network consumption equilibrium with a public signal about aggregate con-

sumption is a vector, p = (p1, Do, ..., bn)" € [0,1]Y, such that

P+ d&S: ( Loep, bn) + duap
Pn =

1+ do€ + dnor

., n=1,...,N, (23)

where p = % > Dn-

In this extension, agents’ posteriors are based on three components: their priors, their
observations, and the public signal. As before, the parameter o > 0 determines how much
weight the agents put on the public signal. When a = 0, the extension reduces to the
original network model.

As in the base model without smart agents, in the network model, the presence of a
public signal about aggregate consumption does not correct overconsumption if the network

18 symmetric.

Proposition 8 In any symmetric network, aggregate consumption is unaffected by the

weight agents assign to the public signal, dp/do = 0.

This comes from the fact that agents consume based on posterior beliefs, which on average

are equal to p. It follows that on average the public signal just reconfirms these average
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posterior beliefs, and therefore has no effect on aggregate consumption. This intuition is
essentially the same as the intuition for the effect of disclosure in the base model.
Proposition 8 provides conditions under which publicizing aggregate consumption data
does not help address overconsumption. However, this relies on the crucial assumption that
networks are symmetric. A key property of symmetric networks in our model is that the
average posterior belief is consistent with actual aggregate consumption. This is in general
not the case in asymmetric networks. As we have seen, in our model central agents in
asymmetric networks consume more, and also disproportionally influence the consumption
of other agents. Therefore, the consumption of the average observed agent tends to be
higher than the consumption of the average agent. This point is a reflection of the majority
illusion in social networks (Lerman, Yan, and Wu 2016), wherein observers disproportion-
ately see the characteristics of better-connected agents. (This effect is a generalization of
the friendship paradox, which was discussed in the introduction.) The higher average con-
sumption of observed agents in an asymmetric network is greater than the public signal of
actual per capita consumption. So the public signal acts as a corrective to overconsumption.
We verify this conclusion in the core-periphery network in the previously studied case,
where it is easy to verify that p, and thereby also average consumption, is decreasing in

the weight assigned to the public signal.

Result 1 In a core-periphery network with d° = 3, d¥ =3, ¢ =1, 7 =2, and p = 3/5,
D, and thereby also average consumption, is decreasing in the weight assigned to the public

signal, o.

To sum up, just as in the ‘smart agents’ setting of Subsection 3.3, in an asymmetric
networks setting, a public signal helps expose mistaken beliefs that agents have about
the consumption of others. This makes public perceptions more accurate and reduces
overconsumption. The conclusion that public disclosure can help remedy misperceptions
about the beliefs and behaviors of others is in the spirit of Jackson (2018), who finds that
beliefs and aggregate actions can be corrected by public disclosure when there are positive
strategic complementarities in the actions of different agents. Our findings differ in two
key ways.

First, our finding in the setting with smart agents is not based on network asymmetry.
Even if all agents are equally well-connected, disclosure can help correct misperceptions
about others. In contrast, network asymmetry (and its consequence, the friendship para-
dox) is the reason why disclosure has an effect in Jackson’s model.

Second, our model is not based upon strategic complementarities, which drive the effects

in Jackson’s model. The driving force behind our results is naivete about visibility bias.?’ So

29This can be relevant for empirical applications, since strategic complementarities for some consumption
activities are likely to be modest or even negative. For example, congestion effects can induce negative
strategic complementarity. If others consume heavily by buying cars, the resulting traffic makes it less
desirable to own a car.

30



whereas Jackson’s approach is about the interaction between naivete about the friendship
paradox and preference complementarities, our approach is focuses solely on belief biases.
Even in our network model, in which the friendship paradox is involved, the mechanism by
which it operates to amplify overconsumption (which is present even without it) is quite
different.

5 Extensions

Both to address the generality of our conclusions and to address interesting additional
issues, we now consider extensions of the base model which, for tractability, make some
stronger assumptions.

First, in reality people differ in age. Might observation of the old undermine the conclu-
sion that people overconsume when young, perhaps because observation of the old people
provides a reality check? Also, does the degree of tilt toward observing the young versus
the old have empirical implications for how heavily people consume? We address these
topics in Subsection 5.1.

Second, in reality people do not perfectly know each other’s wealth, which changes the
learning problem because observed consumption in many bins is an indication that the
targets of observation have high wealth, not just favorable signals about the probability
of no wealth disaster. This leads to empirical implications about wealth dispersion and
overconsumption in Subsection 5.2.

Third, we have so far assumed a fixed riskfree interest rate. We allow for increasing
supply of debt as a function of the interest rate in Subsection 5.3. We show that overcon-
sumption is obtained in this setting too, and that interest rates are higher when visibility
bias is present than when it is not.

As a matter of robustness, we also show in the appendix that results similar to those in
the base model arise under some technical variations. We consider other utility functions
in Appendix B. We then depart from the assumption that the maximal fraction of full con-
sumption bins is 100%, in Appendix C. Specifically, our base model made the assumption
that when the agent is maximally optimistic, and therefore consumes W/2 at date 1, that
this is achieved when all the bins are full. Our extension allows for consumption of W/2 to
leave some bins empty. This variation is also useful for the analysis in Sections 5.2 and 5.3.

For the variations we study in this section, we make the additional assumption that the
number of prior and consumption observations, () and M, are very large, so that agents’
priors are very close to p and the number of observed full bins, z,, is very close to F|[z].
The fraction ¢ = X is still an arbitrary positive number. We may think of this as studying

Q
the limit of a sequence of economies as ) — oo, with M = £(Q) in each economy.
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5.1 Age Differences: An Overlapping Generations Setting

In the base model all agents observe each other and make their savings decision at the
same time, when young. In reality, young people sometimes observe the consumption of
old people who are consuming from their savings. If the young are overconsuming, then
as in the base model, observations of the young promote an inference of low disaster risk,
which encourages the young to consume heavily. However, if the young overconsume, the
old will, on average, underconsume. If a young observer sees low consumption of the old
(this will not necessarily be the case, owing to visibility bias), the observer may infer that
disasters were realized heavily, reducing consumption. This leads to an inference of high
disaster risk, which discourages current consumption by young agents. This raises the
question of whether overconsumption by the young can be self-confirming.

An alternative intuitive perspective also raises a doubt about whether in equilibrium
there must be overconsumption. Suppose that owing to visibility bias, young observers
think they see high consumption by old agents. Then young agents may infer that old
agents had saved a lot when they were young, which would occur if they had viewed the risk
of a wealth disaster as high. This inference discourages young observers from consuming
heavily. Alternatively, a young observer might conclude that in the current period old
agents have generally had favorable wealth realizations (not disasters). That suggests an
inference of low disaster risk, which encourages young agents to consume heavily. The
overall outcome is not immediately obvious.

When modelled in a straightforward way, we will see that just as in the base model,
unambiguously, the young overconsume. To allow for observation of the old, we extend the
base model to include an overlapping generations (OLG) structure in which there are both
young and old agents at any given point in time. Specifically, the fraction A € [0, 1] of the
bin observations are of the young, and the remaining fraction 1 — X\ of observations are of
the old.

The case A = 1 corresponds to the base model. The young might, for example, dis-
proportionately observe each other rather than the old, owing to homophily (the tendency
for people to interact with others who are similar), leading to higher A\. On the other
hand, the old may act as role models for the young, leading to lower A. In addition to bias
toward observing young or old, A reflects the fractions of the population that are in these
two groups. If, for example, there is no bias in observation of young versus old, then since
all agents live exactly two dates, we can think of A as a summary statistic for population
growth. The population pyramid will be such that X is high in rapidly growing populations.

We assume that the e-shock is independent across agents (though still identical in dis-
tribution), to avoid systematic variations in aggregate consumption across time. Moreover,
we study stationary equilibrium in which the average estimated probability of no wealth

disaster, p, is constant over time.
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Young agents observe a random sample of consumption from each cohort, i.e., AM
observations are from the young generation, and (1 — A\)M from the old. Introducing
observation of the old requires a slight extension of the base model, because an old agent who
is unlucky and hit with disaster potentially has a negative level of consumption, but it does
not make sense to talk about a negative fraction of full consumption bins. On the opposite
side, an old agent who is lucky and not hit with a disaster potentially consumes more than
W/2, the expenditure corresponding to all bins being full. Since the main reasoning of the
model is based on average levels of consumption within the population or subpopulations,
these problems can be addressed by assuming a date-1 transfer of consumption from the
lucky old to the unlucky old that brings the consumption level of the unlucky up to zero,
and ensures that the consumption levels of the lucky old are never greater than /2.3

We assume that visibility bias, as previously specified in (7), is the same for observa-
tions of either the young or the old. As in the base model, observers think there is no
visibility bias, and believe that the average consumption of the young is optimal, pWW/2,
where as before, p is the true probability of non-disaster. It follows that observers believe
that the average consumption of the old is also pW/2, corresponding to the fraction p of full
consumption bins by the old.*! The young therefore view consumption bin observations
of the old as having identical information content as observations of the young. In conse-
quence, it does not matter for the analysis whether observers can see whether any given
consumption bin observation is drawn from the old or from the young; even if an observer
sees the identity of the agent corresponding to an observed bin, the observer ignores this
information.

Given a cohort’s estimated p when young and their associated consumption of p (%),
by the law of large numbers their average consumption in the next period, when old, is
(2p — p) (%), where p is the true probability. When p > p, there is underconsumption by
the old generation compared with the social optimum, pW¥/2, since 2p — p < p. Without
visibility bias, by reasoning similar to that leading to (8), equilibrium average beliefs satisfy

p+ &P+ (1= NEp—p)l
1+¢

p= : (24)
which has the unique solution p = p. In this equilibrium, agents in both cohorts consume
on average pW /2, observations of young and old consumption are consequently equally
informative, and young agents update accordingly. Thus, without visibility bias agent

30Specifically, we assume that at date 1, unlucky old agents work for lucky old agents (e.g., shopping for
them or mowing their lawns), the payment thereby increasing the consumption level of the unlucky to zero,
and reducing the average consumption of the lucky old accordingly. We further assume that the gains from
this exchange are very small, so that the disutility of work of the unlucky old offsets their consumption
benefit, and similarly the benefit to the lucky old of hiring the unlucky old is close to zero. Since these
transactions leave everyone virtually indifferent, the ex ante optimization problem at date 0 is unchanged.

31The average consumption of old who consumed pW/2 when young is by the law of large numbers
p(W—pW/2) + (1 = p)(W — pW/2 = W) = pW/2.
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behavior is rational, as in the base model.
When there is visibility bias, observation of the bins of the young and the old are biased
toward full bins, as reflected in the S; function, so the equilibrium condition (24) is replaced
by
p+ESAp+ (1= A)(2p —p)]
1+¢

This is the OLG extension of the model with visibility bias. The expression reduces to (24)

p= : (25)

when 7 = 1.

Proposition 9 In the OLG extension of the model with visibility bias, there is a stationary

equilibrium satisfying the following properties:

1. The equilibrium probability estimate of the young generation satisfies p > p, so the

young generation 0vVETCONSUMES.

2. The equilibrium probability estimate, p is increasing in the fraction of young agents,

A
3. When A =0,
14+ D)+ pB+2)(r 1) —VV
= T+ 60— 1) : where (26)
Vo= (1+&(r+1)+pB+28)(r— 1))
— Ap(1+ &) (T — 1)1+ 2p(T — 1) + 267). (27)

An implication of Proposition 9 is that we expect overconsumption to be more severe in
economies with rapid population growth or in which observation is more heavily tilted
toward the young.

Proposition 9 shows that the young unambiguously overconsume in equilibrium, even
when the young predominantly observe the old (A is close to zero). This may seem surprising
given the intuitions at the start of this subsection, which suggested that the outcome might
be ambiguous. The first intuition was that if the young are on average overconsuming,
then the old are on average underconsuming. This suggests that when observation is
tilted toward the old, there is an inference of low p (high disaster risk), which favors
underconsumption. So if there is heavy observation of the old, an equilibrium that proposes
heavy overconsumption by the young is not self-confirming.

However, no matter how heavy the tilt toward observing the old, this effect only limits
equilibrium overconsumption by the young—it cannot reverse it. If, out of equilibrium, the
amount of overconsumption by the young were arbitrarily small, then the average consump-
tion of the old would be almost as high as average consumption of the young. Visibility
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bias in observation of others—even of the old—would then result in a high inference about
the consumption of others, which non-negligibly favors overconsumption.

The alternative argument given at the start of this subsection for why there might
be underconsumption was that owing to visibility bias, observers think they see the old
consuming heavily. Such apparent high consumption by the old might be taken to mean
that the old, when young, had adverse information about the wealth shock. Why doesn’t
this lead young observers to conclude that they need to save heavily rather than consume
heavily?

The flaw in this argument is that observers believe that the old, when young, were
on average consuming optimally, i.e., consuming pWW/2, which implies that the average
consumption of the older generation when old is the same, pW/2. In other words, the
young think that the probability that any observed bin is full (regardless of whether it is
drawn from a young or old agent) is p. So a full bin is always indicative of a high probability
of non-disaster. So visibility bias in observations of others, old as well as young, encourages
high consumption.

This intuition makes clear why in equilibrium, overconsumption is greater when obser-
vation is more heavily tilted toward the young (A high). Relative to observation of the
young, observation of the old acts as a partial reality-check on belief bias. Observers mis-
takenly think that on average consumption is equally divided between an agent’s youth
and old age, but owing to overconsumption, in equilibrium, actual average consumption is
lower for old agents. So observations of the consumption bins of the young are more often
full than observations of the bins of the old. So higher A (sampling from the young) leads
to more favorable inferences about p, and therefore greater overconsumption.

Our findings suggest that salient public disclosure of the consumption of the old can
help address the problem of overconsumption. This intervention differs from that considered
earlier, as it involves disclosing the average consumption of a subset of the population, not
of the entire population. The effect of such disclosure is effectively to push the model in
the direction of low A (in which there is more observation of consumption of the old). As
we have shown, lower A\ decreases aggregate consumption. It is interesting that even when
disclosing aggregate consumption does not help, disclosing the consumption of the right
subset of the population does help—but does not fully remedy the problem. At best it only
reduces overconsumption to that of the A = 0 case.

5.2 Uncertainty about Wealth

So far, we have assumed that all agents have the same non-disaster wealth level . We
now generalize to allow for ex ante wealth dispersion in the population (even apart from ex
post disaster realizations), and ignorance of the wealths of others. Intuitively, the inference

an observer draws about others’ signals based upon observating others’ consumption is di-
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luted by ignorance of the wealth of the observation target. High apparent consumption of
a target could come either from the target possessing a favorable signal (indicating low risk
of disaster), or from having higher ex ante wealth. Observers will therefore not, on average,
revise their estimate of p upward as aggressively as they do when there is no information
asymmetry about wealth. Wealth dispersion therefore reduces equilibrium overconsump-
tion. This contrasts sharply with the Veblen wealth-signaling approach, in which it is
precisely the fact that there is uncertainty about wealth that causes overconsumption to
serve as a signal.

To allow for wealth dispersion, we now assume that a fraction A of the population has
non-disaster wealth level (1 + A)W (the wealthy group), where A > 0, a fraction A has
non-disaster wealth (1 — A)W (the poor group), and the remaining fraction 1 — 2\ has
non-disaster wealth W (the medium group). Henceforth we refer to “non-disaster wealth”
more briefly as “wealth.” The average wealth is then still W, but the higher A is, the
higher the economy’s wealth dispersion. We continue to assume that there is a probability
1 — p that any given individual (rich, poor, or medium) experiences a disaster (negative
value of €) that entirely wipes out an individual’s wealth at date 1.

To explore this setting, we now need to allow for the possibility that someone with
maximally optimistic beliefs, p = 1, still has some empty consumption bins. So far, we
have assumed that when the agent consumes half of potential wealth at date 0, co = W/2,
that all consumption bins are full. We now instead assume that in this circumstance, only
a fraction 0 < f < 1 of the bins are full. To prevent the wealthy group from consuming so
heavily that more than 100% of the consumption bins are full, we assume that (1+A)f < 1.

In addition, we impose the technical condition that

1

A< —.
I+5

(28)

For large 7, this implies A < 1. Since poor agents have wealth (1 — A)W, for large 7 this
imposes the very weak restriction that even poor agents do not have wealth very close to
ZEero.

Agents know the economy’s wealth distribution (A and A), and for simplicity we assume
that each agent’s consumption bin observations come from one or more agents of the same
wealth type. Based on these observations, an agent forms posterior beliefs about p, taking
into account that an observation of high consumption could reflect high wealth, not just
optimistic beliefs, on the part of the target of observation.

The following proposition confirms the intuition that wealth dispersion reduces over-

consumption:

Proposition 10 Under the above assumptions, the equilibrium probability estimate p is

decreasing in wealth dispersion, 0p/0A < 0, as is the overconsumption factor.
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Proposition 10 predicts that savings rates increase with wealth dispersion. This is the
opposite of what is expected based upon Veblen wealth-signaling considerations.
Specifically, in the Veblen approach to overconsumption, people consume more in order
to signal the level of wealth to others (Bagwell and Bernheim 1996; Corneo and Jeanne
1997), so there is no motive to overconsume when wealth dispersion is zero. A comparison of
the cases of zero versus positive wealth dispersion indicates an average tendency for greater
wealth dispersion to induce greater overconsumption, though not necessarily monotoni-
cally.?? This intuition is reflected, for example, in a comparative statics of Charles, Hurst,
and Roussanov (2009) in which a parameter shift that increases wealth dispersion by reduc-

33 Furthermore,

ing the lower support of wealth results in greater consumption signaling.
and also in contrast with our approach, in at least one version of the keeping-up-with-
the-Joneses approach, income dispersion encourages the non-wealthy to consume more in
emulation of the wealthy (Bertrand and Morse 2016).3

Using survey evidence from Chinese urban households, Jin, Li, and Wu (2011) find that
greater income inequality is associated with lower consumption and with greater investment
in education, where income inequality is measured within age groups by province. Similarly,
using high geographical resolution 2001-12 data, Coibion et al. (2014) provide strong
evidence that low-income households in high-inequality U.S. locations accumulated less debt
(relative to income) than their counterparts in lower-inequality locations. These findings
are consistent with Proposition 10, in contrast with the idea that greater information
asymmetry about wealth increases wealth-signaling via consumption, or with the intuitive
idea that low income individuals borrow and consume more in order to try to keep up with
high income households.

Several studies report that wealth dispersion has increased in the United States since
the 1980s (e.g. Card and DiNardo (2002), Piketty and Saez (2003), Lemieux (2006)). Given
an increase in wealth dispersion, all else equal, Proposition 10 counterfactually implies a
rising savings rate. However, the time series shift in information asymmetry about others’
wealth may have been downward rather than upward, potentially reversing the implica-
tion. Our result that wealth dispersion reduces overconsumption derives from asymmetric

information—the unobservability of others’ wealths—rather than dispersion per se. The

32Consistent with this idea, Charles, Hurst, and Roussanov (2009) find empirically that greater dispersion
of reference group income is associated with higher visible spending for minorities, consistent with our
theory. On the other hand, they report that higher dispersion in reference group income significantly
lowers White visible spending.

33 A key parameter in wealth signaling models is the lower support of wealth, which acts as a starting point
for the signaling schedule. For any class of bounded wealth distributions that are symmetric with given
mean, and such that higher dispersion is associated with more extreme wealth outcomes, it is equivalent
to express a result in terms of wealth dispersion or lower support.

34Concern for relative consumption, as in ‘keeping up with the Joneses’ preferences can also induce a
fear of falling behind which raises precautionary savings (Harbaugh 1996). Other than Bertrand and Morse
(2016), we are not aware of any results in the keeping-up-with-Joneses approach relating overconsumption
to wealth dispersion (holding constant the average level of wealth).
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rise of the internet has likely made observation of others’ wealths or incomes easier than in
the past in some countries through search of government or other archives. To the extent
that this is true, this effect reinforces the other time series shifts we’ve described, implying
a shift over time toward greater overconsumption.

Furthermore all else was not equal in this time series shift. From the standpoint of our
model, a more fundamental effect (which holds even in our base model) comes from the
dramatic transformation of electronic communications and social networks. As discussed
in Section 3.2, this has increased the visibility of the consumption activities of others (both
absolutely, and relative to non-consumption), which implies greater overconsumption in
our model. Also as discussed earlier, the trend toward rising population density, and asso-
ciated increase in social observation intensity, further reinforces the implication of stronger
overconsumption in the base model.

As discussed in the introduction, agents who disagree may overconsume owing to the
expectation of profiting by trading against others Heyerdahl-Larsen and Walden (2017). Al-
though our model allows for difference in beliefs, our overconsumption finding is not driven
by speculative trading. The speculative trading theory also shares with our model the
prediction that greater wealth dispersion reduces overconsumption. However, as discussed

in the introduction, the models are empirically distinguishable in various other ways.

5.3 The Equilibrium Interest Rate

In the base model, the riskfree rate is exogenously set to zero. This corresponds to having
storable consumption or, equivalently, to having riskfree bonds in perfectly elastic sup-
ply offered at a zero interest rate. We now modify the model to allow for endogenous
determination of the interest rate.

When the interest rate can vary, potentially a high interest rate could imply nega-
tive date 0 consumption. That does not correspond well with the idea that at worst all
consumption bins are empty. We therefore adjust the model to preclude this possibility.

As in the base model, agent utility is defined by (1), where we focus on the case o = 1/2.

Given a one-period interest rate of r, an agent’s budget constraint is now
a=04+r)(W—cy) —e, (29)

For tractability, in this section we assume a less severe possible wealth disaster than in
the base model to preclude negative date-0 consumption over a range of potential interest

rates. We therefore assume that

(30)

0 with probability p
€ =
=~ with probability 1 — p,
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and without loss of generality we focus on the case W = 1.
Solving for the optimum of an agent whose probability estimate for a high outcome is

p yields consumption
174212+ (1+7)p aef .
- 31
A+ 47 +2r? g+ fp, (31)

with ¢ and f defined in the obvious way. With average agent probability estimate of p,

aggregate per capita consumption is then
o =g+ [D. (32)

We assume that there is an equally large set of agents who are not subject to € risk, i.e.,
for whom ¢; = (147)(1—c¢p). Since these outsiders face no disaster risk, their consumption
does not depend on their inferences about p. We can think of them as outsiders such as
institutional investors or foreign lenders that supply capital to the individual investors that
our analysis focuses upon. Their role in the model is to increase trading opportunities in
our exchange economy, so that optimistic beliefs of the individual investors can increase
equilibrium per capita consumption, rather than just the interest rate.®

Institutional investors are willing to lend to (or borrow from) the agents that are the
main focus of our analysis. Since they have no disaster risk, the optimal time-0 consumption

of institutions, given 7, is
I 1 + 7"2
Cp= ———.
0 2427 492

We assume free disposal of the consumption good, so the equilibrium interest rate satisfies

(33)

r > —1. We focus on the region of interest rates in which the institutional investors’ lending
increases in the interest rate, and therefore require that r < 1/2.3
The aggregate endowed quantity of the time-0 consumption good per individual investor,
c° is fixed. Specifically, we assume that the total endowment is such that in an equilibrium
with unbiased beliefs (i.e., p = p), the market clears at interest rate r = 0. The market
clearing condition is
& =G + &, (34)

where the terms on the right are functions of r. By (32,33), and by our assumption that

35The consumption of outsiders are excluded from our measure of aggregate consumption; their sole role
is to supply capital as an increasing function of the interest rate. Including outsiders in the model is a
simplified way of reflecting the idea that in general when the current consumption good is scarce, more
can be generated via an aggregate production function for transformation between current and future
consumption.

36For r > 1/2, it is easy to verify that lending decreases in the interest rate. This comes from the
standard result in intertemporal choice that an increase in the interest rate has both a substitution effect
(which encourages lending) and a wealth effect (which can discourage lending). To illustrate basic insights
simply, we focus on the case in which the substitution effect, which is highly intuitive, dominates.
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when r = 0 a market with unbiased agents would clear, we have

1 1+p
& =-4—= 35
=gt (35)

so (34) becomes

1 1+
_J _

-4+ 36
G+t =5+— (36)

The left hand side is the population per capita endowed consumption.
Regardless of the level of visibility bias, market clearing implies that r adjust so that

aggregate demand is unchanged, i.e., is equal to the endowment, so in equilibrium

(8 =5r)r +p(2+ 2r +7’2).

201+ 1) (37)

P =
It is easy to verify that p is strictly increasing in r in the relevant region of r.

Along the lines of the arguments in the base model, given r and p, the fraction of bins
that are full is given by (32). Since agents suffer from visibility bias, the fraction of bins
observed to be full is S;(g + fp). By Bayes’ rule, the agents then arrive at the posterior
probability estimate

p= R(p,S:(g+ [Dp),&, f,9), (38)

given that the fraction of bins that agents observe are full is z, where the function R is
defined in equation (52) in the appendix (see the proof of Proposition 11). An equilibrium
is then an outcome in which markets clear, so that (32) holds, and agents’ posterior beliefs
are in line with their biased observations, p = R(p, S;-(g + fp),&, f, g). For tractability, we
focus on the case when £ = 1 (so that agents put comparable weight on prior information
and on social observations).

We show the existence of equilibrium with the following properties:

Proposition 11 Under the above assumptions, the equilibrium probability estimate, over-

consumption, and the interest rate, are all increasing in visibility bias, T.

6 Concluding Remarks

We examine how bias in social learning endogenously shapes how people trade off current
versus future consumption. In our model, people observe the consumption activities of
others and use this to update beliefs about whether there is a high or low need to save
for the future. Consumption is more salient than non-consumption, resulting in greater
observation and cognitive encoding of others’ consumption activities. This visibility bias
makes episodes of high consumption by others more salient and easier to retrieve from

memory than episodes of low consumption. So owing to neglect of selection bias (or a
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well-known manifestation of it, the availability heuristic), people infer that low saving is a
good idea. This effect is self-reinforcing at the social level, resulting in overconsumption
and high interest rates. With many opportunities to observe others, this feedback effect can
be intense. The effects in the model can also bring about biased assessments of the savings
rates of others, wherein people think that others are consuming even more heavily than
they really are. In consequence, a distinctive implication of our approach is that accurate
disclosure of the beliefs or average consumption of others can, in some cases, help remedy
overconsumption. Furthermore, accurate disclosures that increase the salience of saving
behavior can have an especially strong effect.

The visibility bias approach offers a simple explanation for one of the most impor-
tant puzzles in household finance: the dramatic drop in personal saving rates in the U.S.
and many other OECD countries over the last 30 years. In the model, greater observ-
ability of the consumption of others intensifies the effects of visibility bias, and therefore
increases overconsumption. We argue that over the last thirty years the decline in costs
of long-distance telephony, the rise of cell phones, cable television and urbanization, and
subsequently the rise of the internet, dramatically increased the extent to which people
observe possible personal consumption activities of others by television enactment, phone,
email, blogging, and social networking. Specifically, this communication is biased toward
making the decision to engage rather than not engage in such activities more salient to
others, because travel, dining out, or buying a car tend to be relatively noteworthy to
report upon.

In contrast with the present bias (hyperbolic discounting) theory of overconsumption,
the effects here are induced by social observation and interaction. Our approach can there-
fore be distinguished from present bias using proxies for sociability, individual network po-
sition, and network connectedness (such as urban versus rural). Our approach also differs
in offering predictions about how population-level characteristics such as wealth variance
and age distribution affect consumption.

Also, our visibility bias approach is not based on a link between an agent’s participation
in speculative markets and his overconsumption, in contrast to overconsumption associated
with heterogeneous beliefs as in Heyerdahl-Larsen and Walden (2017).

The effect of wealth dispersion in our model contrasts with the implications of the
Veblen and keeping-up-with-the-Joneses approaches. In at least some versions of the latter
approach, wealth dispersion encourages the poor to consume more in emulation of the
wealthy. The Veblen wealth-signaling approach broadly implies that a comparative statics
shift from certainty to information asymmetry about others’ wealths (i.e., a rise in wealth
dispersion) implies greater overconsumption. In our setting greater information asymmetry
dilutes the inference from high observed consumption that others have favorable information
about the risk of a wealth disaster. In consequence, equilibrium consumption is lower, the
opposite prediction. The visibility bias approach also helps explain high variation in savings
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rates across countries and ethnic groups, because even modest differences in beliefs can be
amplified through the social multiplier effect.

In contrast with the signaling, preference-based, and speculative disagreement ap-
proaches, our social learning bias approach implies that a relatively simple policy inter-
vention can potentially increase saving. The relevant intervention is to provide—in highly
salient form—accurate information about how much peers save, or their attitudes toward
consumption. Indeed, there is evidence discussed earlier supporting this implication in
specialized settings, such as the decisions of college students of how much to drink.

The model in this paper is static. An interesting extension would be to consider a dy-
namic setting in which agents consume over time and update in response to common shocks.
The feedback/multiplier effect from social learning may then potentially lead to substantial
cyclical shifts in overconsumption. Such fluctuations may help explain consumption booms
and business cycles. This might potentially provide an interesting contrast to Keynesian
ideas about business cycles deriving from resource underutilitization and underconsump-

tion.
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Appendices

A  Proofs

Proof of Proposition 1: Part 1 follows from noting that (11,12) implies that p = p if and
only if —4(1 — p)p(7 — 1)%£(1 + &) = 0, which holds if and only if 7 = 1. Now that % >0

can be seen by substituting z = noting that x is decreasing in 7, and taking the

1
—1
derivative w.r.t. z, leading to % = (x +p—E+2p6—/(p—x+ &)+ 4px(l + §)> r(x),
where 7(z) > 0. It then follows from the fact that (z +p — & +2p€)° — ((p — z + €)% +
dpr(1 +€)) = —4(1 — p)p€(1 + &) < 0, that 2 < 0, and thus 22 > 0. Part 2 and the
claim in 3 that p approaches 1 as £ becomes large follow immediately by taking the limit

of (11,12) as 7 and £ become large. To prove the other claims in Part 3, note that p can

be written as

m+ \/m2 + 4(k +m)p def Vim),
2(k+m)
where m = (p+¢)(7—1)—1 > —1,and k = (1—p)(7—1)+1 > 1. Since 22 > 0, it is therefore
sufficient to show that V’(m) > 0 when m > —1. By calculating V’ ( ), it follows that
—2mp—+k(m—2p++/m?2 + 4p(k +m)) > 0 is necessary and sufficient for V’(m) > 0 to hold.
For m = 0, the expression evaluates to V'(0) = k(—2p+2/kp) > 0. Moreover, the solution
to V'(m) = —2mp+k(m—2p++/m? + 4kp + 4mp) = 0 is my,_ = —k < —1. Thus, since V'
is a continuous function of m, V'(m) > 0 for all m > —1. We also verify that the equilibrium

p:

probability estimate and aggregate consumption are increasing in the true probability of
the high state, p, by calculating ap = 2(11+§) + Q\F (2 + 1Jrg((T —Dp+¢) - 1)), which is

0bv1ously positive for p € [0, 1], since 2+ m((T —-Dp+&—-1)>2+ m((T -1)¢—-1) =
2+ &

— 1 > 0 for such p. |

1+£

Proof of Proposition 3: Equilibrium with the public noisy signal is defined via the

relation:
v _ Pt £S:(p) + ap

I+&+a

. p=d¢p+(1—9)p",

which is equivalent to R
]jV _PD +&5;, (]3)

i f , E=1+ ao,
which we in turn rewrite as v
f=2 2
S-(p) —p"
It follows that .
s 1 1—(1-¢)S,(p)

N 1 B (N 1 B P (39)

since S;(p) > p¥ and S’ (p) < 1, and thus that




Since j—f; = —W < 0, the result follows. |

Proof of Proposition 4: Denote by p the equilibrium probability estimate in (13) and by p’
the equilibrium in (17). It follows from these equations that

P == g (5:0) = S,0) + L= = S.1= 7). (40)
Define the function
Ra) = —p - (1%5@@) =8 (p) + gl e = 51 - x>>) ST

and note that R(p’) = 0, and that R is a continuous function of z € [0,1]. From (14),
it follows that p > ILHST@), and therefore, since S;(0) = 0, S;(1) = 1, that R(0) < 0.

Moreover, since S;(y) > y, for y € (0,1), it follows that R(p) = 15(S-(1-p)—(1-p)) > 0.

Thus, by the intermediate value theorem, it follows that the point, p’ where R(p’) = 0,
satisfies 0 < p' < p.

Proof of Proposition 5: 1. Define the mapping F': RY — RY by

P+ €S (& S, wn)
- 1+ dné ’

(F(w))n n=1,...,N. (42)

An equilibrium is then a fixed point to this mapping, p = F(p). It is easy to see

that F' is nondecreasing in each of its arguments: w? > w!' — F(w?) > F(w!), that

diS dneS(p) ) def
F(p,p,...,p):(ptiélﬁ(p),...,ptfdiép» = 2> (p,p,...,p), and that F(1,1,...,1) =

!/
(ﬁji, ﬂjzg, . Il’ijxg) o y<(1,1,...,1). It follows that F' maps the convex compact

set § X [z,y]"V into itself. Since F is a continuous mapping, Brouwer’s theorem implies
that F has a fixed point, i.e., that there exists an equilibrium in S, and since S C [p, 1]V,
the existence result follows.

For 7 = 1, (19) reduces to the linear algebraic equation

ﬁ = ([ -+ fdzag(dl, e 7dN))71<p]- + 5Eﬁ),

or equivalently,

Here, the 1 is a vector of ones, 1 = (1,...,1) € RY. It is easy to verify that p = pl is
a solution. Since the matrix A & (I + &diag(dy,...,dy) — EF) is diagonally dominant
(Ann =2 sn [Amn] =1>0,n=1,...,N), it is invertible, so this solution is unique when

7 =1. When 7 > 1, it also immediately follows that pl is not a solution, since z > pl in
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this case, and the solution must lie in S =
2. The case 7 = 1 is already covered in part 1 of the proof, so w.l.o.g.
7 > 1. Consider the function G : (0,1)V

G(x)
R,
In

I

The gradient of G is VG(z) € RY = a + Ex — g, where a =

= ZmEDn T and g = (gla cee
Defining the bijection p <+ x , via p, o fn

(Ez),

dnRn

[z, y)V.
assume that
— R, defined by

n,m=1
_ dn$T
I+ dT -1 (44)
dn

= +m; fns (4)

_ D dnéT

T Trde (1+dné)(T— 1) o
— dnRy

(@17"'7(1N)/, Qp Tn
A stationary point of G satisfies VG (z) =

L 9n)'-
— x,, it follows that at such a stationary point

Fo—pn  In T ZmeDn Jm + ZmeDn Pm = % + ZmeDn Pm, or equivalently
d. R,
Dn = fn - —
dTnl + ZmE'Dn Dm
__pr dn&T Ry
L+d  (I+df)(r 1) 5+ 3,00, P
_ o p . dat 1 !
— — 1 - _
T T dS \T= 5 (1= 1) (= 1) (A + & Soep, )
_ Pk (=1 (i + & Toep, ) - 1
LHdL L \ (1= 1) (r 1) (245 + & e, )
o p At 4y 2mep, Pm
1+d,§  1+d,§ (1_%)i2meDnﬁm+%
= (F(p))n-

Thus, every equilibrium point, p, is equivalent to a stationary point of G, x, under the

mapping p <+ z, with

P dnéT _

Ty =

1+dn£Jr

A+d&)(r—1 ™
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It also follows that the set S under the p <+ x mapping corresponds to the set

w [ € (7 gl Bt (T i
el = l0’1+d1€(7—1_(7—1)p+1)]X[O’lﬂLde(T_l_(T_l)erl)]
dyé& T 'y
X"'X{0’1+dN§(T—1_(T—1)p+1)]

Thus, if there is a unique stationary point of G in U, then the corresponding equilibrium

vector p is unique in [p, 1]V,
It is easy to check that the Hessian of G, Hg(z) € RV*YN | has elements

_dn§n7 n=m,
n .

dné& T T
It follows that for z,, € [O <— - (7_1%)}7

P 14dp€ \ 71
d,R,
[HG(x)]nn S - 2
dn& T P
<1+dn5 (T—l (T—l)p—l—l))
d dn €T

" (1+dng)(r—1)?

(5% (=) f)pﬂ))

(o
o () (D)

Since Y E,n, = d, for all n, it follows that if

(1 E?g) (%) (r=1p+1)°>1, (47)

then Hg is diagonally dominant with negative diagonal elements, in the whole of U and

thus the Hessian is negative definite in this region. Standard theory of optimization then
in turn implies that a stationary point of G is unique in U, and thus that p is unique in S,
and therefore also in [p, 1]V. The condition (47) is obviously equivalent to (20).

3. The result follows immediately from the fact that when 7 — oo, both z, and y,, as

defined in part 1 of the proposition, converge to ’figf for all n. 1

Proof of Proposition 6: Conjecture an equilibrium in which p; = ps = -+ = py = w,
Since i > mep, Pm = w for all n, (19) reduces to the condition p, = % which has
solution p,, = B(7,p,d¢), n=1,...,N. |

Proof of Proposition 7. As evident from Proposition 5, equilibrium consumption satisfies
p" > p, p© > p. Assume that p© > p©. It follows that ¢ = dcdfdp ¢ + dcdfdp pt satisfies
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p¢ < ¢ < pP, and consequently that S, (¢) > S,(p¢). Consequently (since d° + d¥ > 1),

p+(d°+d")Es, (Q) _ p+ES (1)
1+ (d9 4 dP)¢ 1+¢ 7

and thus p¢ > p”, leading to a contradiction. It follows that p¢ > p*.
For the second part of the theorem, note that it follows from (21, 22) that in equilibrium
F(p®,d%) = 0, where

C P S’T =C'
F(p,d%) = p+(d°+d")Es; (dci dpﬁ%dcidp (“fﬁ@ )>> =71+ (d” +d")e)

= p+deS, (¢) = (1 +ds),
where d = d° + d*. Now,

oF . d“ a” &
ap? - dfs‘r(c> (dc+dp +dc—|—dpl—|—£ST (pC)> _<1+d€>
< dgE—(1+dg)

< 0,

where the inequality follows from the fact that p¢ > 1, ( > %, and S.(z) <1 when z > 1.

Moreover,

oF L dC
o = €5, (Q)+dESHO) 7 —

> 0

po¢

which follows from the fact that S;(¢) > p% (which in turn follows from (21)), and that
oOF

o 1
9dC — &

(p¢ — pP) > 0. Therefore, by the inverse function theorem, % = —2° > 0.
2dC

Finally, from (22) it follows that p is strictly increasing in p“. Both p“ and p” are
therefore increasing in d°, as is then aggregate consumption. |

Proof of Proposition 8 For a symmetric network, equation (23) reduces to

p+d&S: (p) + dap

1+ dé + da (48)

ﬁ:

since p, = p and d,, = d for all agents. It follows immediately that any solution to (48)

equivalently satisfies

_ p+dES-(p

p=LEES D) (19)
1+ d¢

i.e., is also an equilibrium in the economy without public signal. |
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Proof of Proposition 9: 1t is easy to verify that the solution to the equilibrium condition
(25) is

SO 1><i g (L3 e e et 3= (50)
AT 4 E7 4 2pET — 2\pET — \/V)
where
Vo= 42\ — Dp(1l+6)(r — 1)( C14200— Dp(r — 1)+ 200 — 1)57) +

+ (1 (=3 =2+ 22+ E) (- 1) +E(1+T— 2AT))2.

It is also easy to verify that the solution reduces to (26,27) when A = 0, and to (11,12)
when A = 1. Moreover, it is easy to verify that p*=° > p, and that for any \ € [0, 1],
P =p = p € {0,1}. It also follows immediately that p is a continuous function of A,
except possibly at A = 1/2.
We next define x = 2A — 1 € [—1, 1], and rewrite (50) as
p = a—i—b(\/w_l), where
2O ie
20+8(r—-1)
b = 1+p(r—1)
oo Klpr 1P+ p(r =17+ 7)
1+HA+p(r—1)*
Ep(l—7)+7)?
(14821 +p(r —1))*

A Taylor expansion of /1 + cz + dx?—1 around z = 0i.e., A = 1/2, yields V1 + cz + dz?—

1 = ez + O(«?), and thus p is a continuous function of A at A = 1/2 too. Thus, since

p*=1 > p, p* depends continuously on A, and p* # p for A € [0, 1], it follows that p* > p
for all A € [0,1]. We have shown p > p, i.e., (1), and (3).
To show (2), we note that

dp b V1—cr+dr?+ 5r—1
- = X ,
de  4(r—1) V1 — cx + dz?
so V1 — cx + dz? > 1 — Sz is necessary and sufficient for % > (. This implies the following

sufficient condition:

2

2
1 —cx+da* > (1—§$> :1—cx+czx2,
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or equivalently,
4d® — & > 0.

It is easy to verify that

16(1 — p)p&(t — 1)°7
(1+&)2(1+p(r—1))?

so the condition is indeed satisfied. |

Ad? — &2 =

> 0,

Proof of Proposition 10
We first state and prove the following lemma, which characterizes the equilibrium prob-

ability estimate:

Lemma A.1 The equilibrium probability estimate is the solution to the equation

P = qR(p S:(fp(1=A)),¢ f(1+4))
+ (L=29)R(p, 5:(fP). & f(L+A))
+ qR(p, S:(fp(1+A)),&, f(1+A)), (51)

where the function R is defined by

R(p.2,6.f) = (1+fp+ fe+26 = VI+ fp+ FE+ 207 —4f T+ Op +20) ).

1
FA+¢)
The lemma states that an agent who observes higher-than-expected consumption up-
dates beliefs as if the agent were observing only wealthy agents (who consume the fraction
pf(1 + A) of bins rather than the average, pf). The reason why the agent so strongly
concludes that the wealthy were observed is that the number of observations () and M are
large. The observer finds the strength of the evidence of high consumption very surprising;
the likelihood is low under the hypothesis that observations are of either high or low wealth
agents. But the likelihood is especially low when the observation targets have low wealth,

so the posterior belief puts all the weight on observing wealthy agents.
Proof of Lemma A.1: For «, B3, f1, f2 € (0,1], £ > 0, define

lim J(aaﬂvgvbeaO)
Q—o0 J(aa/87£7f27Q70)’

where J was previously defined. It follows from standard properties of Beta distributions,
that

L(aaﬂafvflafZ) =

o |h-Zl<lf-2l
L(aﬂﬁ7§7f17f2) - (52)
0, =5 > [ -2

An agent with prior p, who observes a fraction § of bins with consumption, believing

that the observations provide an unbiased estimate of the consumption of others, and who
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believes that the distribution of wealth groups (poor, medium, rich) among the population
is (q¢,1 — 2q, q¢) who consume the fraction (f(1 — A), f, f(1 + A)) of the bins, respectively,
will update—using Bayes rule—to the posterior:

5~ WA 61N+ (-2 EfQ1) +a (0860 8)101)
2I(@ 5.6 (LT AV, Q.0) + (1= 20)7(0 5. €, £.Q.0) + a0 5. (1+ AV, Q.0)
_ J@BE0=NLQY  J@BELQY) @861+ A)fQ,1)
T, 8,6, (1= A £,0,07 T (0, 8.6, £,0,0)% 7 (o, B¢, 1+ M) f,Q, 0%

" ¢J(0, 5, (1- A)£,Q,0)

0J(0, 5.6, (1= A)[.Q.0) + (1 —20)J(a. 5.£. [.Q.0) + ¢J (e, B.€ (1 + A)[.Q.0)’
b (1 - 2)J (0, 5,6, £,Q.0)

0J(a, 5,6 (1= A)1.Q,0) + (1 — 20)J (0, 5,€, 1, Q.0)
" - 0J(0, 5, (1+1)£,Q,0)

T P E TN 00 7 (- 201005 1.0.0 T 7@ 0T D00

It follows from (52) and assumption (28), that as @ — oo, g1,92 — 0 and g3 — 1. In words,

+qJ(a7/8757<1+A)f7Q’0)’

the observing agent puts all the weight on having observed a wealthy agent’s consumption,
regardless of which agent he actually observes. Moreover, from (60) and it follows that an
agent observing poor, average, and wealthy agents consuming based on posterior beliefs p
will have posterior belief

p=R(a,8,¢,(1+A)f),

where 3 equals S;((1 — A)fp), S-(fp), and S;((1 + A)fp) with probabilities ¢, 1 — 2¢,
and ¢, respectively. The fixed point problem that matches aggregate posterior beliefs with
agents’ updating is therefore (51).

Existence of a solution to (51) follows from the easily verifiable fact that R(p, S;(g x
0),&, f) > 0and R(p, S-(gx1),&, f) < 1, regardless of g, p, f € (0,1), and £ > 0. Therefore,
the r.h.s of (51), which is a continuous function, is strictly greater than p when p close to
zero, and strictly less than p when p is close to one. Existence therefore follows from the

intermediate value theorem. This completes the proof of Lemma A.1. 1

It is straightforward to verify that the function R Satlsﬁes & - 0, since

OR _ £(1+0)
0z 2f(1+¢€)
where
o (124 7@ pto) .

(e + &P+ (L4 B2+ 2f(€ — BER+E) +a(-1+ (8 - 2)¢))

21— f)(1—p)¢?

. . o e e . . M _
implying positivity of the derivative. It also follows that &5 (T TP TE o0 A F (Lt D (12D
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0, so R is concave in z.

_k1_
Ko f2)

where the function ko > 0, and Ky = 0 < f =0 on f € [0, 1], for the smooth function

Moreover, one can show that g—? < 0. Specifically, it is easy to verify that g—? =

k1. Thus,R is a monotone function for positive 0 < f < 1. A Taylor expansion of k1 in f
around f = 0 implies that x; is of the form R'(f) = —c;f? + O(f?), where the constant
c1 > 0, altogether implying that g—? < 0 for small positive f, and thereby for all 0 < f <1
(since R is monotone).

Now, we use these properties of R to show that the total derivative of the r.h.s. of (51)
w.r.t. A is negative. Specifically, using the notation R; for the partial derivative of the
function R w.r.t. its ¢th argument, from the calculus of total derivatives it follows that this
r.h.s. derivative is of the form

apf (=Sp(fp(1 = D) Ra() + S(fP(L + D)) Ra()) + flaRa(-) + (1 = 2q) Ra() + qRa()).

Since R4(-) < 0, the second part of this expression is negative. Moreover, S, is concave
and R is concave in its second argument, so the first part of the expression is also negative.
Thus, the r.h.s. of (51) is decreasing in A.

Because R is increasing and concave in its second argument, it follows that the r.h.s.
of (51) is concave and increasing in p, and since R(p,0,&, f) > 0, it follows that at the
equilibrium point 0 < %—I; < 1. Altogether, the inverse function theorem then implies that
g—g < 0 for the fixed point p defined by (51). |

Proof of Proposition 11: The proof of the Bayesian updating follows similar lines as in
Proposition C.2. Define

1
J@J&&fﬂ#&@ziét“*“ﬂl—ﬂ”ﬂ“*wg+fﬂﬁwl—g—f®“ﬁmwt (53)

Standard properties of Beta distributions, implies that an agent’s posterior estimate is

A def . J(a7ﬁ7§7f7g7Q71)
p—R<OZ,B,£,f,g) - Qh—rgo J(Oé,ﬁ,ﬁ,f,g,Q,O)’

Moreover, taking the derivative of the term inside the integral of (53) with respect to t,

(54)

and using the factor that for large @), J converges to a scaled Dirac distribution, it follows

that p satisfies:

s loe, (S 0omey
s ) = (55)

for large (). Substituting in the equilibrium condition p = p, p as a function of r defined
in (36), setting a = p, f = S-(9+ fp), £ =1, f and g as defined in (31), and solving for 7
in (55) leads to the functional relation:
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T(p,7) = <2p + 2p® — 32r + 20pr + 4p?r + 3612 + 3pr® + (56)
+ 5p*r® — 501 — Bpr® + 3p*r® + 250" — 10pr* + p27’4)
/ ( — 2p + 2p* + 20pr + 4p°r + 487 + Tpr? +
+  5p*r? — 54r® — pr® 4+ 3p*r® + 15r* — 8prt + p27"4>.

This relation thus represents the level of visibility bias that is consistent with equilibrium,
given p and r.

It is easy to verify that 7(p,0) = 1, and thus that the unbiased equilibrium with r = 0
is obtained in this case. Moreover, one verifies that 7 is strictly increasing in r in a
neighborhood of 0, regardless of p, and that 7 approaches infinity for some r < 1/2, so
equilibrium is defined for all parameter values p and 7, and r increases in 7, as does then p.
Finally, since ¢} is decreasing in r, see (33), and ¢y = ¢® — &, it follows that & is increasing

in 7, and then also in 7, since r is increasing in 7.

B Other Utility Functions

The combination in the base model of the utility specification in (1), which leads to a linear
consumption function in wealth (4), and the assumption that when % is consumed at time
0 all bins contain consumption, makes the relationship between p and E[z] in (9) especially
tractable, which allows for a strong characterization of equilibrium.

We now verify that qualitatively similar results as in Proposition 1 also hold under more
common utility specifications. For example, consider the case in which agents have power

1— 1—~

utility, U = 61077 + ij, with risk aversion coefficient v > 1 (where in the case v = 1, log-

utility is used). The consumption shock, € is assumed to take on value % with probability

1 — p (to avoid negatively infinite utility), and 0 with probability p. As before, the agent’s
estimated probability for a high outcome is p

The agent’s first order condition is in this case is

_ R - (W -
¢ =pW —cy) "+ (1—p) (7—00) ,

leading to the mapping co = G (ﬁ)% In the base model case with quadratic utility, G(p) =
p. In the case of power utility, G is a nonlinear function for which a closed form solution
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is not available, bare a few special values of +.3" However, the following behavior of G is

easy to show:

Lemma B.2 The function G satisfies G(0) = 3, G(1) = 1, and is strictly increasing and
convex. Its inverse s

Proof: The form of G~! follows immediately from the f.o.c. Differentiation of G™1
implies that G~! is strictly increasing and concave on ¢ € (1/2,1). Moreover, G71(1/2) = 0,
and G71(1) = 1. Tt follows that G(0) = 1/2, G(1) = 1, and from the inverse function

theorem that G is invertible on p € (0,1), being increasing and convex. 1

If an agent observes a fraction x of consumption bins, his posterior expected value of p
is
p+EG ()

1+¢

Owing to visibility bias, if other agents’ consumptions are based on the posterior expected

p=

probability p, then z = S, (G(p)). Finally, in equilibrium, p = p, leading to the following
fixed point equilibrium condition:

p+EGH(S(G(p)))
1+¢ '

p= (57)
The following proposition shows the existence of an equilibrium with over consumption
in this setting:

Proposition B.1 For 7 > 1, there exists an equilibrium probability estimate, p > p, with
associated consumption G(p)% > G(p)%-.

Proof: Note that y = G(p) € (%, 1) satisfies

- = L)

(58)

To show the existence of a y € (G(p), 1) solving (58), we note that

p+€G‘%GOﬂ)<zr+€G‘¥SJG@ﬂD
1+¢ 1+¢ ’

p=G1G(p) <

and that
p+EGTH(S(G() _p+¢
1+¢ 1+¢

1=GYG(() >

3TFor the special case when v = 1, the closed form solution is G(p) = g (5 —p—4/9—10p —|—]32>.
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By the intermediate value theorem, there is therefore a y € (G(p), 1) that solves (58), with
associated equilibrium probability estimate p = G~1(y) > GG (p)) = p. |

C The model with different fraction of consumption
bins

The assumption that an agent consumes in all bins when ¢y = W/2 makes the analysis
tractable, since the calculus of Bayesian updates with Beta distributed priors and obser-
vations is straightforward. A generalization is to assume that when ¢q = W/2, a fraction
0 < f <1 of the bins are full. This allows us to analyze situations where there is hetero-
geneity in consumption behavior, for example, because of wealth dispersion. Specifically,
if a rich agent with probability estimate p = 1 consumes in 100% of the consumption bins,
then a poor agent with the same probability estimate will consume strictly less. The base
model assumes f = 1, leading to the posterior estimate (8).

The following proposition covers the case when f < 1:

Proposition C.2 The posterior expected probability of high consumption of an agent with
prior p, who observes fraction z of bins being full, where each bin s full with probability

pf, s
= R(p,z& ) (59)

1
- 5aTD <1+fp+f§+z5

— VO F o+ JE+ 7 —Af(+ O+ 26) ).

3

Proof: Define

1
J(a,ﬁ,f, f,Q,x) = / taQ—1+z(1 _ t)(l—a)Q—l(ft)BEQ(l _ ft)(l—ﬁ)det'
0
Using standard properties of Beta distributions, it follows that

o J(0BE£,Q.1)
R(a’ﬁ’f’f) _ngrolo J(a,ﬂ,i}f?Q’O)’

and that an agent who updates according to Bayes rule will arrive at the posterior estimate

(60)

p= R(p, z,& f) when @Q is very large. |

p+&z
1+¢ -

Also, when z = fp, the formula reduces to p = p, since the fraction of full bin observations

It is easy to verify that when f = 1, (59) reduces to the base model formula, p =

is consistent with the prior in this case. Moreover, R is increasing in p and z, and is

decreasing in f, since the lower f is, the lower the expected value of z is for a given prior
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p, which makes any given number z of observed full bins a more favorable indication about
p.

Using similar arguments as before, an equilibrium probability estimate when visibility
bias is present is then defined as a solution to the fixed point equation:

p=R(p,S-(0f).& f)- (61)

We now have

Proposition C.3 There exists a unique equilibrium. In equilibrium there is overconsump-
tion, and the equilibrium probability estimate is

p = B+ f(r—=1),p8), (62)
where the function B is defined in (11,12).

Proof: Substituting in the definition of R into the fixed point problem (61) yields a cubic
equation in p, two roots of which are outside of the unit interval (0, 1). The remaining root
has the prescribed form. |

The comparative statics from the base model therefore also hold in this variation. More-
over, increasing f has the same effect as increasing 7. Both lead to more overconsumption

in equilibrium.

Corollary C.1 The equilibrium probability estimate, p is increasing in the consumption
fraction, Op/Of > 0, as is the overconsumption factor, p/p.
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