How Do Shoppers Respond to Noisy Signals
on Price Changes? Evidence from a Field

Experiment in Online Supermarket Shopping*

Kfir Eliaz! Orli Oren-Kolbinger! and Sarit Weisburd?
February 22, 2023

Abstract

What is the effect on the demand for both discounted and non-discounted
products, when promotional material informs shoppers that some product cat-
egories feature discounts? We address this question by conducting a field ex-
periment on a website for online grocery shopping. We find that shoppers who
had purchased in a certain food category prior to the experiment responded to
noisy promotional information by purchasing items in the discounted category
that they had already purchased in the past, regardless of whether the item
purchased was currently discounted. Our results suggest that coarse informa-
tion on discounts increases both consumer spending and seller revenue.
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I Introduction

A consumer in the modern marketplace is often faced with the problem of repeatedly
choosing the best bundle of goods or services in an environment where prices are
constantly changing. This is particularly true for grocery shopping, where consumers
repeatedly purchase bundles containing many diverse products including food items,
household goods, and health and beauty products. Even if the consumer found and
purchased the cheapest brand in a particular category during her previous shopping
trip, this brand may no longer be the cheapest brand in the category during the
current shopping trip.

How do shoppers then cope with frequent price changes across many relevant
product categories? One possibility is that on each new shopping trip, they com-
pare prices of all brands in each and every product category. Another possibility is
that they learn about categories with discounts through promotional announcements.
While this can potentially save them time and effort by alerting them to categories
with price decreases, shoppers may still be facing additional uncertainty regarding
price changes. First, promotional announcements typically do not inform shoppers
that some items they bought on their previous shopping trip are no longer on sale,
and consequently may now be more expensive than alternative substitutes. Second,
promotional announcements often provide only coarse information on discounts - for
instance, “Up to 30% off on select vitamins” or “40% off on vegan snacks” — in that
they do not specify the exact items that are on sale or the precise discount on each
item. Thus, shoppers who are faced with such promotional announcements need to
exert effort and search for the specific items that are discounted in order to enjoy
the savings that they offer.

The above discussion raises the following natural question: when shoppers are



informed that some product categories feature discounts, what is the effect on the
demand of both discounted and non-discounted products? Addressing this question
empirically is challenging as it requires the analyst to know exactly what promotional
announcements shoppers were exposed to during their entire shopping trip, to control
for the variability in the precision and framing of the promotional announcements,
and to control for the possible endogeneity of fluctuations in prices. Since this is
difficult to accomplish with purely observational data, we partnered with a platform
for online grocery shopping that conducted a series of randomized controlled trials
over a three-month period.

In our field experiment, a subset of shoppers on the site were randomly assigned
to either a treatment or a control group. Both groups received a weekly email
offering an immediate rebate (given at checkout) for buying at least one unit from
a certain category (e.g., bread), which changed each week. However, the email to
the treatment group included additional information: it announced that some food
items were on sale that week and listed the food categories with the biggest discounts
in percentages. The website displayed only the final prices (i.e., after applying the
discounts) without prominently announcing the discounts (hence, all shoppers faced
the same final prices). The only difference is that treatment shoppers were given
some information about the discounts, while control shoppers could learn about the
discounts only by comparing prices on the website (prior to the experiment, prices
were fixed and there were no sales offered on the website).

The discounted items were not chosen at random but were selected such that
each had an obvious, (weakly) more expensive substitute of equal or lower perceived
quality (e.g., organic fruits were priced the same or lower than their non-organic
counterparts), and each month there was a new set of discounted items. In addition to

varying the set of discounted items during the course of the experiment, we also varied



the precision and framing of the information provided to the treatment shoppers. In
the first five weeks of the experiment, the promotion listed only the four categories
with the biggest percentage of discounts, while in weeks 6 — 13 the treatment shoppers
were also alerted to the fact that organic items were on sale. In addition, during these
later weeks of the experiment, each treatment shopper who previously bought a non-
discounted item received a personalized message notifying her that she might want to
consider some cheaper alternatives that were on sale that month. Figure 1 displays
the outline of the experiment.

Place Figure 1 about here.

Our main finding is that shoppers who received information on discounts (treat-
ment shoppers) increased consumption of the discounted target product without de-
creasing their demand for the substitute products in that category, while shoppers
who did not receive information on discounts (control shoppers) purchased less of
the substitute product when the target product in that category was on sale. While
demand for the discounted products in a category doubled among both treatment
and control shoppers during the intervention, the demand for non-discounted prod-
ucts within that same category increased by 44 percent for treatment shoppers, which
translates to increased profits for the retailer. This response is observed for substitute
items that have lower perceived quality and weakly higher prices (e.g., non-organicly
grown produce that is more expensive than its organic counterpart). In addition,
more precise information on sales, together with a personalized nudge, seems to re-
duce the purchasing rate of the non-discounted substitute. This suggests that the

effect on non-discounted items is driven by mistakes rather than preferences.

Related literature. It is instructive to compare our findings with related results in

the literature. One of our main observations is consumer inertia that manifests itself



in the form of shoppers with a history of purchasing a specific item within a category,
who continue to buy that item, even when they could have purchased a (weakly)
higher-quality alternative at a (weakly) lower price. Similar inertia is described by
Clerides and Courty [2017], who use scanner data from a supermarket chain to show
that during periods in which the price of a discounted box of detergent was lower
than the corresponding price of a larger ("economy-size") box (of the same product),
consumers still bought the larger, and more expensive box. This could be partly
explained by the fact that shoppers are used to seeing lower prices on economy-size
packages and, hence, do not check the price per unit when making their purchasing
decisions. Our experiment (which focuses on product categories where the weakly
more expensive/higher-quality product’s price is exogenously reduced) provides an
opportunity to examine whether this “product inertia” can be convincingly explained
by consumer preferences.

Our finding that information on product categories with discounts affects the
demand for non-discounted items in those categories is related to several recent
studies that document indirect effects of promotional announcements. Using field
experiments on online retail websites, Fong et al. [2016] and Fong [2017] show that
targeted promotions that are based on individual purchase histories can have negative
spillover effects: they reduce search on the seller’s website for other non-promoted
items and consequently lower sales of such items. Janakiraman et al. [2006] provide
evidence from lab experiments that when consumers shop for a bundle of goods (as in
a supermarket or pharmacy), encountering unexpected price changes in one product
has an effect in the opposite direction on their purchases of other products: when the
price increases (decreases), they reduce (increase) their purchases of other products.
Anderson and Simester [2013] demonstrate that sending customers of some retailer

advertisements of the retailer’s competitor actually leads to an increase in the sales



of the retailer who does not engage in advertising.

Other studies have shown that promoting a particular brand (either by adver-
tising or by offering coupons) can increase the sales of other non-promoted brands.
Sahni [2016] shows that advertising a particular restaurant on a restaurant-search
website leads to an increase in page visits and sales of competing restaurants that
offer the same cuisine. A similar effect was reported by Sahni et al. [2017], who show
that when a website selling tickets to sporting events offers discounted tickets to some
events, its revenues increase, but only a small proportion of this rise is due to the
sale of the discounted tickets. The authors interpret this finding as suggesting that
promotional emails divert attention to the promoting firm (i.e., the website) and this
may increase the traffic to it. Gopalakrishnan and Park [2021] also conduct a field
experiment on an online retailing platform to study the effect of coupons on purchas-
ing behavior. They find that coupons are effective in increasing revenue, primarily
by attracting customers who then purchase products unrelated to the coupons. In all
these studies shoppers are made aware of a discount on one particular product, but
choose to purchase an alternative product. The interpretation is that promotional
information brings attention to a category, and then the shopper makes a choice
based on her preferences.

In our experiment, coarse information on discounts in a particular food cate-
gory may divert attention to that category (e.g., remind shoppers that they need
to buy items in that category). The reason that this leads to more purchases of
non-discounted items may be partly due to the fact that these are products shoppers
were more likely to purchase in the past. However, in contrast to the aforementioned
studies, it is not clear that this increase in purchases can be attributed to a pure
preference for the non-discounted items over the discounted ones, for the following

reasons. First, in our intervention we lower the price of the weakly higher-quality



product in a category, while keeping the price of the substitute product constant.
We find that the promotion increases the purchase rate of weakly more expensive
and lower-quality substitutes for the discounted products. Second, we show that the
spillover effect on the non-discounted items diminishes when the promotional an-
nouncements become more precise (i.e., they specify the discounted items and not
just the discounted category), and when shoppers are alerted to the fact that dis-
counts have expired on items that they bought on their previous shopping trip.
These findings suggest that the mechanism driving the increase in sales of the non-
discounted substitutes may be more complex than the combination of saliency and

brand loyalty documented in previous research.

Outline of paper. The remainder of the paper is organized as follows: Section II
explains the design of the randomized control trials; Section III provides summary
statistics on the sample; and Section IV discusses the results. Section V discusses
the responses to a post-experiment survey regarding consumer preferences. Section

VI concludes.

II Experimental design

In this section we outline the different design components of our intervention. The
intervention took place over three months and consisted of both exogenously deter-
mined price changes on specific products and weekly emails that were sent out to
shoppers in both treatment and control groups. The following are the main compo-
nents of the intervention.

The platform. We partnered with a website (whose name is not disclosed for
confidentiality) that offers a purchase and next-day delivery service from a large

American supermarket in a university city. The website includes roughly 3,000 items



that are sold in the supermarket. These items are divided into several product
categories to help shoppers perform an intuitive search (e.g., produce, dairy, etc.).
Shoppers need to add the items that they want to purchase to their basket, and at
checkout they pay for the products, plus a flat delivery fee of $2.99 for each order.
During the period of the experiment there was no option to re-order previous baskets
or to add items from previous orders. Additionally, all prices were fixed and there
were no promotional sales. Shoppers were required to choose a delivery date and
a two-hour delivery window. The cutoff time for next-day delivery was midnight
every day. The shoppers were mainly students (80 percent) with some professors (10
percent). Only 10 percent of the shoppers were unaffiliated with the university.!

The website was interested in both encouraging its registered customers to in-
crease the frequency and volume of their purchases, and learning how different pro-
motional tactics affect shopping behavior. To achieve this goal, they planned to con-
duct a series of randomized controlled trials. They agreed to allow us to influence
the design of these trials in a way that would also enable us to address our questions.
Hence, the experimental design was somewhat constrained by the objectives of the
website.

Temporary discounts. The experiment was conducted over a period of thirteen
weeks during which the website offered temporary discounts so that the prices of
some select items fluctuated, dropping during the sale and rising to pre-sale levels
when the sale expired. Discounted items were marked on the website with two
asterisks (**), and a footnote at the bottom of the screen explained that the marked
item was on sale and specified the original, higher price. We used this method of
marking discounts for the following reasons. First, we did not want discounts to be
too salient because we wanted there to be an advantage to receiving an email that

provided information on which items were discounted. Second, we wanted to allow



any shopper who accessed the website to find out about the temporary sale if she
exerted some effort in noticing fine details.?

The experiment focused on items in twenty-eight product categories that were
popular with shoppers in the pre-experiment period (see Table I).> Each of these
product categories (e.g., milk, tomatoes, water, etc.) included at least two items that
could be considered close substitutes. Each month a different set of categories were
discounted so that a discount on an item would be valid for one month. The items
whose prices were manipulated during the experiment are defined as target items,
and their alternatives are defined as substitute items.

Place Table I about here.

The levels of discounts were varied during the experiment, so that shoppers would
face uncertainty regarding the benefit of exerting effort to search for the lowest price.
The average discount on an item was 20 percent, but could be as low as 5 percent
or as high as 75 percent. The discounts were set so that the discounted target item
would be priced either the same or lower than the substitute item.

The discounted target items fell into four general categories: (i) organic versus
non-organic items, (ii) same items that are offered in different sizes (e.g., jumbo
avocado versus regular avocado) or bulk quantities (e.g., apples that are offered in-
dividually versus apples that come in 3-1b bags, or milk that is offered in 0.5-gal
versus 1-gal containers), (iii) brand names versus generic store brands (e.g., Aunt
Millie’s breads versus generic supermarket whole wheat bread), and (iv) two com-
peting brands of the same product (e.g., Dasani versus Ice Mountain mineral water
in bottles of the same size). See Tables II and III for a full list of the relevant target
and substitute items as well as the discounts given during the experiment period.

Place Table II and Table III about here.

There are two motivating factors behind the choice of target items. First, we



tried to select target items that had “near perfect” substitutes and low levels of brand
loyalty. Recent evidence suggests that consumers display relatively low brand loyalty
to supermarket items compared to clothing and appliances (Nielsen [2013]), and their
choice of food brands is most affected by price considerations (Byron [2008]). Within
the food and beverage category, consumers tend to exhibit more brand loyalty to
breakfast cereals, carbonated drinks, and snacks (Chidmi and Lopez [2007]; Nielsen
[2013]). None of these items with high levels of brand loyalty were included as target
items in the experiment; therefore we assume that price sensitivity is stronger than
brand loyalty in deciding between a target item and its substitute.*

The second motivating factor is the public perception of organic items. Studies
have indicated that consumers generally express positive attitudes toward organic
foods, perceiving them as tastier and friendlier to the environment (Roddy et al.
[1996]; Magnusson et al. [2001]; Perkovic and Orquin [2017]). While there may be
disagreement among researchers about whether this perception is backed by scien-
tific evidence (see Baransky et al. [2014] for a meta-analysis that organic food is
healthier), what is important for this study is public perception.’

An important feature of the discounted items was the variation in their display.
Some close substitutes (where one was discounted and the other was not) appeared
next to each other on the screen, while others appeared in different rows and required
scrolling down to notice both items.® Whether a pair of substitutes was displayed
next to each other is independent of their prices, or of the difference between their
prices, and there was no option on the site to sort by price.” We used the variation
in location as a proxy for the cost involved in comparing the price of a target item
with its substitutes.

Rebates. In weekly emails, shoppers were offered an immediate rebate applied at

checkout if they spent at least $20 and also bought at least one unit of an item from
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a given group of eligible items that changed every week. During the first three weeks
of the study, the rebate was equal to the flat delivery fee of $2.99 (it was presented to
shoppers as free delivery), and in the last three weeks it was raised to® $10. Between
the fourth and tenth weeks, the rebate was $2.99 for the control group and $10 for
the treatment group (the difference between these two groups is explained below).
While it would have been ideal to keep the size of the rebate equal across the two
groups, we were constrained by the website’s wish to offer a higher incentive to shop
to the treatment group.” Table IV lists the rebate category offer for each week as
well as the prices of the target and substitute items in the category alongside the
refund when purchasing the rebate item for individuals in both the treatment and

control groups.

Place Table IV about here.

Treatment and control. The 355 shoppers who made purchases in the second half
of 2015 were randomly divided into two groups: 178 in treatment and 177 in control.’
Treatment shoppers received additional information on categories with discounted
items in the weekly email. In order to measure the effect of the email announcement
separately from a general salience effect or compliance effect, both groups were sent
weekly promotional emails with information on the rebate category.!’ But during
the entire period of the study, the email to the control group did not mention any
price discounts.

By contrast, the email to the treatment group included the following information:
four product categories (e.g., milk, eggs, fruit, bread) that were on temporary sale
that month; the biggest discount available in each of the four product categories
expressed in percentage points; and a link to the relevant page of each product

category. The treatment group was also informed that discounted items were marked
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by “**.”

In the later part of the study (from the sixth week on), shoppers in the treatment
group began to receive a more detailed weekly email. For these weeks, the email
alerted shoppers that many organic items were now on sale and even cheaper than
non-organic items. Additionally, those who had purchased a substitute item in a
category that was now on sale received a personalized email alerting them to this
fact (e.g., "Don’t forget to consider some alternatives to your last purchase of eggs
that we have on sale this month"). Figures 2 and 3 depict examples of the email
formats for both the treatment and control groups.

Place Figure 2 and Figure 3 about here.

III The data

The customer base of the website were randomly allocated to treatment and control,
such that 177 shoppers were assigned to control, and 178 to treatment. Over the
thirteen weeks of the experiment, we tracked the purchasing decisions of these shop-
pers in 28 product categories (see footnote 3). In total, 130 shoppers made 1,046
category purchases on 338 shopping trips during the experiment period: 66 shoppers
made 167 shopping trips in the control group, and 64 shoppers made 171 shopping
trips in the treatment group.

Table V provides summary statistics for the pre-experiment period (December
2014-January 2016) for both the full sample and a subset of 305 shoppers who had a
history of purchasing in at least one of the 28 product categories (152 in control and
153 in treatment). This subset is important as it turns out that past purchases within
the product category are a strong predictor of current purchases with differential

effects between those allocated to the control and treatment groups. Not surprisingly,
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since individuals were randomly allocated to treatment and control, there are no
significant differences in shopping trends between the treatment and control groups
during the pre-experiment period. Generally, shoppers had shopped on the site five
times prior to the experiment, with trips averaging roughly $70. Importantly, when
we condition on shoppers who made purchases of either the target or substitute
items, the control and treatment groups continue to look very similar. In the pre-
experiment period, the substitute items were generally purchased more frequently
than the target items by all shoppers (prior to the experiment, they were cheaper
than the target items).

Place Table V about here.

Recall that when a shopper browses through items, some discounted target items
are displayed right next to their substitutes (or in the same row), while others may
require scrolling down. In light of this, we say that a target item and its substitute
are "neighbors" if they appear on the same line on the website, and we refer to a
category as a “neighboring” category if it includes a target and a substitute that
are “neighbors.” Figure 4 displays an illustrative screenshot from the website. The
target item that is shown, organic bananas, was on sale for $0.24 per unit (regu-
lar price $0.49), while the two corresponding — and neighboring — substitutes are

" whose prices remained constant at $0.39

"banana ripe" and "banana mild green,'
per unit. Six out of the twenty-eight product categories included neighboring items
(avocados, bananas, kiwis, lemons, raspberries, and water).!? These neighboring cat-
egories made up roughly a quarter of purchases of target items and almost one-third
of substitute item purchases (as is evident from Tables II and III, there were no
significant differences between the prices of neighboring and non-neighboring items).

If comparing prices among neighboring items is simpler, we would expect shoppers

to be more price sensitive in neighboring categories.
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Place Figure 4 about here.

IV Findings

We begin this section by examining the response of all shoppers to the (exogenous)
price changes made in the experiment. We then measure the impact of information
on this response by differentiating between shoppers in the treatment and control

groups.

IV.i How do shoppers respond to sales?

Measuring how shoppers respond to price changes in a real-world setting is usually
complex due to the many factors that impact price changes and the concern that
these factors may be correlated with demand. This experiment provides an oppor-
tunity to measure this response in an environment where prices were lowered for a
specific group of (target) items while the prices of substitute products in that product
category remained constant. Figure 5 graphs the evolution of target-item prices rel-
ative to substitute-item prices in the 6 months leading up to the intervention (period
0) through the last week of the intervention (week 13). It illustrates how the average
price of a target item decreased by roughly 20 percent during its discount period
while substitute products in the same product category remained at an average price
of about $2.50 (see Tables II and III for a list of all products included in each of the
3 discount periods).

Place Figure 5 about here.

The exogenous shift in prices created by the intervention provides an opportu-
nity to measure price elasticities. We ran the following analysis on all products (p)

included in the intervention using monthly (m) purchase rates (q):
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(1) log(qpm) = A1 log(pricepm) + vp + N + Epm

The coefficient A\; on log(price,,) estimates the price elasticity of shoppers when
we control for differences in demand across time and products using product (7,) and
month (7),,) fixed effects. Since the changes in price,,, were unrelated to any unob-
served factors impacting monthly demand (5pm) , /)\\1 provides an unbiased estimate
of how consumer demand shifts in response to price changes.

We find that demand increases in response to a sale (see Table VI). The average
measured price elasticity is -1.649 (s.e. 0.249), with shoppers exhibiting the highest
price sensitivity to changes in fruit prices and the smallest sensitivity to changes in
the price of perishable items (eggs, milk, and yogurt). Specification (5) of Table VI
allows price elasticity to differ for products when their substitute appears on the same
line of the website (those categories with the lowest search costs). The magnitude of
the price elasticity increases in these low search cost categories by 1.655 (s.e. 0.776),
which suggests that price elasticity depends not only on product characteristics, but
also on the ease with which shoppers are able to compare prices across alternatives
in different product categories.

Place Table VI about here.

Familiarity with products in a category is another factor that could impact price
elasticities if shoppers tend to focus on a particular group of product categories and
do not pay much attention to prices or products outside of this group. We can
look more closely at this issue by differentiating across shoppers based on whether
they had made a purchase of any item in a product category in the period prior

to the intervention. In specification (6) of Table VI, we find that shoppers with a
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purchase history in a product category are more likely to both purchase products in
this category and exhibit higher price elasticities.

Our intervention introduced an additional degree of heterogeneity across shop-
pers. If shoppers do not respond to price changes because they are unaware of
existing discounts, one might expect that treatment shoppers who received informa-
tion on product categories with discounted items may exhibit higher price elasticities.
However, in column (7) of Table VI, we find that treatment shoppers fail to exhibit
a significant difference in price elasticities relative to control shoppers (a change of
0.102 (s.e. 0.088). Interestingly, despite the fact that in Table V we observed no
significant difference in shopping patterns between shoppers in the treatment and
control groups during the pre-experiment period, Table VI suggests that treatment
shoppers exhibit a higher demand for products regardless of price. In other words,
providing the treatment group with sale information seems to have increased de-
mand across all products, as opposed to increasing price sensitivity for discounted
products.

Figure 6 further examines the aggregate change in consumer purchases between
the month during which target products in the category were on sale and the month
leading up to the sale for shoppers in both the treatment and control groups. For
treatment shoppers, the sale increased demand in the product category where the sale
was offered from 9 to 15 products. Interestingly, this increase in demand was roughly
evenly split between target and substitute purchases even though only the target
products were discounted during this period. Conversely, shoppers in the control
group increased their demand for discounted target products during the sale period
by two units but did not exhibit any increase in demand for substitute products.

Place Figure 6 about here.

Figure 7 demonstrates the impact of this differential change in demand on con-
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sumer spending. Treatment shoppers spent 35 percent more on products in categories
where the target item was on sale than they had in the month leading up to the sale,
while we observe almost no change in spending among control shoppers. The fact
that some shoppers in the treatment group chose the substitute product during the
target sale raised the supermarket’s revenue relative to the results observed in the
control group. In the next section we look more carefully at the purchasing decisions
made by shoppers in the treatment versus the control group and examine why more
information seems to have increased supermarket revenue and made shoppers worse
off.

Place Figure 7 about here.

IV.ii Estimating the "Information Effect"

To estimate the "information effect," we focus on how the treatment impacted three
different monthly decisions of shoppers: buy;.,, — how many total purchases are
made within each of the relevant categories in our intervention (e.g., tomatoes),
target;., —how many items were purchased that were sometimes discounted during
the intervention (when this item was organic produce, it could also be perceived as
being of weakly higher quality than its non-organic substitute), and substitute;.,
— how many of the never-discounted substitutes for the target item were purchased
within the category (e.g., non-organic tomatoes). We estimate a model — where each
of these decisions is a function of whether the target item was on sale (tsale.,,), and
its interaction with being a shopper in the treatment group (treat; X tsaleqy).
Following our results from the elasticity estimates in Table VI where we found that
shoppers with a history of purchasing products in category (hist;.) were more price

sensitive than other shoppers, we also include the interaction terms (tsale,, X hist;.)
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and (treat; X tsaleqy, X hz’stic).13 These interaction terms allow us to account for
the possibility that promotional material may have a differential impact across these
shopper groups. On the one hand, a higher price elasticity among shoppers who
have purchased in this category before might suggest that they will react more to the
"information effect." Alternatively, the "information effect" may be most important
for shoppers without a history, who otherwise would not bother to consider items in
the category. Indeed, we show below that the effect of the intervention is concentrated
among shoppers with a history of purchasing within the category. We also control
for shopper fixed effects (;), shopping month (p,,), product category (n.), rebate
eligibility (e, ), rebate size (7;,), and the interaction rebate eligibility and rebate

size (Eim X Tim)-

(2)  In(Yien) = Prtreat; X tsaleey, X histy. + Batreat; X tsaleq, + Pstsaleqy,
+ Batsale.y, X histi. + Bshistic + BeCim + BrTim + BsCim X Tim

+7i+pm+7]c+5icm‘

Our full sample consists of 355 shoppers (i) over four months (m) in each of the
28 product categories!! (¢). We measure the impact of the sale in a difference-in-
differences framework. While ((33) captures the response of shoppers in the control
group to a sale on the target item, (f2) captures the differential response of the
treatment group, and (f33) captures the additional response of shoppers who have
a history of purchasing products in that category. Each specification controls for
shopper, month, and category fixed effects, as well as the size of the rebate offered
to a shopper purchasing the rebate item (7;,). We also include controls for rebate
eligibility (e;,) and its interaction with rebate size (e, X 7i,) because receiving a

large rebate when reaching the $20 minimum basket value may impact shoppers’
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purchasing decisions. All shoppers from the original sample are included in our
analysis in each of the 4 months observed, including months where they did not
make a shopping trip. For these shoppers, buyicm, targeticn, and substitute;.,, are
equal to zero for all product categories in that month.!> We focus on intention-to-
treat outcomes as opposed to limiting the sample to shoppers who made purchases or
read the promotional email, as such limitations could introduce selection concerns.

Suppose that shoppers were not aware of all available discounts, and the only
effect of the promotional material on the shoppers was to raise their awareness of
prices. Then we might expect treatment shoppers to be more likely to purchase
discounted target products and decrease their consumption of substitutes. This
would imply a positive estimate of S5 when the outcome variable is target;., and
negative estimate when the outcome variable is substitute;.,. If the only effect of
sales was to cause shoppers to replace a substitute item with a discounted target
item, then we would expect the estimate of 35 to be zero when the outcome variable
is Duyiem.

In Table VI we already observed that shoppers with a history of purchasing prod-
ucts in category (hist;. = 1) exhibit higher demand for products in that category at
any given price. Additionally, we observed higher price elasticities for shoppers in
this group. In equation (2) we take a closer look at the role of the promotional ma-
terial provided to the treatment group in driving these results. On the one hand, the
higher price elasticity might suggest that the "information effect" will be strongest
for those shoppers with a history of purchasing products in that category (5, > 0)
when the outcome variable is target;.,,. Alternatively, the "information effect" may
be most important for shoppers without such a history, who otherwise would not
bother to consider items in the category (5; < 0).

The first three columns of Table VII estimate equation (2) using the full sample,
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demonstrating that the effect of treatment is concentrated among shoppers purchas-
ing in a discounted category in which they have a history of purchasing products.
Control shoppers with no history of purchasing in a category respond to a sale pri-
marily by purchasing the target product (see columns (1) to (3) of the "Target Sale"
row), while those with a history of purchasing in a category significantly decrease
their purchase of substitute products (see column (3) of the "Target Sale x Hist"
row). Treatment shoppers with no history of purchasing in a category respond very
similarly to shoppers in the same category from the control group (see columns (1)
to (3) of the "Treat x Target Sale" row).

Place Table VII about here.

The increased price sensitivity observed for shoppers with a purchase history in
the elasticities table is being driven by treatment shoppers as observed in column
(2) of the "Treat x Target Sale x Hist" row. Treatment shoppers with a history of
purchasing products in a category are 3 percent (s.e. 1.7) more likely than control
shoppers to purchase the target product when it is on sale. Interestingly, these
treatment shoppers who had already made a purchase in this category in the pre-
experiment period also increased their purchase rate of the substitute item by 9
percent (s.e. 2.2), relative to shoppers in the control group during this same period
(see coefficient appearing in column (3)). Thus, the effect of promotional material
was primarily to increase purchase rates for products that shoppers had purchased

in the past in a category where a sale was offered.

Explaining the increased demand for substitutes. It may seem that a rational
shopper with a purchase history in a category would be more likely to purchase
products in that category if she were told that items in that category are on sale.

However, it seems less plausible that a fully rational shopper would respond to the
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sale (i.e., increase her purchase rate in that category) not by buying the discounted
items, but by buying the item she was likely to have bought before. Thus, our re-
sults suggest that coarse promotional material may have an important interaction
with past shopper behavior. Namely, promotional material may draw shoppers to
a discounted category, but the product they choose may be strongly dependent on
products that they purchased in the past.

Our results on the demand for substitute products are puzzling. Why did treat-
ment shoppers who received information on category sales increase the probability of
purchasing a substitute item when the target item was of equal or higher quality and
also offered at a lower price? Without a control group, one might be concerned that
shoppers suspected that an item on sale was of lower quality (e.g., close to expiration
date).! However, this cannot explain the differential behavior between the randomly
allocated treatment and control groups, as they both should have the same priors re-
garding the quality of discounted items.!” One possible explanation is that the email
to the treatment group impacted two separate shopping decisions: what product
categories to purchase in, and whether to purchase the substitute or the target item.
In other words, receiving an email that notifies a shopper that vegetables are on-sale
may increase the probability of purchasing vegetables on the website. This increase
could be driven by the shopper’s interest in the sale and/or a salience reminder that
the shopper would like to buy vegetables. This salience reminder is unique to the
treatment group and could lead to an increase in purchases of the substitute item.
Shoppers who have a history of purchasing products in a given category are more
likely to be familiar with the substitute items, which were purchased three to four
times more frequently than the target items in the pre-experiment period.

Another alternative explanation for the differential information effect we just

described is one of differential incentives. Recall that in week 4 the size of the rebate
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increased from $2.99 to $10 for the treatment group, and that this difference in
incentives remained until week 11 when the control group rebate was also increased to
$10. A higher rebate amount could cause shoppers to fill their basket with substitute
products in order to reach the $20 minimum necessary to qualify for the rebate.
However, we control for this in our analysis and while we do find that shoppers
who spent at least $20 on their basket were more likely to purchase in all product
categories regardless of whether or not they were on sale (see coefficient on "Rebate
Eligibility"), the added effect of the higher rebate incentive was to increase the
purchase rate of the target products (see coefficient on "Eligibility x High Rebate").
In order to make sure that our results are not driven by self-selection where certain
types respond to a $2.99 versus $10 rebate offer, in columns (4) — (6) of Table VII
we re-run our analysis including only purchasing decisions made prior to week 4, so
that shoppers in both the treatment and control groups received the same rebate
offer. Constraining the sample in this way leaves our results unchanged. Thus, it
seems unlikely that the observed differences in behavior between the treatment and

control groups are a result of differential incentives.

The effect of search costs. Recall that some product categories had high search
costs, where the target and substitute items appeared on different lines of the website,
whereas others appeared on the same line (see Tables IT and IIT). These neighboring
categories provide an opportunity to examine whether treatment shoppers were more
likely to take advantage of purchasing the discounted target product as opposed to
the substitute product in categories where the comparison required less effort. To do
this, we include an interaction term between the variables driving our main coefficient
of interest (treat; X tsale., X hist;.) in equation (2) and whether this was a low search

cost category (low search,).
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We summarize our results from this specification in the first three columns of
Table VIII. Generally, the added effect in the low search cost categories is very
noisily measured and not statistically different from zero (see "Treat x Target Sale
x Hist x Special" row). The magnitude of our estimates in column (2) suggest that
the increased price sensitivity observed for treatment shoppers in Table VI may be
driven by neighboring categories. Treatment shoppers with a history of purchase in
high search cost categories increase their purchase rate of target products in that
category by 2 percent when they are on sale relative to control shoppers. The gap
between treatment and control shoppers increases to 5 percent when examining low
search cost categories. However, the lower search cost in neighboring categories does
not reduce the increased consumption of substitute products by treatment shoppers

observed in high search cost categories (see column (3) of Table VIII).

Place Table VIII about here.

The effect of information precision and nudges. Recall that in the last two months
of the intervention (weeks 6 — 13), the email to the treatment group included a line
alerting shoppers to the fact that many organic items were on sale and in some
cases, even cheaper than the non-organic substitute. Additionally, if a treatment
shopper purchased a substitute item on her previous trip, these personalized emails
included the line “you may want to consider some alternatives to your last purchase
in this category — that are now on sale.” This later period with more detailed emails
provides an opportunity to examine the differential response of treatment shoppers
to a sale when they have more precise information on the products (in addition to
the categories) that are on sale. To do this, we include an interaction term between
the variables driving our main coefficient of interest (treat; X tsales, X hist;.) in

equation (2) and whether this was a period where treatment shoppers received a
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more detailed email (detailed;,,).

Our estimate in columns (4) to (6) of Table VIII illustrate that treatment shoppers
are significantly more likely than control shoppers to purchase the substitute product
in categories where a weakly higher-quality target item is discounted during non-
detailed email weeks. Specifically, shoppers in the treatment group are 19 percent
(s.e. 5) more likely than shoppers in the control group to purchase a substitute
product during a target item sale (see column (6) of the "Treat x Target Sale X
Hist" row). However, these large differences between treatment and control shoppers
disappear during detailed email weeks (see the coefficients on "Treat x Target Sale
x Hist x Special" in columns (4) to (6) of Table VIII, which are roughly the same
size as those estimated for the coefficient on "Treat x Target Sale x Hist" but of
the opposite sign). During these weeks with more detailed emails, shoppers in the
treatment group had a similar response to target items as shoppers in the control
group. Thus, the effect of more detailed information was primarily a reduction in
purchasing "mistakes" of the substitute item for treatment shoppers. This suggests
that "mistakes" were avoided by simply not purchasing in the category, as opposed

to purchasing the discounted item.

V Discussion

Our main finding is that providing shoppers with information on categories with
discounted items increases the purchase rate within the category for the undiscounted

substitutes. This behavior may be viewed as anomalous if the following are true:

1. Shoppers prefer organic items if they are not more expensive than their non-

organic counterparts.
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2. Shoppers would switch brands if a competing brand is reduced to, or below,

the price of the regular brand they usually purchase.

To verify these assertions, we conduct two follow-up surveys. The first was sent
only to the participants in our study and had a response rate of only 24 percent (55
shoppers). The vast majority of respondents (91 percent) answered that they would
choose an organic item if it was weakly cheaper than its non-organic alternative.
Eighty percent of the respondents reported that they would switch brands for a
discount of 20 percent.

Because of the low response rate to our first follow-up survey, we conducted an
additional survey using the Qualtrics platform on 378 American participants ranging
from 18 to 30 years of age, with at least some college education. Over 70 percent
of the respondents reported that they would choose an organic product if it was the
same price as the non-organic alternative for prices ranging between $1.00 — $3.50.
This climbs to close to 90 percent when the organic product is cheaper than the non-
organic substitute. Lastly, 68 percent of the respondents replied that they would
switch brands if the alternative brand was discounted to the same price as the item
they usually purchased. This climbs to 80 percent when the discounted alternative
becomes cheaper than the item they usually purchase.

These survey results lend support to our interpretation of the data as reflecting
shopping behavior under limited attention. The behavior of our participants stands
in stark contrast to the vast majority of the survey responses. While our finding that
promotional materials on sales increases consumption of regularly priced alternatives
is not dependent on assumptions (1) and (2), these assumptions have important

implications for consumer welfare.
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V1 Concluding remarks

Comparing prices across a large variety of products is a non-trivial task, especially
when prices are constantly changing. Despite this, mainstream economic models
of consumer behavior are based on the premise that consumers are attuned to all
price fluctuations and perfectly process signals of these price changes. By contrast,
our findings reveal that not only do consumers miss opportunities to save, but that
bringing these opportunities to their attention does not necessarily decrease spending.

Furthermore, our experiment yields some novel results that contribute to the
growing literature on consumer response to signals on price changes. First, we show
that announcements of category-level discounts primarily affect shoppers with a his-
tory of purchasing products in the discounted category. Second, while discounting a
product generally leads to an increase in demand for that product and a decrease in
demand for its lower-quality substitute, receiving information on these discounts at
the category level results in an increase in demand for the discounted product and
its more expensive substitute. While previous studies have shown that advertising
an item may increase the demand for other items on the same website or in the
same category, we provide evidence of increased sales for items that are close sub-
stitutes and are weakly dominated (e.g., increased purchases of a non-organic fruit
when its organic version is priced lower). This spillover effect is diminished when the
announcements include more information on the types of items that are discounted
and when shoppers receive a personalized "nudge" that alerts them to the fact that
previous items they bought are no longer on sale. This suggests that the source of
the increased demand for the more expensive substitutes is a combination of iner-
tia (continuing to buy what the shopper is used to) and the cost of acquiring more

information (looking for which specific items are discounted in the category).
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The above findings hint at implications for retailers that are deciding which prod-
ucts to discount and how to announce these discounts to shoppers. If retailers are
interested in boosting overall sales, they may benefit from announcing discounts only
at the category level ("select fruits are on sale"), and targeting these announcements
to shoppers with a history of purchasing products in that category. If, on the other
hand, a retailer is interested in increasing the sales of a promoted brand, then more

precise information at the item level may be preferred.

27



References

[1] Anderson, E. T. and Simester, D., 2013, ‘Advertising in a Competitive Mar-
ket: The Role of Product Standards, Customer Learning, and Switching Costs,’
Journal of Marketing Research, 50, pp. 489 — 504.

[2] Byron, E., 2008, ‘At the Supermarket Checkout, Frugality Trumps Brand Loy-

alty,” Wall Street Journal, November 6.

[3] Chidmi, B. and Lopez, R. A., 2007, ‘Brand-Supermarket Demand for Breakfast
Cereals and Retail Competition,” American Journal of Agricultural Economics,

89, pp. 324 — 337.

[4] Clerides, S. and Courty, P.,2017, ‘Sales, Quantity Surcharge, and Consumer

Inattention.” Review of Economics and Statistics, 99, pp. 357 — 370.

[5] Fong, N. M., 2017, ‘How Targeting Affects Customer Search: A Field Experi-

ment,” Management Science, 63, pp. 2353 — 2364.

[6] Fong, N. M., Zhang, Y., Luo, X., and Wang, X., 2016, ‘Targeted Promotions

and Cross-Category Spillover Effects,” Working Paper.

[7] Gopalakrishnan, A. and Park, Y-H., 2021, ‘The Impact of Coupons on the Visit-

to-Purchase Funnel,” Marketing Science, 40, pp. 48 — 61.

[8] Magnusson, M., Arvola, A., Hursti, K, Aberg, L., and Sjédén, P-O., 2001, ‘Atti-
tudes towards Organic Foods among Swedish Consumers,” British Food Journal,

103, pp. 209 — 227.

[9] The Nielsen Company, 2013, ‘Global Report of Loyalty Sentiment ,* Nielsen.

28



[10]

[11]

[12]

[13]

Perkovic, S. and Orquin, J. L., 2018, ‘Implicit Statistical Learning in Real World
Environments behind Ecologically Rational Decision Making,” Psychological Sci-

ence, 29, pp. 34 — 44.

Roddy, G., Cowan, C. A., and Hutchinson, G. W., 1996, ‘Consumer Attitudes
and Behavior to Organic Foods in Ireland,” Journal of International Consumer

Marketing, 9, pp. 41 — 63.

Sahni, N. S., 2016, ‘Advertising Spillovers: Evidence from Online Field Ex-
periments and Implications for Returns on Advertising,” Journal of Marketing

Research, 53, pp. 459 — 478.

Sahni, N. S., Zou, D., and Chintagunta, P. K., 2017, ‘Do Targeted Discount
Offers Serve as Advertising? Evidence from 70 Field Experiments,” Management

Science, 63, pp. 2688-2705.

29



Notes

!This information was obtained from responses to an optional survey conducted at checkout
during the first month of the experiment period. Eighty percent of the shoppers who made a
purchase during the experiment period responded to the survey.

2We operated under the constraint that all shoppers must face the same set of prices.

3The twenty-eight product categories are: bananas, kiwis, lemons, raspberries, apples, bulk
apples, blueberries, pineapples, avocados, broccoli, cucumbers, kale, onions, green onions, peppers,
lettuce, limes, tomatoes, bread, organic bread, eggs, brown eggs, organic eggs, milk, bulk milk,
organic milk, yogurt, and water.

“In a post-experiment questionnaire of the participants, 80 percent of 55 individuals who re-
sponded answered that they would switch brands for a discount of 20 percent. We found a similar
response when surveying an additional 378 US respondents in the same age and education cate-
gories. See Section F for more detail.

5In our post-experiment questionnaire, 91 percent of 55 respondents said they would buy an
organic item if its price was weakly cheaper than the conventional version of the same item. This
result also held in an additional follow-up survey with 378 participants. See Section F.

6The display of items on the screen was determined by the developer and remained constant
throughout the experiment. The relative display of items — i.e., whether items were adjacent or not
— remained the same whether the shopper used a computer or a mobile device.

"Buying a substitute item was on average 28 percent more expensive than the discounted target
item for non-neighboring items, and 25 percent more expensive than the discounted target item for
neighboring items.

8Starting with free delivery before moving to the high rebate was also intended to give credibility
to the promotional offer.

9Table VII also includes analysis run only on weeks where shoppers in the treatment and control
groups were offered identical rebates to ensure that what drives the difference in results between
these two groups is the difference in promotional information.

10 Although we have data on shoppers beginning in December 2014 (over a year before we ran the
experiment), we only include shoppers who had made a purchase within the previous six months in

the treatment and control groups. We expected these shoppers to be the ones most likely to make
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purchases during the period of the experiment.

T As noted above, for roughly half of the experiment both the treatment and control emails
provided the same rebate amount for item in the rebate category. The observed differential effect
of the sale on the treatment and control groups is robust to running the analysis only on the same
rebate weeks.

12The twenty-two non-neighboring product categories are: apples, bulk apples, blueberries, pineap-
ples, broccoli, cucumbers, kale, onions, green onions, peppers, lettuce, limes, tomatoes, bread, or-
ganic bread, eggs, brown eggs, organic eggs, milk, bulk milk, organic milk, yogurt. For a detailed
explanation see Tables IT and III.

13In Table VIII we control for the interaction between neighboring categories and and the target
sale to account for the higher price sensitivity observed among neighboring categories.

14We focus our analysis on monthly purchases occurring in the month leading up to the inter-
vention and each of the 3 months of discounts.

150ur results remain very similar when we exclude shopper-months when a purchase was not
made on the website. We include all shopper-months in our main specification as excluding shoppers
during months when they chose not to shop on the website could introduce selection concerns if
different sales draw different types of consumers.

16We look into this explanation in our post-experiment questionnaire and find that only three
out of twenty-seven respondents said that they did not buy an item on sale because they thought
it was of lower quality or close to its expiration date.

1"Indeed, we show in Table V that there are no significant differences in characteristics of shoppers
between the treatment and control groups for both the full sample and the sample of shoppers who

had purchased products in the category in the past.
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Figure 1: The Experiment
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Figure 2: Examples of Email Format during Non-Detailed Email Weeks

Control (email title: Free Shipping on ---- if you Buy a Bananal!!)

Greetings from ----, your local grocery delivery service!

Got abanana? Get a one-time refund on shipping for a purchase of over $20 if you buy one banana
or more!Y(Click here)

1 Offer valid on all bananas. Use this email address when placing your purchase and a refund of
$2.99 will be applied within 24 hours of purchase. Valid until ---

Treatment (email title: Free Shipping on ---- if you Buy a Bananal!!)

Greetings from ----, your local grocery delivery service!

Got abanana? Get a one-time refund on shipping for a purchase of over $20 if you buy one banana
or more! (Click here)

. and if that’s not enough, make sure you check our discounts for the month of February
(discounted items are marked by **).

Our biggest discountsarein thefollowing categories:
1. Vegetables — up to 45% off select items (Click here)
2. Milk — up to 40% off select items (Click here)

3. Fruits— up to 30% off select items (Click here)

4. Eggs— up to 20% off select items (Click here)

1 Offer valid on all bananas. Use this email address when placing your purchase and a refund of
$2.99 will be applied within 24 hours of purchase. Valid until ---



Figure 3: Examples of Email Format during Detailed Email Weeks

Control: (email title: Click for $10 off your ---- purchase!!)

Greetings from ----, your local grocery delivery service!

Got apples? Get a $10 refund by ssmply purchasing at least one apple and inserting the coupon
code dcash at checkout! * (Click here)

! Offer valid on all apples. Use this email address and the dcash coupon code when placing your purchase and you
will receive a $10.00 one-time refund on your purchase of $20 or more. The refund will be applied within 24 hours.
valid until ---.

Treatment: (email title: Click for $10 off your ---- purchase!!)

Greetings from ----, your local grocery delivery service!

We are devoted to helping our customers get the "best bang for the buck”.

So don't miss out on our April discounts! Our April sale prices are so low that organic sale items
are often even cheaper than the non-organic alternative! (discounted items are marked by **)

Don't forget to consider some alternativesto your last purchase of eggs that we have on sale
this month.

To use your $10 refund - simply click on one of the links below to the site, purchase at least one
apple and insert the coupon code found bel ow.

Our biggest discounts are on the following products:
1. Milk — upoB3 %D ffBelect@temsiClickihere)

2.[Eggs — upRo@9%DdffBelect@temsClickihere)

3.Fruit — upRoD 1%DffBelect@temsiClickdhere).

4. Vegetables — up®oT 5% ffBelect@temsdClickihere)

Make sure to purchase one or more apples and enter coupon-code dcash at checkout!*

! Offer valid on all apples. Use this email address and the dcash coupon code when placing your purchase and you
will receive a$10.00 one-time refund on your purchase of $20 or more. The refund will be applied within 24 hours.
valid until ---.



Figure 4: Example of Target versus Substitute Item during Sale Period
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Figure 5: Price Variation in Target versus Substitute Items
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How Does a Sale Impact Consumer Demand?
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Figure 6: This figure summarizes mean categor- level purchases for total, target, and

substitute products in the presale period (one month before the price of the target
product was reduced) and during the one-month sale.



How Does a Sale Impact Consumer Spending?
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Figure 7: This figure summarizes mean category-level spending for total, target, and
substitute products in the presale period (one month before the price of the target
product was reduced) and during the one-month sale.



Table I: Purchasing Frequency of Target and Substitute Items Prior to Experiment

ProductiName Quantity@®urchased
Bananas 357
BananasdOrganic) 72
Onions 191
OnionsdOrganic) 42
Kroger:Bread 139
Aunt@iillie'sBread 56
Kroger:Eggs®Er2ct 134
Eggflands@est:TageFreeflarge@BrownEggsiEl 2ct 14
Kroger:@Grade@Aarge@BrownEggs@rl2ct 19
Simplefruth:MNaturalage#reedarge@rownEggsHl 2ct 78
Kroger:Milki1gal) 114
Kroger:MMilk[0.5gal) 96
Horizon:@rganic@Milk{0.5gal) 22
Simplefruth@rganic:@Milk{0.5gal) 43
AppleffLg) 103
ApplelOrganic) 69
AppleBagiBibiag 65
Bell®Pepper 99
Bell®PepperdOrganic) 15
Blueberries 94
Blueberry{Organic) 11
Avocado 76
Jumbo@vocado 28
Cucumber 75
CucumberfOrganic) 15
Ice@Mountain:M ater@24pk 74
Kroger:@PurifiedDrinking@ate rifR24pk 11
Dasani:MWVaterf24pk 20
Aquafina@24pk 11
Chobani:&GreekXogurt 71
Fage:@GreekXogurt 55
Raspberries 62
RaspberriesdOrganic) 10
RomatfTomato 41
RomaTomatodOrganic) 4
Romaineldettuce 33
RomaineflettucedOrganic) 3

The@nostopularBubstitute@tem@vithin@ach@ategory@Eppearsirst@nddniold.
Broccoli,Kiwi,Kale,®ineapples,Alemons,dimes,@Green@nions,@rganic®Bread,znd
OrganicEggs@vereRxcluded@rom@his@able@ordlackDdfEpace.



Table II: Target and Substitute Produce Items

Weeks Targetdtem Price Sale Substitutedtem Price
Price
15 Organic@Banana (N) 0.49 0.39 Regular@Banana 0.39
15 Organic@Blueberries 5.49 4,99 Regular@Blueberries 4.99
165 OrganicKiwi (N) 0.99 0.79 RegularEXiwi 0.79
165 OrganicBppledFuji) 1.49 1.25 Regular\ppledFuji) 1.25
165 OrganicBppledGala) 1.49 1.25 RegularfAppledGala) 1.25
15 OrganicBppledGranny@mith) 1.49 1.25 RegularfAppledGranny@mith)  1.25
1% Organicllime 1.29 0.89 Regularflime 0.89
15 Organic@Broccoli 349 3.25 Regular Broccoli 3.25
165 OrganiclRomainellettuce 3.29 2.59 RegularfRomainelettuce 2.59
15 Organicucumber 1.89 0.99 Regular@ucumber 0.99
165 JumboMRipefAvocado (N) 2.25 1.49 Jumbo@nripefvocado 2.25
6 OrganicfTomato 0.79 0.59 RegularfTomato 0.59
6™ OrganicRed®Bell@Pepper 2.79 2.59 RegulariRed®BellPepper 2.59
6 Organicnion 259 1.99 Regular@weetfnion 1.99
6® OrganiciXale 2.19 1.99 RegulariXale 1.99
6@ Organic@Greenfnion 0.99 0.95 Regulari@lGreenfnion 0.95
6@ ApplesBibiag (~4 ct.) 539 4.49 Regular@\pple 1.25
6@ Organicilemon (N) 149 1.29 Regularlemon 1.29
6D Organic®Pineapple 6.49 5.49 Regular®Pineapple 5.49
10E13  OrganicBanana (N) 049 0.24 RegularBanana 0.39
10EL3  Organic@Blueberries 5.49 4.00 Regular@Blueberries 4.99
10EL3  OrganicBApple 1.49 1.00 Regular@pple 1.25
10EL3  OrganicBppledFuji) 1.49 1.00 Regular@\pple 1.25
10F13  OrganicRaspberries (N) 5.49 3.89 Regular@®aspberries 3.99
10EL3  Organicllemon (N) 1.49 0.99 Regularllemon 1.29
10EL3  Organic@Broccoli 3.49 2.00 Regular Broccoli 3.25
10F3  OrganicCucumber 1.89 0.75 Regular@ucumber 0.99
10F13  RomalTomatorganic 0.79 0.20 RegularfTomato 0.59
10Fl3  Red®Bell®Pepper@rganic 2.79 1.99 RegulariRed®Bell@Pepper 2.59
10fl3  Sweet@nion@rganic 259 1.00 Regular@weet@nion 1.99
10fl3  Organicl@reen@nion 0.99 0.50 Regular@Greenfnion 0.95

(N) — refers to neighboringiategories@vherehe targetBandBubstituteBppearnEheBZameline ofthe

website.



Table III: Target and Substitute Dairy, Egg, and Durable Items

Dairy
Weeks Targettem Price Salerice Substitutedtem Price
15 Kroger:@MMilk{0.5gal) 2.99 1.75 Kroger:@Milk{1gal) 3.99
165 Horizon Organic:E0%fat 5.45 4.49 Simplefruthrganic:Fat 4.49
free@ilk{@0.5gal)) Free@Milk
15 Fage:M%ENndR2%HFat 1.89 1.50 Chobani:Xogurt, 1.89
Yogurt@plain@End&herry) Fage:Xogurt{Other)
6D Fage:@M%ndR2%Fat 1.89 1.50 Chobani:Xogurt, 1.89
Yogurt@plain@nd&herry) Fage:Xogurt{Other)
10FL3  Simplefruth@rganic: 4.49 2.99 Horizon@rganic:Milk 5.45
Milkd0.5gal)
Eggs
Weeks Targettem Price Salerice Substituteftem Price
165 Kroger:f@Gradef\darge 3.69 2.89 Krogerf@Gradef\darge 2.99
BrownEggskl2ct Eggskll2ct
165 Eggfland'sBest:Lage 5.49 4.35 SimplelTruth:Natural 4.45
Freefarge@rownEggsh CagelfreeGrainied
12ct Large@Brownggskl2ct
10El3  Kroger:@radefAdarge 3.69 1.89 Kroger GradelB\@darge 2.99
BrownEggskl2ct Eggskl2ct
10EL3  Simplefruth:MNatural 4.45 2.50 Kroger@Grade@darge 2.99
CagelFreeGrainided Eggskl2ct
Large@BrownEggskl2ct
Durables
Weeks Targettem Price Salerice Substitutetem Price
6@ Kroger:MMultigrain@Bread 2.59 1.99 Kroger:ELO0%@AVhole 2.59
Wheat®Bread
6D Kroger:@WVheat®Bread 2.45 1.99 Kroger:ButtermilkBread 2.19
6™ Dasani:@Vater (N) 6.99 5.49 Ice@nountain:@Nater 5.99
Aguafina:AVater 6.99
Kroger:@Water 5.49
Niagara:@Vater 5.99
1213  Aunt Millie's@Bread: 3.65 2.19 Aunt@Mlillies:EL2@MVhole 3.65
100%@Vhole@Vheat Grain,@Honey Oat,Honey
Wheat,MMultifEGrain
Kroger Whole Wheat 2.59
12F13  Aunt@Millie'sBread: 3.65 2.19 Kroger:ButtermilkBread, 2.45
ButterfTopMVhite Wheat®Bread
12F13  Aunt@illie's@Bread: 3.65 2.19 Aunt@Millies:Atalian 3.65
Whole@GrainBWhite Kroger:@Vhite,Atalian 2.19

(N) — refers to neighboringtategories@vhere®he targetEndBubstituteBppear®nEhe@ameline ofthe

website.



Table IV: Offered Rebate Categories by Week

Rebateftem Rebatefdtem
Week RebateTategory Rebatel@tem®rice  Rebateldtem®Price Refund Refund
Targetin®'s) Substitute@in®'s)  Control@Group Treat@Group
1 Bananas 0.39 0.39 2.99 2.99
2 Blueberries 4.99 5.49 2.99 2.99
3 Apples 1.25 1.25 2.99 2.99
4 Broccoli 3.25 3.25 2.99 10
5 Bananas,Blueberries,
Apples,BrBroccoli SeePricestMbove  SeefPrices@bove 2.99 10
6 Tomatoes 0.59 0.59 2.99 10
7 Redibellepers 2.59 2.59 2.99 10
8 Bread 1.99 2.59 2.99 10
9 Yogurt 15 1.89 2.99 10
10 Bananas 0.24 0.39 2.99 10
11 Apples 1 1.25 10 10
12 Bread 2.19 2.59 10 10
13 Eggs 2.5 2.99 10 10




Table V: Sample Characteristics in Pre-Experiment Period

FullBample Target®rBubstituteistory
Control®  Treat® Diff> | Control®  Treat® Diff°
Number@®fBhoppingrips 4.373 4.264 0.097 4.829 4.732 .097
(5.814) (5.678) (0.693) | (6.122) (5.988) (0.693)
Number®f@tems®Purchased 12.544  13.039 0.856 13.529 14.385 0.856
(7.157) (8.553) (0.883) | (7.017) (8.337) (0.883)
Number®fTarget@tems@urchased: 2.198 2.758 0.65 2.559 3.209 0.65
(28@ategories) (4.856) (6.372) (0.689) | (5.153) (6.769)  (0.689)
[N eighboringategories: 0.599 0.702 0.103 0.697 0.817 0.120
[ 6 ategories) (1.683) (2.397) (0.220) | (1.798) (2.569) (0.254)
N onEN eighboringategories: 1.599 2.056 0.457 1.862 2.392 0.530
[ 2 2 ategories) (3.900) (4.989) (0.475) | (4.151) (5.308) (0.546)
Number®fBubstitutedtems@Purchased: 8.565 8.360 0.205 9.974 9.725 .248
(28@Categories) (11.585) (12.901) (1.302) | (11.929) (13.433) (1.455)
N eighboringategories: 2.904 2.427 0.477 3.382 2.824 0.558
[T 6L ategories) (6.555) (5.125) (0.624) | (6.961) (5.428) (0.714)
N onENeighboringategories: 5.661 5.933 0.272 6.592 6.902 0.310
[P 2 2 ategories) (7.341) (8.624) (0.850) | (7.525) (8.937) (0.946)
Number@®fategories®Purchased 4.260 4.500 0.240 4.961 5.235 0.275
(3.587) (3.690) (0.386) | (3.390) (3.462) (0.392)
TotalBEmountBpent®nEPurchase 66.186 65.198  [M.988 70.957  70.166 @.791
(38.556) (40.119) (4.177) | (38.403) (39.833) (4.481)
Number®fBhoppers 177 178 152 153

®Standard@eviations@re@presentedd@niarenthesis

®Standard®rrorsi reBbresentedd@niparenthesis

OurBnalysisfocuses@®nR8@productategories.BixDfRheserelassifiedEsiNeighborTategoriesfRategories
whereheBubstituteBind®arget@tems@EppearBnRheBameline®@heMvebpagedavocados,Bananas,iwis,
lemons,@aspberries,@nd@vater).frheemaining®2&honkheighboring@ategoriesrehefollowing:Epples,
bulkZpples,Blueberries,Bineapples,@broccoli,Rucumbers,kale,Bnions,Ereen@nions,Geppers,dettuces,
limes,omatoes,bread,Brganicibread,®ggs,Bbrownggs,Brganic@ggs,@nilk,Bbulk@Eilk,Brganicinilk,Fogurt.
Target®rBubstituteMistoryd@s@Bample®hatAncludes@®nlyBhoppers@vhoEnadetdeast@nelpurchase@ iz
target®rBubstitute@ood@uring@helprelexperimentieriod.
*Significant@tELO%;®E *significantEt® %; @ * *significant@tEL %



Table VI: Price Elasticities

All Vegetable Fruit Perishable All All All
(1) (2) (3) (4) (5) (6) (7)
Log®rice Fl.649*** [1.619*** [B.096*** [1.224*** [1.496*** [1.119*%** [1.179***
(0.249) (0.438) (0.756) (0.260) (0.269) (0.266) (0.221)
LogPriceEBamelline PL.655**
(0.776)
LogPriceEMistory [D.347**
(0.155)
History 1.300***
(0.157)
Log@Price@ETreatment 0.102
(0.088)
Treatment 0.138*
(0.082)
ItemFixedEffects Yes Yes Yes Yes Yes Yes Yes
MonthFixed&Effects Yes Yes Yes Yes Yes Yes Yes
Number@DfiAtems 1,089 243 225 423 1,089 2,178 2,178

Standard@rrorsreiresentedin@arenthesisBind@lustered@t®hefdtemdevel.
Anbservationds@efinediby@EnonthEnd@temd121GtemsEracked@rom®BEnonthsprior
tolAntervention@intil@he@End®DfAnterventiondaotal®f@ENonths)).BSameldineefers
tofAtem&ategories@vhere@heBubstituteBnd®argetfitemsppear®nEheBameldine®fithe@vebsite.
History@efers@oBhoppers@vho@nade@@purchase@nhis@ategory@®fproductsfe.g.@nilk)@prioro
thefintervention.

*Significant@tEL0%,;® *significantEB:t® %; @ * *significant@tE %



Table VII: Measuring the Effect of Promotional Information on Customer Purchase

Decisions
AllAVeeks IdenticalRebate@Veeks
Category  Target Substitute | Category Target  Substitute
(1) (2) (3) (4) (5) (6)
TreatXErargetBaleXHist 0.114%*** 0.03* 0.09%** | 0.129*** 0.022 0.112%***
(0.025) (0.017) (0.022) (0.039) (0.021) (0.038)
TreatXETargetBale @.002 @.0004 @.002 [0.0001***| 0.0024 @.002***
(0.003) (0.002) (0.002) (0.003) (0.002) (0.003)
TargetBaleEXHistory B.07*** | 0.00008 | E@D.072*** | ED.104** | [@.01523 [.089*
(0.018) (0.011) (0.018) (0.029) (0.015) (0.027)
TargetBaledTs) 0.005** | 0.004** 0.001 0.01*** | 0.002*** | 0.008***
(0.002) (0.002) (0.001) (0.004) (0.002) (0.003)
TreatX@Hist @.046 @.009 @.039 | [D.088*** | [@.019*** | @.072***
(0.038) (0.012) (0.034) (0.043) (0.015) (0.037)
History®fPurchase 0.16%** | 0.03*** [ 0.133*** [ 0.196*** | 0.04*** 0.16%**
(0.027) (0.008) (0.024) (0.034) (0.012) (0.028)
RebatelEligibility 0.087*** | 0.022*** [ 0.066*** | 0.086*** | 0.022*** | 0.065%**
(0.006) (0.003) (0.005) (0.006) (0.003) (0.006)
High@Rebate@Period 0.001 .002 0.003*
(0.002) (0.001) (0.002)
Eligibility&@HighRebate 0.008 0.012%*** @.003
(0.006) (0.004) (0.005)
ltemategoryFE's X X X X X X
Month@E's X X X X X X
NEtemsX@onths 40,115 40,115 40,115 19,880 19,880 19,880
Mean®filDependent 0.038 0.01 0.028 0.036 0.009 0.027
Variable: [0.245] [0.121] [0.207] [0.223] [0.104] [0.194]

Standard@rrors@refpresentedidniparenthesis@ndlustered@ttheBhopper@End@ategorydevels.
Standard®leviations@ppeardnibrackets.BAn@bservationsis@efinedby@mBhopper,@nonth,EndEtem
category.History@dfPurchasedsEqual@ofl@fEheBhopperurchased@elevantitem@nheire
analysis@period.RebateEligiblity@mplies®hat@heRonsumer@nade@@Ppurchase®Df@tdeastF20@uring
this@nonth,HighRebate@eriodfmplies®hat@fpurchasing@he@®ebate@roductfeither@romihe
subsitute®r@arget@Eroup)®heBhopper@vas@ligibledor@thigh@ebate@uring@®hisBerioddS$ 10®ff

his/herBurchase)a




Table VIII: The Role of Search Costs and Information in Determining the Effect of
Promotional Information on Shopping Behavior

Special ="Samelline"Tategory

Special =Detailed®eriod

Category Target Substitute | Category Target Substitute
(1) (2) (3) (4) (5) (6)
TreatXTargetBaleEXHistX Special 0.029 0.034 0.005 |[[D.183*** 0.016 BD.178***
(0.048) | (0.035) | (0.047) | (0.057) (0.034) (0.058)
TreatXTargetBaleEHist 0.107*** 0.02 0.092*** [ 0.207*** 0.032 0.186***
(0.028) | (0.016) (0.024) (0.049) (0.024) (0.046)
TreatXTargetBale £D.002 D.001 D.001 0.0032 0.0014 £D.004
(0.003) (0.002) (0.002) (0.004) (0.003) (0.003)
TargetBaleX@History BD.077*** | 0.00042 | BD.079*** | @.094** | [D.00334 £D.092*
(0.02) (0.008) (0.02) (0.032) (0.016) (0.029)
TargetBaledTs) 0.004* 0.003** 0.001 0.005*** | 0.001*** [ 0.003***
(0.002) | (0.002) (0.002) (0.004) (0.002) (0.003)
TreatEX@Hist ?D.038 ?D.004 D.034 [[@D.095*** | @.022*** | @.077***
(0.033) (0.012) (0.029) (0.047) (0.015) (0.042)
History@®f@Purchase 0.144*** | 0.03*** | 0.117*** | 0.213*** | 0.043*** | 0.176***
(0.025) | (0.009) (0.022) (0.037) (0.012) (0.032)
RebatelEligibility 0.087*** | 0.022*** | 0.066*** | 0.086*** | 0.022*** | 0.065***
(0.006) (0.003) (0.005) (0.005) (0.003) (0.005)
HighRebatePeriod 0.001 ?D.002 0.003* £D.001 D.003** 0.002
(0.002) (0.001) (0.002) (0.002) (0.001) (0.002)
Eligibilityz@igh@®Rebate 0.008 0.012%*** 0.003 0.01* 0.012%** 0.002
(0.006) | (0.004) (0.005) (0.006) (0.004) (0.005)
ItemiategorydE's X X X X X X
Month#FE's X X X X X X
NdtemsZ@Months 40,115 40,115 40,115 40,115 40,115 40,115
Mean@fDependent 0.038 0.01 0.028 0.038 0.01 0.028
Variable: [0.245] | [0.121] [0.207] [0.245] [0.121] [0.207]

Standard@rrorsEre@resenteddn@arenthesisEnd®lusteredzt®he@hopper@ndEategorydevels.Btandard
deviations@ppearfinbrackets.BAn@bservationsis@lefinedibyEEho pper,@nonth,BinddtemEategory.F'Samefine"
(columnsi1)=3))@efers@o®helproduct@ategories@vhereoth@heBubstitute@nd®argetiroducts@ppear®nihe
sameline®fthe@vebpage.@etaildcolumnsi4)z6))xefers@o@veeks@vherehe@reatment@mailfrovided
personalizedzhudgesEowards®nsaled@tems@ndBZpecifically@nentioned®hatBomelrganicltemsEre@nZale.
HistoryfPurchaseds@Equal®olfl@ftheBho pperBurchased@@elevantd@temin@helpre@nalysisieriod.Rebate
Eligiblitydmplies®hat®heRonsumer@nade@Burchase®fBtdeastZ20@uring®his@nonth,Migh@RebateBeriod
implies@hatif@urchasing®he@ebatefroductfeitherfrom@heBubsitutel riarget@Eroup)®heBhopper@vasiligible
for@mhigh@ebate@uring®hiseriodd$10@ffthis/herBurchase)ZRlIBpecificationsinclude@dditional@ontrolsdor
"Special"dAnteracted@vithrargetBale,freat,EndHist.

*Significant@tEL0%,; & * significant@t® %;  * *significant@tEL %




