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Abstract

Online retailers can recoup part of the relatively high logistics cost by instating a shipping
policy which includes shipping fees on some or all of the orders. This paper compares two
wide-spread shipping policies: fixed-fee shipping and threshold-based free shipping. The
authors contrast both policies’ influence on sales — aggregate as well as decomposed into
order value and order count — and returns. Regarding the latter, they investigate whether filler
purchases — purchases that make the order surpass the required threshold value for threshold-
based free shipping — explain contrasting return quotas. Insights are based on the analysis of a
unique database from a major European online retailer containing 26.21 million orders of
83.79 million items from 3.81 million customers and covering a broad range of product
categories. Results show that threshold-based free shipping leads to substantially higher
overall sales and more orders, while fixed-fee shipping leads to less returns, even though the
effect is not driven by filler purchases. Finally, a simulation shows that the positive effects
(on orders) of threshold-based free shipping likely outweigh the negative effects (on product

returns) under most conditions.

Keywords: online retailing; e-commerce; product returns; shipping policy; fixed-fee

shipping; threshold-based free shipping
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1. Introduction

Online retailing has grown heavily over the last two decades. While online retailers
do save on rent compared to traditional brick-and-mortar stores, they incur new logistical
costs. Every shipped and returned order needs to be handled separately, threatening to make
logistics costly (Bijmolt et al. 2019; Caro, Kok, and Martinez-de-Albéniz 2020). A popular
way to recover (part of) this cost for retailers is to make customers pay a shipping fee. A
shipping fee increases the price that customers have to pay for an order online, and usually is
either a fixed fee or a fee that increases or decreases in steps. Such fixed or variable shipping
fees may incentivize differing purchase and return behaviors (Lewis 2006; Shehu, Papies,
and Neslin 2020). As retailers strive to maximize orders while keeping returns low (Minnema
et al. 2018; Petersen and Kumar 2015) and customers are particularly reluctant to pay for
shipping fees (Smith and Brynjolfsson 2001), the choice of shipping fee policy should be
taken with care.

The differences between paid shipping policies are under-researched, in spite of
recent managerial interest (Retail Detail 2019), and no paper so far investigates the
consequential difference in returns, even though returns are crucial for profitability. In this
paper, we contrast two exemplary and widely used shipping fee policies: fixed-fee shipping
and threshold-based free shipping, i.e. shipping fees that are waived for bigger orders (e.g.
Lewis 2006). Thus, we contribute to prior research, notably by Lewis (2006) and, more
recently, by Lepthien and Clement (2019) and Sahoo, Dellarocas, and Srinivasan (2018), by
comparing two different paid shipping policies with regards to both orders and returns.

In the remainder of the paper, we first reason why customers are motivated to order
and return more with a threshold-based free shipping policy, and why it additionally may

lead to strategic behavior, i.e., customers ordering additional goods to reach the free-shipping



threshold. Those so-called filler purchases might either be to the benefit or detriment of the
retailer, depending on their return rate (Minnema et al. 2018). Next, we conduct an empirical
analysis using data from a natural experiment of a large European online retailer, which
recently changed its shipping policy from fixed-fee to threshold-based free shipping. Our
findings show that threshold-based free shipping does influence sales and the number of
orders, and substantively changes return rates. While the return rate in general is higher, filler
purchases are returned less rather than more compared to regular purchases. In a post-hoc

analysis, we further investigate such filler purchases and reasons why they are returned less.

2. Theoretical background

2.1. Research framework

A shipping fee is a mark-up on the price of an order to get the products delivered at
home. Depending on the shipping policy, this mark-up is a fixed fee (independent of the
order) or it is determined by characteristics of the order (like its value). For example, an order
of a book at €10 and a jacket at €100 might both have a shipping fee of €2.50 with a fixed-fee
policy, or of €5 and €0, respectively, with a threshold-based free shipping policy, a policy
whereby shipping cost is waived when the order value surpasses a certain threshold (e.g., €20
in this case). In addition, as the order size varies, the relative price increase per product
varies, too. In the example above, a shipping fee of €2.50 for a €10 book means a price
increase of 25% whereas a shipping fee of €2.5 for a €100 jacket only means a price increase
of 2.5% (Hess, Chu, and Gerstner 1996). This sort of price is a so-called partitioned price,

with a fixed partition (the original product price) and a variable partition (the price increase



due to shipping cost). Customers are very sensitive to variable price partitions, especially in
the case of shipping fees (Hamilton and Srivastava 2008; Smith and Brynjolfsson 2001).

In our research, we will focus on the difference between fixed fee shipping and a
threshold-based free shipping. The defining difference is that with threshold-based free
shipping, the shipping fee is waived for large orders. This difference, however, leads to
different incentives with regards to overall order amount (i.e., sales), order frequency, the
value of each order, and the return probability. As the research framework in Figure 1 shows,
we expect a range of effects based on that difference, which we will explain in detail in the

next sections.

X Sales
wl
+ Order frequency
Threshold-based free shipping H2
vs. fixed-fee shipping _
3 Order value

2
ﬁ{\ Return probability

Purchase type:

* Regular
* Filler

Fig.1. Research Framework: Expected effects of shipping policy

2.2. Embedding into prior research

Our paper positions itself in a stream of empirical work, which compares the effects
of different elements of shipping policies. Most research focuses on the effect of shipping
fees on orders (e.g. Lewis 2006; Lewis, Singh, and Fay 2006) but recently, three papers have

integrated product returns into the analysis (Lepthien and Clement 2019; Sahoo, Dellarocas,



and Srinivasan 2018; Shehu, Papies, and Neslin 2020). Table 1 provides an overview of the
main findings of prior work. Previous research focused either on free shipping and its
difference to other shipping policies or on parameters within one shipping policy. Little is
known concerning the differences between two paid shipping policies. Therefore, this paper
contributes to the stream of literature as it is the first to contrast the consequences of a
threshold-based free-shipping policy with those of a fixed-fee shipping policy on multiple
outcome variables. This wide array of dependent variables allows us to not only predict
atomic effects concerning one outcome but also to realistically compare two shipping policies

in their overall effect.

Table 1
Prior research regarding shipping fees
Paper DV v Relationship
order-related dependent
variables
Lewis (2006) Order frequency Shipping fee -
Lewis, Singh, and Fay Order frequency Free shipping (vs. threshold-based free +
(2006) shipping)
Lepthien and Clement Order frequency Free shipping threshold -
(2019)
Shehu, Papies, and Neslin Order frequency Free shipping (vs. fixed-fee shipping) +
(2020)
Lewis (2006) Order value (before returns) Penalizing larger orders -
Lewis (2006) Order value (before returns) Penalizing smaller orders +
Lewis, Singh, and Fay Order value (before returns) Free shipping (vs. threshold-based free -
(2006) shipping)
Lepthien and Clement Order value (before returns) Shipping fee +
(2019)
Lepthien and Clement Order value (after returns) Shipping fee +
(2019)
Shehu, Papies, and Neslin Ordering of riskier products Free shipping (vs. fixed-fee shipping) +
(2020)
return-related dependent
variables
Shehu, Papies, and Neslin Return probability Free shipping (vs. fixed-fee shipping) +
(2020)
Sahoo, Dellarocas, and Return probability Order value <$5 above free shipping -
Srinivasan (2018) threshold
Lepthien and Clement Return probability of Free shipping threshold +

(2019) “strategic returns”




2.2.1. Effects on product orders

Prior research shows that customers adapt how they order as a response to different
shipping fees incentives (Table 1). Higher shipping fees correlate with reduced ordering,
while fees penalizing a certain order size lead to a different order size (Lewis 2006).
Comparing concrete policies, free shipping leads to smaller and more frequent orders than
threshold-based free shipping (Lewis, Singh, and Fay 2006) and, in line with that, also more
frequent orders than fixed-fee shipping (Shehu, Papies, and Neslin 2020). For threshold-
based free shipping, a higher threshold leads to less orders (Lepthien and Clement 2019). In
addition to all aforementioned aggregate effects, shipping policies may also change what
customers order: Shehu, Papies, and Neslin (2020) find that customers tend to purchase more

products that are difficult to evaluate online with free shipping.

2.2.2. Effects on product returns

Prior research also shows that customers adapt how they return products as a response
to different shipping fees incentives — although insights are more limited. Free shipping leads
to more returns than fixed-fee shipping (Shehu, Papies, and Neslin 2020). Threshold-based
free shipping has been argued to lead to more returns due to strategic order and return-
behavior (Lepthien and Clement 2019). Conflicting with that proposition is that threshold-
based free shipping has been shown to lead to less returns for orders just above the free

shipping threshold (Sahoo, Dellarocas, and Srinivasan 2018).



2.3. Hypotheses

2.3.1. The influence of shipping fees on orders

There are two reasons, why we expect that fixed-fee shipping leads to lower sales
than threshold-based free shipping. First, with a fixed-fee shipping, the customer has to pay
the shipping fee for every order, regardless of order value, whereas with a threshold-based
free shipping, the shipping fee is waived for large orders. In other words, shipping is
potentially free and on average cheaper with threshold-based free shipping than with fixed-
fee shipping. In general, higher cost leads to less demand, since price elasticity is usually
negative (Bijmolt, Van Heerde, and Pieters 2005). In particular, shipping fees have been
found to be even more influential than regular price (Lewis 2006; Smith and Brynjolfsson
2001). Thus, we expect that fixed-fee shipping leads to less sales overall than threshold-based
free shipping due to higher average costs for the customers.

Second, with fixed-fee shipping, the more individual orders customers make, the
more shipping fees they have to pay. This incentivizes customers to distribute the same
product purchases among fewer orders, as this allows them to economize on shipping fees. A
practical way to do so is, to accumulate planned purchases by postponing them (which
customers are willing to do to save money, see e.g. Greenleaf and Lehmann 1995). We
therefore expect customers to postpone purchases with fixed-fee shipping. Postponement of
purchases, in turn, can lead to abandonment of purchases, e.g., because preferences change
(Stigler and Becker 1977) or because the purchase was made somewhere else in the
meantime. Abandoned purchases, in turn, have a detrimental effect on sales. The situation is
different for threshold-based free shipping: here, more orders do not generally equal more
shipping fees and customers have no incentive to postpone purchases beyond reaching the

free shipping threshold. Thus, we expect less abandoned purchases resulting in a less
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detrimental effect on sales. Therefore, when comparing both policies, we expect fixed-fee
shipping to lead to less sales than threshold-based free shipping. In sum, both arguments lead
to the following hypothesis:

H1: Threshold-based free shipping leads to higher sales compared to fixed-fee shipping.

Fixed-fee shipping may incentivize customers to delay purchases in order to distribute
them among (a) fewer and (b) larger orders and, thereby, reduce the total of due shipping
fees. For threshold-based free shipping, on the other hand, this is true only to a limited extent.
Once the order size is above the free shipping threshold, postponing and combining orders
does not further reduce total shipping costs. Therefore, threshold-based free shipping only
provides a constrained incentive for combining smaller into larger orders — until the free
shipping threshold is reach — whereas fixed-fee shipping provides an unconstrained incentive
for combining smaller into larger orders — because the higher the purchase value, the lower
the relative weight of the shipping fee. This results in the following two hypotheses:

H2: Threshold-based free shipping leads to more orders compared to fixed-fee shipping.
H3: Threshold-based free shipping leads to a lower average order value compared to fixed-

fee shipping.

2.3.2. The influence of shipping fees on returns

Fixed-fee shipping results in every order having to pay a shipping fee whereas
threshold-based free shipping results in many orders not having to pay a shipping fee. Having
to pay a non-refundable fee more often will lead to less returns for two reasons. The first
reason is similar irrational behavior as in comparable situations with sunk cost. When
customers decide to return their order, they have to write off the money spent on shipping

fees. Instead, they have a tendency to continue on their path, once an investment has been
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made, even if it results in financially detrimental outcomes (Carter, Kaufmann, and Michel
2007; Domeier, Sachse, and Schafer 2018). We expect customers to consider shipping fees as
money wasted when returning and therefore expect them to return less with fixed-fee
shipping, where shipping is always paid, than with threshold-based free shipping, where
shipping is regularly free. The second reason for expecting less returns due to a non-
refundable shipping fee is economic customer behavior due to costly re-ordering. Customers
might decide to return a product, if a product does not fully align with their preferences, and
re-order another one. However, the benefit of returning and re-ordering has to outweigh the
cost (Anderson, Hansen, and Simester 2009; Petersen and Kumar 2015), which is increased
by having to pay shipping fees. Therefore, if the ordered new product has only a slight
advantage over the returned old product, having to pay additional shipping fees might render
the exchange unattractive. Since fixed-fee shipping always results in shipping fees and
threshold-based free shipping does not, fixed-fee shipping more often renders returning
unattractive in such cases. In sum, based on both explanations, we expect that:

H4: Threshold-based free shipping leads to more returns compared to fixed-fee shipping.

Shipping fees might also influence what customers return. Threshold-based free
shipping is free when ordering above the threshold. Hence, as long as the order size is below
the threshold, customers have to compromise between paying the shipping fee or paying
more for the order itself — by ordering more. When the customer chooses the latter option and
orders an additional product in order to surpass the free-shipping fee threshold, we call this
purchase a “filler” purchase. Thus, we define a filler purchase as a purchase that was added to
the shopping basket at the end of the shopping trip, with the order value without it being
below the free shipping threshold and with it being above the free shipping threshold. From a

theoretical point of view, such filler purchases could be returned both less often than
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“regular”, i.e., non-filler purchases — or more often, and we formulate opposing hypotheses
about the effect.

On the one hand, customers have the possibility of economizing their purchase
behavior by adding a product to their order, which they can anticipate to purchase anyway in
the future, such as regularly purchased goods (e.g., beauty or sanitary products). Customers
can perceive such additional purchase as a smart bargain, because they spend their money on
a product instead of on shipping costs. Customers are prone to bargain hunting, which is the
biggest source of enjoyment in brick-and-mortar retail shopping (Cox, Cox, and Anderson
2005), especially when they perceive their own action as responsible for the lowered price
(Schindler 1989). If customers add regularly purchased goods to their order, returns of these
purchases are likely lower, since familiar purchases are returned less than unfamiliar
purchases (Petersen and Kumar 2009).

H5a: Threshold-based free shipping leads to less returns of filler purchases compared to

regular purchases.

There are also reasons for which filler purchases might be returned more often. First,
customers might intentionally plan to order and return a filler purchase and only order the
filler purchase to save shipping cost with a higher order value. Previous research shows that
customers are known to strategically abuse retailer policies for their personal gain (Wachter
et al. 2012) and this case provides a tangible gain without any risk. Customers could extend
their order by any random product, provided it lets the order surpass the free shipping
threshold, and thereby save out the shipping fee. A second, unrelated, explanation for higher
returns of filler purchases is that customer might decide spontaneously to order more when
confronted with the threshold-based free shipping. In this case, however, the resulting filler

purchases are unplanned purchases, which, being more likely to be regretted post-purchase
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(Saleh 2012) and therefore, have a higher return probability. In sum, we therefore

hypothesize that:

H5b: Threshold-based free shipping leads to more returns of filler purchases compared to

regular purchases.

3. Data

For this study, we have access to a unique dataset from a major European online
retailer. The dataset contains 26.21 million orders of 83.79 million items from 3.81 million
customers in a three years period (from July, 2017 to June, 2019). The assortment of the
retailer is broad and consists of, among others, fashion, furniture, electronics, and toys.
Fashion has the largest share, reflecting its popularity in e-commerce overall (Eurostat 2018),
but other product categories are far from insignificant in terms of economic value. Fig. 2

shows the distribution of orders among the retailer’s product categories.

30.0%

20.0%

Proportion

10.0%

0.0%

accessoires
baby
beachwear
beauty
electronics
garden
health
home
kids fashion
ladies fashion
lingerie
mens fashion
nightwear
other
shoes
sports
toys

Category

Fig. 2. Distribution of Purchased Products among Categories

In November, 2017, the retailer changed its shipping policy from fixed-fee shipping

with fees depending on the product category (e.g., €0 for laptops and printers, €1.95 for
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DVDs and software, and €5.95 for fashion and small domestic appliances, among others) to
threshold-based free shipping with a unified €2.95 shipping fee and a free-shipping threshold
of €20, This provides a valuable natural experiment for the effects of the shipping policy

change. The retailer continued to charge no additional cost for shipping of product returns.

3.1. Datasets and variables

For our analyses, we use two datasets. Table 2 presents an overview of the datasets
and variables used in our empirical study. The first dataset is at the daily level and contains
variables related to the online retailer’s sales. Here, we focus on three dependent variables:
sales, order count, and order value, all on a daily level. The focal independent variable for
these analyses at the daily level is an indicator variable for threshold-based free shipping that
allows us to compare the effect of threshold-based free shipping with fixed-fee shipping.
Besides, we include a range of control variables for weekday, month, and year. Since the firm
unified shipping fees across categories when introducing threshold-based free shipping —
resulting in an increased fee for some orders and a decreased fee for others — we group orders
according to the direction of shipping fee change. As a result, we have two time-series, one

for each group of orders.



Table 2

Dependent and independent variables used in the analysis

15

Variable

Definition

Summary

Dataset: Day level (n = 2,188)

sales;y°

order count;y’

order valueq

shipping policy;,
dayday,tv monthmonth,ta

Sales at day t (for orders in group g)

Count of orders at day t (for orders in group g)

Average order value at day t (for orders in group g)

Whether threshold-based free shipping is valid at day t (1), or not (0)

Whether (1) or not (0) day t is Monday, Tuesday, etc. / in February, March, etc. / in 2017, 2018,
or 2019

g = shipping fee up g = shipping fee down

avg: 2,946,583 avg: 243,511
(sd: 1,000,423) (sd: 103,020)
avg: 21,603.28 avg: 2,323.93
(sd: 7,270.24) (sd: 1,039.89)
avg: 137.16 avg: 106.92
(sd: 13.75) (sd: 20.810)

0: 11.32%, 1: 88.68%
see Fig. 3.

Dataset: Product-purchase level (n = 83,704,086)

returned,
shipping policy,

regulary, / filler,
fee_up, / fee_down,

price,'

category,
discounted,

basket size,”

last in basket,
dayday,py monthmonth,pa
and yearyesrp

age,’

gender e
crel_years,"

Whether product p is returned (1), or not (0)

Whether the product p was ordered on the threshold-based free shipping policy (1) or on a fixed-
fee shipping policy (0)

Whether product p is added to the order after all other products and lifts the shopping basket from
below the free-shipping threshold to above it (filler, = 1), or not (regular, = 1)

Whether product p’s category shipping fee increased (fee_up, = 1) or decreased with the shipping
policy change (fee_down, = 1)

Product price of product p

The category of product p

Whether product p has a discounted price when purchased (1), or not (0)

Count of products ordered together with product p

Whether product p is added to the order after all other products (1), or not (0)

Whether (1) or not (0) product p is purchased on Monday, Tuesday, etc. / in February, March,
etc. /in 2017, 2018, or 2019

Age of the customer of product p

Whether gender of the customer of product p is female (0) or male (1)

Length of patronage of the customer of product p in years

0:55.23%, 1: 44.77%
0: 8.52%, 1: 91.48%

regulary: 97.519%,
filler,: 2.49%

fee_up,: 7.05%,
fee_down,: 92.95%
avg: 42.81€ (sd: 69.25€)
see Fig. 2

0: 53.61%, 1: 46.39%
avg: 7.06 (sd: 7.00)

0: 68.71%, 1: 31.29%
see Fig. 3

avg: 42.91 (sd: 11.28)
0: 83.18%, 1: 16.82%
avg: 10.22 (sd: 8.84)

For estimation, variables are: ‘mean-centered, “subtracted by one, *on the (natural) logarithmic scale
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The second dataset is at the product-purchase level and contains variables related to
the product returns. The dependent variable “returned” indicates whether or not an individual
purchase was returned. Analyzing returns at the product-purchase level allows us to provide
insights both at the product level — the impact of purchase type (whether or not the product is
a filler purchase) and shipping fee change — and at the order level — whether or not the order
was placed with a fixed-fee or threshold-based free-shipping policy. We also control for other
aspects at the product level — price and product category —, at the order level — discounts,
order size, and whether or not the product was the last in the order, as well as day, month, and
year of the order — and at the customer-level — age, gender, and the length of the customer

relationship.

3.2. Model-free insights

sales (€) order count (#)
100 000

9 000 000 75 000

6 000 000 50 000

3000000 L T T T 25 000

order value (€) returns (%)
180 X 0.55

0.50

160

0.45
140

0.40
120

0.35

2017 2018 2019 2017 2018 2019
Date

= Average for fixed—fee or threshold-based free shipping Daily value

Fig. 3. Daily sales, order counts, order values, and return percentages
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Over-time plots of daily order and return variables (Fig. 3) indicate seasonal variation
plus an additional shift in value at the time when the shipping policy is changed. In line with
our hypotheses, threshold-based free shipping seems to increase daily sales, the number of
orders, and decrease order value in comparison with fixed-fee shipping. Specifically, the
mean daily value of all sales is €2.57m for fixed-fee shipping and €3.27m for threshold-based
free shipping (+€.70m); the daily number of all orders is 17,313 for fixed-fee shipping and
24,786 for threshold-based free shipping (+7,473); the average order size of all orders is
€148.12 for fixed-fee shipping and €132.22 for threshold-based free shipping (-€15.9); and
the daily percentage of returned products is 43% with fixed-fee shipping and 45% with
threshold-based free shipping. Hence, in general, the model-free evidence tends to support
our hypotheses, but it does not control for other explanatory factors, so we continue with

more detailed analyses of the data.

4. Methodology

We employ two sets of models: the first to analyze daily-level sales outcomes, i.e.,
sales value, order count, and order value, and the second, to analyze product-purchase level

product returns.

4.1. Analyzing sales, order count, and order value

For sales, order count, and order value, we use data at a daily level. This allows us to
identify the effect of the introduction of threshold-based free shipping while controlling for
seasonal effects. We analyze the daily data using cross-sectional time-series regression

models (StataCorp 2020). We account for changing shipping fees by fixed-effects and
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estimating the effect of threshold-based free shipping separately for the group of orders with
increasing and decreasing shipping fees. Besides, we control for day of week, month, and
year. In addition, we allow for autocorrelation in the error term. We estimate the same model
(denoted model I, see below) for all time-dependent outcome variables: daily sales, order

count, and order value:

Vgt =+ ﬁl,gspg,t + ZLZ=12 Bixi,t TVt &g
1) with g5, = pegr—1 +1g:, g € {up, down}, t € {0,1,...,1094},
for y, : € {logged sales,logged order count, order value}

where t is the day, g is the group of orders (with “up” consisting of orders with increasing
and “down” consisting of orders with decreasing shipping fees), sp, . is an indicator variable
for shipping policy at day t of group g (with threshold-based free shipping = 1, fixed-fee
shipping = 0), x;  with i = {2, 3, ..., 21} are the control variables for year, month, and
weekday, v, is the group fixed effect, and ¢, is the error term. We apply a log-
transformation to the dependent variables to deal with the long right-hand tail and make the

distribution more symmetric and Normal.

4.2. Analyzing returns

4.2.1. Base model

For product returns, we use data at the product-purchase level. This allows us to
control for the effect of purchase type (i.e., filler and regular purchases) and other purchase-,
product- and customer-level variables. To assess our hypothesized effects on the binary
dependent variable product return, we use three binomial logit regression models. First, we

start by estimating the influence of shipping policy on product returns in general, and
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compare returns with threshold-based free shipping to returns with fixed-fee shipping. We
control for whether the product belongs to the group with increasing or decreasing shipping
fees and include the interaction of this factor with threshold-based-free shipping indicator.
Additionally, we control for a range of additional purchase-level variables. This is our base
model for product returns.

logit(returnedp) = aypfee_up, + agownfee_down,,

(2) + B1upSPp X fee_upy, + B1,gownSPp X fee_down,,
+ Z:}:Z Bixi,p + Ep

where p is the product purchase, sp,, indicates shipping policy as before, fee_up,, and
fee_down, denote whether the shipping fee increased or decreased, x;,, are the control

variables for year, month, weekday, and product category, and &, is the error term.

4.2.2. Return probability for filler versus regular purchases
Second, we extend our base model by indicators for the type of product purchase, i.e.,
whether it is a regular or a filler purchase. In the resulting model, we compare the baseline
return probabilities (under fixed-fee shipping) with the return probabilities of filler and
regular purchases under threshold-based free shipping. The extended model is:
lo git(returnedp) = oypfee_up,

+ Qgownfee_down,

+ B1upSPp X fee_up, X filler,
3) + BoupSPp X fee_up, X regular,

+ BraownSPp X fee_down,, X filler,
+ B2,d0wnSPp X fee_down, X regulan,

+ 2?33 [))ixi,p + Sp

where the variables are defined similarly to before and we include an additional indicator for

whether product p is a filler purchase or regular purchase (denoted by filler, and regular,).
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Third, as a control for the findings of the second model, we estimate the effect of
threshold-based free shipping as well as fixed-fee shipping on returns of both purchase types.
In particular, we proceed by splitting coefficients oy, and a gy, 0f model (3) into two
coefficients each (@4,yp, @24p and @y gown, A2,40wn) — for distinguishing filler from regular
purchases with fixed-fee shipping. By doing so, we obtain

logit(returnedp) = (xl,up(l — spp) X fee_upy X filler,
+ ay.p(1 — sp,) X fee_up, X regular,
+ a3 gown(1 — spp) X fee_down,, X filler,
(4) + az_down(l - spp) X fee_down,, X regular,
+ BrupSPp X fee_upy, X filler, #
+ B2upSPp X fee_up, X regular,

+ BraownSPp X fee_down, X filler,
+ B2,a0wnSPp X fee_down, X regular,

+ 282 Bixip + &
where (1 — sp,,) is the reverse of indicator variable sp,, (i.e., having fixed-fee shipping = 1
and threshold-based free shipping = 0).

Model (4) has as a full factorial design for shipping policy (threshold-based free
shipping versus fixed-fee shipping) and purchase type (filler purchase versus regular
purchases). The further distinction between purchase types allows us to contrast “real” filler
purchases (i.e., goods that comply with the filler purchase definition and are purchased with
threshold-based free shipping) with purchases that are fully alike filler purchases without
being actual filler purchases (i.e., goods that comply with the filler purchase definition but are

purchased with fixed-fee shipping).
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5. Results

5.1. Effect of shipping fee on sales, order frequency, and order value

First, we find that threshold-based free shipping significantly increases daily sales,
considering the group of orders where the shipping fees decreased (model 1a in Table 3). The
increase is large with an effect size of .373 in logged sales (p <.001) or, by exponentiating
the coefficient, 45.21% in non-logged sales. The effect of threshold-based free shipping is not
significant for the group of orders where the shipping fee increased. The difference in effect
between both groups suggests that an increase in shipping fee alone would have a negative
effect on sales which is countered by threshold-based free shipping. In sum, we have partial
evidence in support of H1, which stated that threshold-based free shipping would lead to
more sales compared to fixed-fee shipping.

Second, we find that threshold-based free shipping significantly increases the daily
number of orders (model 1b in Table 3) for the group of orders where shipping fees
decreased. The increase amounts to .361 in the logged order count (p < .001) or, by
exponentiating, 43.58% in the non-logged order count. We do not find a significant effect
within the group of orders where shipping fees increased. As before, this is an indication for a
negative effect of increased shipping fees on the number of orders, which is parried by
threshold-based free shipping. In sum, there is partial evidence in support of H2, which stated
that threshold-based free shipping would lead to more orders compared to fixed-fee shipping.

Third, we find no evidence for a significant effect of threshold-based free shipping on
the daily average order value (model 1c in Table 3), though both groups of orders have a
consistent negative effect direction. Consequently, we cannot confirm H3, which stated that

threshold-based free shipping would lead to smaller orders compared to fixed-fee shipping.
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Influence of threshold-based free shipping on sales, order count, and order value

Dependent variable:

log of sales log of order count order value
(1a) (1b) (1c)

Constant 13.613*** (.019) 8.643*** (.019)  142.397*** (.950)
threshold-based free shippinGshipping fee up -.057 (.089) -.020 (.089) -3.298 (4.530)
threshold-based free shippingshipping fee down .373*** (,089) .361*** (,089) -2.665 (4.530)
year_2017 -.040 (.067) .051 (.067) -9.865** (3.409)
year_2018 -.201** (.069) .008 (.068) -22.789*** (3.489)
year_2019 -.166* (.080) 118 (.079)  -31.030*** (4.060)
month_feb -.039 (.053) -.037 (.054) 244 (2.725)
month_mar -.031 (.058) -.084 (.058) 7.350* (2.950)
month_apr .026 (.059) .007 (.059) 3.926 (3.011)
month_may .039 (.059) .057 (.059) -.130 (3.007)
month_jun -.027 (.060) .025 (.060) -3.865 (3.051)
month_jul .043 (.063) .112. (.063) -7.414* (3.210)
month_aug -.014 (.063) .054 (.063) -7.001* (3.202)
month_sep .104 (.063) .151* (.063) -2.622 (3.221)
month_oct .066 (.063) 114. (.062) -3.039 (3.181)
month_nov 127* (.063) .219*** (.063) -8.701** (3.202)
month_dec .134* (.059) 243*** ((059) -11.275*** (3.003)
day_tue -.027* (.011) -.030* (.012) .007 (.579)
day_wed 022 (.014) .020 (.015) -.041 (.738)
day_thu .011 (.016) -.004 (.016) 1.588* (.801)
day_fri -.039* (.016) -.070*** (.016) 3.365*** (.802)
day sat -512%** (014)  -504*** (015) -.554 (.737)
day sun -111*%** (.011) -127*%** (.012) 3.029*** (.579)
p (autocorrelation) 729 Jq17 726

ou (between-group std.-dev.) 1.512 1.357 20.99

oe (within-group std.-dev.) .190 194 9.715

R2 (within-group explained variance) 561 517 121

R2 (overall explained variance) .584 .549 227
Observations 2,188 2,188 2,188

F Statistic (df = 22;2164) 125.5%** 105.5%** 13.53***

*** p<.001, ** p<.01, * p<.05, standard errors in parentheses

Regarding control variables in the three models 1a-1c, we find significant effects of

various year, month and day control variables. First, sales decrease in 2018 and 2019. This

effect seems to be driven by a substantial and steady decrease in order value over time

instead of order count over time, as year has no significant effect on the logged order count.

Second, we find evidence for monthly variation in all models: Sales and the number of orders

show an increase especially in the last two months of the year, while the value of an order is

lowest during this period. Third, regarding days of the week, sales and the number of orders
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are lowest in the weekend and highest in the middle of the week, and the order value is
highest on Fridays. All models show high temporal autocorrelation (above .7). Finally, the
explained variance for each model is highly significant, though the model fit is considerably

higher for sales and order count than for order value.

5.2. Influence of shipping fee on product returns

5.2.1. Return probability across all products

Regarding the product-purchase level dataset, we find that threshold-based free shipping
significantly increases the return probability (model 2 in Table 4). This holds both for
products where shipping fees increased and for products where shipping fees decreased,
although the strength of the effect varies (.014, p = .034, for increasing shipping fees, and
.091, p <.001, for decreasing shipping fees). Transforming the log odds into probabilities®,
we get that expected product returns increase from 30.07% to 30.36% with threshold-based
free shipping and increased product shipping fees, and from 52.30% to 54.56% with
threshold-based free shipping and decreased product shipping fees. This is empirical support
in favor of H4, which stated that threshold-based free shipping would lead to more returns

compared to fixed-fee shipping.

! By taking the inverse logit function of the log odd of the baseline _Cxp(-8at)
1+exp(—.844)

= .3036. The remaining probabilities are

=.3007 and of the baseline plus

exp(—.844+.014)

the respective effect of threshold-based free shipping Trexp(_544+.014)

obtained similarly.
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Influence of threshold-based free shipping and type of purchase (filler versus regular) on

return probability

Dependent variable:

Returned Returned
(2) 3)

Constantsipping fee up -844*** (006)  -.857*** (.006)
Constantshippinq fee down .092*** (002) .087*** (002)
threshold-based free shippinGshipping fee up .014* (.006)

filler purchase X threshold-based free shippinGsnipping fee up - 131%** (.011)

regular purchase X threshold-based free shippinGsnipping fee up .018** (.006)
threshold-based free shippingshipping fee down .091*** (.002)

filler purchase X threshold-based free shippinGshipping fee down -.363*** (.003)

regular purchase X threshold-based free shippingsnipping fee down .098*** (.002)
Price .003*** (.000) .003*** (.000)
Discounted -.040*** (.001) -.039*** (,001)
basket size .052*** (,000) .051*** (,000)
last in basket -322%%% (001)  -.294%** (.001)
Age -004%** ((000)  -.004*** (.000)
gender_male -.253*** (,001) -.253*** (,001)
years of customer patronage .011*** (.000) .011*** (,000)
year_2017 .028*** (.001) .029%** (.001)
year 2018 .054*** (,001) .055*** (,001)
year 2019 .096*** (.001) .098*** (.001)
month_Feb .029%** (.001) .029%** (.001)
month_Dec .028*** (.001) .027%** (.001)
day_Tue .002* (.001) .002* (.001)
day_Sun -005%** (001)  -.005*** (.001)
cat_Accessoires -1.145*** (,001)  -1.141*** (.001)
cat_Toys -2.811%** (.004)  -2.799*** (.004)
Observations 83704086 83704086
Log-likelihood -49282562.71 -49254263.10
BIC 98565982.84 98509420.10

*** n<,001, ** p<.01, * p<.05, standard errors in parentheses

5.2.2. Return probability of filler and regular purchases under the threshold-based policy

Next, we estimate the effect on threshold-based free shipping on the returns of filler

purchases and regular purchases (model 3 in Table 4). Here, we find a significant effect of

threshold-based free-shipping policy for filler and regular purchases, but in opposite

directions. Filler purchases are returned significantly less with threshold-based free shipping
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whereas regular purchases are returned more. Again, the strength of the effect depends on
whether the product belongs to the group with increasing or decreasing shipping fees. For
filler purchases, returns decrease by -.131 (from 29.80% to 27.13%, p <.001) in the former
case and by -.363 (from 52.17% to 43.14%, p < .001) in the latter case. For regular purchases,
returns increase by .018 (from 29.80% to 30.17%, p =.005) and by .098 (from 52.17% to
54.61%, p <.001), respectively. These findings are supportive empirical evidence for H5a
(against H5b), which stated that, with threshold-based free shipping, filler purchases would

be returned less (more) than regular purchases.

5.2.2. A priori return probability of filler and regular purchases

Finally, we extend the previous model 3 by also distinguishing between products that
fall under the definition of regular and filler purchases within a fixed-fee shipping policy
(model 4). By doing so, we can uncover differences in return probability that might be an
outcome of the definition of the purchase type alone. As such, it helps us to understand to
what extent regular and filler purchases have a different return probability, regardless of the
shipping policy, and to what extent this difference is attenuated/mitigated by the introduction
of the new policy.

The results confirm and extend the findings of the previous model: purchases
classified as regular purchases have a higher inherent return probability than purchases
classified as filler purchases — with both shipping policies. The introduction of threshold-
based free shipping then further widens the gap between both types of purchases, i.e., it
further increases the return probability of regular purchases and decreases the return
probability of filler purchases. Concretely, for regular purchases, we observe an increase in

returns from 29.82% to 30.17% (-.856 to -.839 in log odds) and from 52.25% to 54.59%
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(.090 to .184 in log odds) for the product group with increased and decreased shipping fees,
and for filler purchases, we find a decrease in returns from 28.19% to 27.11% (-.935 to -.989
in log odds) and from 45.02% to 43.09% (-.200 to -.278 in log odds) for both product groups
(Table 5).

Table 5

Influence of shipping policy (threshold-based free shipping versus fixed-fee shipping) and
type of purchase (filler versus regular) on return probability in a full factorial design

Dependent variable:

Returned
(4)

filler purchase X fixed-fee shippinGsnipping fee up -.935%** (.047)
filler purchase X threshold-based free shippinGshipping fee up -.989*** (.009)
regular purchase X fixed-fee shippinGshipping fee up -.856*** (.006)
regular purchase X threshold-based free shippinGsnipping fee up -.839*** (.003)
filler purchase X fixed-fee shippinGshipping fee down -.200*** (.008)
filler purchase X threshold-based free shippinGshipping fee down -.278*** (.003)
regular purchase X fixed-fee shippinGshipping fee down .090*** (.002)
regular purchase X threshold-based free shippingsnipping fee down .184*** (,002)
Price .003*** (.000)
Discounted -.039*** (.001)
basket size .051*** (,000)
last in basket -.293*** (.001)
Age -.004*** (,000)
gender_male -.253*** (,001)
years of customer patronage .011*** (,000)
year 2017 .029*** (,001)
year_2018 .055*** (,001)
year_2019 .098*** (.001)
month_Feb .029*** (,001)
month_Dec .027*** (,001)
day Tue .002* (.001)
day_Sun -.005*** (,001)
cat_Accessoires -1.141*** (.001)
cat_Toys -2.799*** (,004)
Observations 83704086
Log-likelihood -49253549.63
BIC 98508029.64

*** n<,001, ** p<.01, * p<.05, standard errors in parentheses
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In order to test the significance of the difference in return probability due to purchase
type (i.e., filler and regular purchase) and shipping policy, we conduct post-hoc Wald tests
(Table 6).

Table 6
Wald test results for inequality of parameter estimates

Parameter Significance of difference (p-value Wald test)
vs. (@) (b) © d  @-) (b
filler purchase X fixed-fee shippinGshipping fee up (a) 257 .090
filler purchase X threshold-based free shippinGshipping fee up (b) | .257 <.001
regular purchase X fixed-fee shippinQsnipping fee up (c) | .090 .009
regular purchase X threshold-based free shippinGsnipping fee up (d) <.001 .009
(a)-(c) 139
(b)-(d) 139
vs. © ® () M @@ O-nh
filler purchase X fixed-fee shippinGshipping fee down (e) <.001 <.001
filler purchase X threshold-based free shippinGshipping fee down (f |<.001 <.001
regular purchase X fixed-fee shippingshipping fee down (9 [<.001 <.001
regular purchase X threshold-based free shippinQsnipping fee down (M) <.001 <.001
(OR() <.001
(M-(h) <.001

We find that influence of purchase type is significant in all cases, i.e., that regular
purchases are always returned less than filler purchases regardless of changes in shipping
policy and shipping fee (p<.001 to p=.090, conditions (a) vs. (c) and (b) vs. (d) as well as (e)
vs. (g) and (f) vs. (h) in Table 6). The influence of shipping policy is significant, i.e.,
increasing returns for regular purchases and decreasing returns for filler purchases (p < 0.001,
conditions (c) vs. (d) as well as (e) vs. (f) and (g) vs. (h) in Table 6) — except for such filler
purchases, where shipping fees increased (p=.257, condition (a) vs. (b) in Table 6). Finally,
by combining these effects, we find that threshold-based free shipping leads to a significantly

wider gap in return probability when shipping fees decrease and to a non-significantly wider
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gap when shipping fees increase (p < .001 and p=.139, conditions (a) - (c) vs. (b) - (d) in
Table 6). Thus, filler purchases have a significantly lower return rate than regular purchases,

and this difference increases under the threshold-based free shipping policy.

5.2.3. Product return model diagnostics

We find each new version of the return model performing slightly better than the
previous one, as indicated by a decreasing BIC. With regards to control variables, we find
very similar effects across all three models for product returns. Price, a larger shopping
basket size, and years of customer patronage have a significant, positive influence on return
probability, whereas a discount, being the last product in the shopping basket, an additional
year of age of the customer, and male gender have a significant, negative influence on return
probability. Product returns significantly increase each year and vary per month and product
category. Table Al and Table A2 in Appendix A show the estimates of model 3 and 4
including all control variables (i.e., encompassing all product category and month dummy

variables).

5.3. Post-estimation profiling of filler purchases
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Fig. 4. Price distribution of filler and regular purchases.
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In the previous section, we showed empirically that filler purchases have a distinct
return pattern — with a lower return rate than that of regular purchases — and that this pattern
is reinforced under the threshold-based free shipping policy. To further the understanding of
filler purchases and why they are returned less than regular purchases, we proceed with a
post-hoc analysis and contrast both types of purchases in terms of price and product
categories. First, regarding the price distribution, we observe that filler purchases have a
median price of €17.95 (mean: €25.63), which is substantially lower than the median price of
regular purchases of 29.95€ (mean: €43.25) and just below the free shipping threshold. The
histogram (Fig. 4) shows that filler and regular purchases have a roughly similar price
distribution with the important difference that filler purchases are much more likely to lie in
the €0-20 price range. Second, regarding product categories, we find that filler purchases
belong more often to product categories such as toys, health, and beauty, and less often to

ladies’ fashion, men’s fashion, and shoes, compared to regular purchases (Fig. 5).
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shoes
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Fig 5. Category distribution of filler and regular purchases.
In conclusion, both the price and product category distributions show that filler
purchases are distinct from regular purchases. Moreover, their different characteristics fit

well with our reasoning for why their return rate would be lower: categories in which filler
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purchases are overrepresented often contain products that are recurring purchases (e.g., the

categories health, beauty, and baby), or are purchased as gifts (toys).
5.4. Simulation of the impact of shipping policy on profitability

In our results, we find that the overall effect of the shipping policy change is
composed of both beneficial (i.e., higher sales) as well as detrimental (i.e., higher returns)
effects from the retailer’s perspective. In order to have an overall assessment of profit
implications, taking into account both beneficial and detrimental effects, we proceed to
simulate the effect of the shipping policy change on the one-year sales-based cumulative
profit. We vary both the profit margin and return processing cost, thus providing insights on
the circumstances under which a threshold-based shipping fee policy is relatively more/less
profitable compared to a fixed-fee shipping policy.

We calculate the overall change in one-year cumulative profits between the two
shipping policies as the sum of three components: (1) change in daily net sales (i.e., sales
excluding returns) times the gross margin, (2) change in daily received shipping fees, and (3)

change in daily cost of return handling®:

(5)  aProfit Jyear = ( Anetsales /day’ margin + A shippingfees / 4y — ATeturncost /day) . 365

ay

with the components calculated as follows:

1. We input the assumed margin directly (e.g., margin = 45%) and then calculate the

difference of net sales with threshold-based free shipping and net sales with fixed-fee

2 As our models are estimated at the daily level, we first determine the change in profit at the daily level, and
subsequently multiply with 365 (days) to obtain the total change in cumulative profit for the whole year.
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shipping. To obtain net sales, we predict sales from model (1a), calculate the
probability of not returning — using predicted product returns from model (2), as we
use overall return probability — and then multiply both values.
2. For the change in daily received shipping fees, we calculate the daily received
shipping fees for both fixed-fee shipping and threshold-based free shipping and
calculate their difference. We obtain daily received shipping fees by multiplying the
shipping fee per order under the respective shipping policy with the predicted number
of orders from model (1c).
3. For the change in daily cost of return handling, we calculate daily return cost with
fixed-fee shipping and subtract it from the daily return cost with threshold-based free
shipping. The daily return cost is the return processing cost (i.e., the cost of an
individual return) times the number of daily returns. We input the return processing
cost directly (e.g., return processing cost = €6) and calculate the number of daily
returns by multiplying the predicted number of daily orders from model (1c) with the
average number of products per order and with the predicted return probability from
model (2).
We present detailed calculations for each step in Appendix B. Fig 6. shows the resulting
difference in one-year cumulative profits based on a range of plausible return processing
costs and gross margins. We assume that the return processing cost is at least as high as the
current shipping fee (about €3) of our retailer and vary the profit margin around the reported
gross margin for online retailing (of 42.5%, Damodaran 2021).

We find that, across all return processing cost scenarios, retailers with average and
above-average gross margins always profit from introducing threshold-based free shipping,
even when return processing costs are high. In other words, in all included scenarios, these

retailers win when switching to this policy, and additional profits of doing so are substantial.
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When the profit margin is considerably below average, return processing cost should become
a consideration. However, even for retailers with below-average gross margins, threshold-
based free shipping is almost always more profitable. Only in case of very high return

processing costs (12 euro) and low margins (37.5%), fixed-fee shipping is the more profitable

option.
- Return processing cost €3 €6 . €9 . €12
S
o 43.03m
.2 €40m 38.49m
S 33.95m 33.90m
€ €30m 29.41m 29.36m
3 24.87m 24.82m 24.77m
:‘3‘ € 20m 20.28m 20.23m
Q 15.74m 15.69m 5.64m
o €10 11.15m 1.10m
g = o 6.61m .56m
= .02m
g eom
2 -2.53m
3 37.5% 40.0% 42.5% 45.0% 47.5%
< Gross margin
Fig. 6. Profitability of shipping policy change
6. Discussion

6.1. Conclusions

In this paper, we compared the consequences of two wide-spread shipping policies of
online retailers —threshold-based free shipping and fixed-fee shipping — on both purchases
and returns. Regarding purchases, we decompose overall sales into order value and order
count. Regarding returns, we investigate whether so-called filler purchases — purchases that
make the order value surpass the required threshold for threshold-based free shipping —
explain contrasting return quotas for fixed-fee and threshold-based free shipping. Insights

provided in this paper are based on the analysis of a unique dataset from a major European
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online retailer that contains information on 26.21 million orders of 83.79 million items from
3.81 million customers in a three years period (from July, 2017 to June, 2019), and covers a
broad range of product categories. Since the retailer introduced threshold-based free shipping
together with order-dependent shipping fee changes, we separately consider two groups of
purchases: those where shipping fees have increased, and those where shipping fees have
decreased.

Table 7
Summary of the findings

Hypothesis Findings

H1: Threshold-based free shipping leads to higher sales Partially supported
compared to fixed-fee shipping

H2: Threshold-based free shipping leads to more orders Partially supported
compared to fixed-fee shipping

H3: Threshold-based free shipping leads to a lower average order Not supported
value compared to fixed-fee shipping

H4: Threshold-based free shipping leads to more returns Supported
compared to fixed-fee shipping

H5a:  Threshold-based free shipping leads to less returns of filler Supported
purchases compared to regular purchases

H5b:  Threshold-based free shipping leads to more returns of filler ~ Not supported
purchases compared to regular purchases

The results are partly in line with what we predicted (Table 7). In partial support of
our theoretical argument, threshold-based free shipping is likely to increase sales and the
number of orders. We reasoned that fixed-fee shipping always results in shipping fees
whereas threshold-based free shipping policy is, as the name implies, potentially free.
Consequently, customers have to pay less shipping fees on average with threshold-based free
shipping. Since customers are very sensitive to price, in general, and shipping cost, in
particular, theory predicts that customers will order less with the more expensive policy, i.e.,
fixed-fee shipping (Bijmolt, Van Heerde, and Pieters 2005; Smith and Brynjolfsson 2001).

The empirical results show that there are more orders and, consequently, higher sales with
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threshold-based free shipping than with fixed-fee shipping for one group of orders. In
particular, for the group of orders with decreasing shipping fees, we find 45.21% higher sales
and 43.58% more orders. For the remaining orders — with increasing shipping fees, we find
no significant effect of threshold-based free shipping versus free shipping. The combination
of a large positive effect in the first group and the absence of a negative effect in the second
group (with increasing shipping fees) is likely evidence of an overall positive effect of
threshold-based free shipping on the number of orders and sales.

We find no evidence for our theoretical argument that threshold-based free shipping
would lead to orders with lower value. We theorized that fixed-fee shipping would be an
incentive for customers to delay purchases in order to distribute them among fewer and larger
orders and, thereby, reduce the total of due shipping fees. Threshold-based free shipping, on
the other hand, would only incentivize customers to delay purchases up to the free shipping
threshold, as a further delay does not reduce total shipping costs. Therefore, threshold-based
free shipping is a more constrained incentive for combining smaller into larger orders than
fixed-fee shipping and thus retains smaller orders. However, our results indicate that order
size (in terms of monetary value) is not influenced by shipping policy.

In addition, we find that the shipping policy influences return behavior. We expected
that threshold-based free shipping would increase returns for two reasons. The first reason is
irrational customer behavior with regards to sunk cost (Domeier, Sachse, and Schéfer 2018).
Shipping fees are non-refundable and therefore a sunk cost when returning. However,
customers tend to not admit that cost is sunk, because it appears wasteful (Arkes and Blumer
1985), and so they choose a course of action that avoids writing it off — the so-called
“Concorde fallacy” (Carter, Kaufmann, and Michel 2007). When keeping products instead of
returning them, customers do not have to write off shipping fees. Since fixed-fee shipping

more often necessitates writing off shipping fees than threshold-based free shipping, the
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former incentivizes keeping instead of returning more than the latter. The second reason for
expecting threshold-based free shipping to lead to more returns than fixed-fee shipping is
economic customer behavior with regards to the cost of re-ordering. When customers think
about returning a purchase and ordering a slightly different product, the benefit of returning
and re-ordering has to outweigh its cost (Anderson, Hansen, and Simester 2009; Petersen and
Kumar 2015). This cost is often lower with threshold-based free shipping, where shipping is
potentially free, than with fixed-fee shipping, where shipping is always paid, and therefore
the cost-benefit-ratio with the former more often permits returning than with the latter. Our
empirical results show that shipping policy influences returns. Threshold-based free shipping
slightly increases returns by 0.29% and 2.26%, depending on how shipping fees changed.
Therefore, in line with our theoretical argument, we find that shipping policy influences
returns, although effect sizes are small to moderate.

Besides, we find that the small, positive effect of threshold-based free shipping on
returning is both reversed and amplified for returning of filler purchases. Here, threshold-
based free shipping leads to less product returns. In particular, for filler purchases, returns
decrease between 1.08% and 1.93% due to the introduction of threshold-based free shipping.
A post-estimation analysis of filler purchases shows that categories in which such purchases
are overrepresented comprise many recurring purchases (e.g., health, beauty and baby
product categories) and gifts (toys product category). We hence find support for our
hypothesis that threshold-based free shipping would incentivize customers to order additional
products, which they would have ordered anyway but at a later point in time. Those products
have been shown to be likely regularly purchased products with a consequently lower return
rate (Petersen and Kumar 2009). We find no support for our opposite hypothesis that
threshold-based free shipping would lead to more returns of filler purchases due to customers

intentionally planning to order and return in order to abuse the shipping policy and obtain
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free shipping. While customers thus show intentional and planned behavior by ordering
distinct, less returned products as filler purchases, customers show no signs of malevolent

behavior by ordering and returning to circumvent shipping fees.

6.2. Managerial implications

Our paper compares the impact of two straightforward and widely used shipping fee
policies, fixed-fee shipping and threshold-based free shipping, on both purchases and returns,
and our findings have important managerial implications.

First, we find that threshold-based free shipping has the advantage of substantially
higher sales and more orders, while fixed-fee shipping leads to a lower return rate. Thus, our
findings indicate that threshold-based free shipping is in most circumstances advantageous
for the retailer. In a simulation, we find that a retailer with an average gross margin for online
retailing (of 42.5%, Damodaran 2021) makes higher profits with threshold-based free
shipping than with fixed-fee shipping with return processing costs per product of up to €12.
For retailers with lower gross margins, return processing costs are of greater concern and
very low margins coupled with very high return processing costs can make fixed-fee shipping
more profitable: in our simulation, only a retailer with a gross margin of 37.5% or less and
return processing costs of €12 or more, would be better off with fixed-fee shipping than with
threshold-based free shipping.

Second, we do not find evidence for strategic abuse of threshold-based free shipping
policies. Instead, threshold-based free shipping leads customers to order products, which they
anticipate to need anyway, as filler purchases and return those purchases less than their other

purchases. Since filler purchases are thus returned less than regular purchases, it would be
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beneficial for retailers to actively promote such purchases, e.g., by having a wish list function

or suggesting recurrently ordered products at the order checkout page.

6.3. Limitations and future research

Our study is based on the purchase and return data of several million customers over
the course of three years at a generalist online retailer. Even though the retailer is large and
carries an assortment that covers most products that a generally ordered online, it is still a
single retailer in one country. Therefore, repeating the analysis for different retailers in
different markets could give further support to our findings. In addition, having only data
from one retailer prevents us from observing customer switching behavior. Therefore, we
cannot say whether the increase in sales from our retailer is paralleled by decreased sales
from its competitors. Finally, we do not find evidence for customers circumventing
threshold-based free shipping using filler purchases, on average. A laboratory experiment

might help to shed light on possible boundary conditions for such strategic behavior.
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Influence of threshold-based free shipping and type of purchase (filler versus regular) on

return probability (full table)

Dependent variable:

returned returned
(2) (3)

Constantsipping fee up -.844*** (.006) -.857*** (.006)
Constantshippmg fee down .092*** (002) .087*** (002)
threshold-based free shippingsnipping fee up .014* (.006)

filler purchase X threshold-based free shippinGssispina fee u» - 131%** (,011)

regular purchase X threshold-based free shippinGshinping fee un .018** (.006)
threshold-based free shippingsnipping fee down .091*** (.002)

filler purchase X threshold-based free shippinGsniopina fee down -.363*** (.003)

regular purchase X threshold-based free shippinQshipping fee down .098*** (.002)
Price .003*** (.000) .003*** (.000)
Discounted -.040*** (.001) -.039*** (.001)
basket size .052*** (,000) .051*** (.000)
last in basket -.322*** (.001) -.294*** (.001)
Age -.004*** (.000) -.004*** (.000)
gender male -.253*** (,001) -.253*** (,001)
years of customer patronage .011*** (.000) .011*** (.000)
year 2017 .028*** (.001) .029*** (.001)
year 2018 .054*** (,001) .055*** (.001)
year_2019 .096™** (.001) .098*** (.001)
month Feb .029*** (,001) .029*** (.001)
month Mar .029*** (.001) .028*** (.001)
month_Apr -.015*** (.001) -.016*** (.001)
month May -.029*** (.001) -.030*** (.001)
month_Jun -.024%** (001) -.025%** (.001)
month Jul -.069*** (.001) -.068*** (.001)
month_Aug -.040*** (.001) -.040*** (.001)
month Sep .067*** (.001) .066*** (.001)
month Oct .079*** (.001) .078*** (.001)
month_Nov .055*** (,001) .053*** (.001)
month Dec .028*** (.001) .027*** (.001)
day Tue .002* (.001) .002* (.001)
day Wed .004*** (.001) .004*** (.001)
day Thu .001 (.001) .001 (.001)
day_Fri -.008*** (.001) -.008*** (.001)
day Sat .000 (.001) -.000 (.001)
day_Sun -.005*** (.001) -.005*** (.001)
cat Accessoires -1.145*** (.001) -1.141*** (.001)
cat_Baby -1.384*** (,002) -1.379*** (.002)
cat Beachwear .345%** (,001) .348*** (,001)
cat Beauty -2.105*** (.004) -2.099*** (.004)
cat_Electronics -2.204*** (,002) -2.201*** (.002)
cat Garden -2.236*** (.004) -2.234*** (,004)
cat_Health -2.427%** (.010) -2.419%** (.010)
cat Home -2.026*** (.001) -2.021*** (.001)
cat Kids fashion -.961*** (.001) -.959*** (,001)
cat_Lingerie - 787*** (.001) -, 784*** (.001)
cat Mens fashion -.617*** (.001) -.617*** (.001)
cat_Nightwear -.926*** (.002) -.920*** (.002)
cat Other -9.126*** (.447) -9.145%** (.447)
cat_Shoes -.216*** (.001) -.219%** (.001)
cat Sports -.500*** (.001) -.500*** (.001)
cat_Toys -2.811*** (.004) -2.799*** (.004)
Observations 83704086 83704086
Log-likelihood -49282562.71 -49254263.10
BIC 98565982.84 98509420.10

*** n<.001, ** p<.01, * p<.05, standard errors in parentheses



Table A2

Influence of shipping policy (threshold-based free shipping versus fixed-fee shipping) and
type of purchase (filler versus regular) on return probability in a full factorial design (full

table)

Dependent variable:

returned
4
filler purchase X fixed-fee shippindshinina fee un -.935%** (,047)
filler purchase X threshold-based free shippinGsniosing fee uo -.989*** (.009)
regular purchase X fixed-fee shippinGsniping fee up -.856*** (.006)
regular purchase X threshold-based free shippingsnipsing fee us -.839*** (,003)
filler purchase X fixed-fee shippinGshipping fee down -.200*** (.008)
filler purchase X threshold-based free shippinQsniosing fee down -.278*** (.003)
regular purchase X fixed-fee shippinQsnipping fee down .090*** (.002)
regular purchase X threshold-based free shippingshinping fee down .184*** (.002)
Price .003*** (.000)
Discounted -.039*** (.001)
basket size .051*** (.000)
last in basket -.293*** (.001)
Age -.004*** (.000)
gender male -.253*** (,001)
years of customer patronage .011*** (.000)
year 2017 .029*** (.001)
year 2018 .055*** (.001)
year 2019 .098*** (.001)
month Feb .029*** (.001)
month Mar .028*** (.001)
month Apr -.016*** (.001)
month May -.030*** (.001)
month_Jun -.025*** (.001)
month Jul -.068*** (.001)
month_Aug -.040*** (.001)
month Sep .066*** (.001)
month Oct .077*** (.001)
month_Nov .053*** (.001)
month Dec .027*** (.001)
day Tue .002* (.001)
day Wed .004*** (.001)
day Thu .001 (.001)
day_Fri -.008*** (.001)
day Sat -.000 (.001)
day_Sun -.005*** (.001)
cat_Accessoires -1.141*** (,001)
cat_Baby -1.379*** (.002)
cat Beachwear .348*** (.001)
cat Beauty -2.099*** (,004)
cat_Electronics -2.201*** (.002)
cat Garden -2.235*** (,004)
cat_Health -2.419*** (,010)
cat Home -2.021*** (.001)
cat Kids fashion -.959*** (.001)
cat_Lingerie -.784*** (.001)
cat Mens fashion -.617*** (.001)
cat_Nightwear -.920*** (.002)
cat Other -9.146*** (.447)
cat_Shoes -.219%** (.001)
cat Sports -.500*** (.001)
cat Toys -2.799*** (.004)
Observations 83704086
Log-likelihood -49253549.63
BIC 98508029.64

*** n<.001, ** p<.01, * p<.05, standard errors in parentheses
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Appendix B

Profitability simulation

We calculate the overall change in one-year cumulative profits between the two
shipping policies as the sum of three components: (1) change in daily sales (excluding
returns) x the gross margin, (2) change in daily received shipping fees, and (3) change in
daily cost of return handling:

(B1)

Apmfit/year - (A netsaleS/day X margin + Ashippingfees/day _ Areturncost/day) % 365
where we calculate the individual parts as follows:

1. The first part of the overall calculation consists of multiplying the difference in daily
net sales (i.e., post-returns) with an assumed margin. We input the assumed margin
directly (e.g., margin = 45%) and then calculate the difference of net sales with
threshold-based free shipping (abbreviated as tbfs) and net sales with fixed-fee
shipping (abbreviated as ffs). Since we estimated baseline sales and the effect of tbfs
separately for categories with rising and falling shipping fees, we need to calculate

2x2 net sales values:

A netsales /d
ay

(B2)

netSalestbfs,shippingfeedown netsaleStbe.ShiDpingfeeuI’
day day

netsales, s,shipping feedown netsales, s,shipping feeu w
( Ffsshippingfeed /day+ ffsshippingf p/day/
Since sales estimations from model (1a) includes returned items, we need to calculate

net sales first. We do so by multiplying predicted sales from model (1a) with the
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probability of not returning — using predicted returns from model (2). This needs to be
done for all four netsales values from the last equation:

netsales ippi sales, ippi
ffs.shippingfeedown _ tbfs,shippingfeedown _
(83) /day - /day X (1 prob—returnsffs,shippingfeedawn)

B4 netsalestbfs shipping feedown Salestbfs shipping feeup
( ) day = day X (1 — prob_returnstbfslsmppmgfeeup)

- Salesffs,shippingfeedown/

B5 netsaless ¢ sninpi
( ) ffs.s menngeup/ day X (1 _ pTOb—Teturnsffs,shippingfeedawn)

day

BG netsales inDDi sales inDi
bfs,shi ,sh -p urn.
( ) tbfs,s lppmgfeeup/ ffs.s lppmgfeeup/ % (1 rob_ret T Stbfs,shippingfeeup)

Now, we proceed to predict sales and returns. First, we predict sales using the
estimates of model (1a) using (a) the baseline sales + (b) effect of tbfs, if applicable +
(c) effect of control variables. In particular, we only include (b) when calculating
sales with threshold-based free shipping and we include (c) as: 1/, of each year

covariate, 1/,, of each month covariate, 1/, of each day covariate, and e-tcaeoon:

total_orders
times each category i covariate:

(B?) SaleSffs,shippingfeedawn/

day = exp(o(shippmgfee_ + covariates)

(BS) Salestbfs,shippingfeedown/d

ay = exp(ashippingfeedown + Btbfs,shippingfeedawn + covariates)

(Bg) Salesffs,shippingfeeup/d

_ exp(Asnippingfeeup + COVAriates)

(BlO) salesy s shippi .
fsshippingfeeup day = exp(ashippingfeeup + ﬁthfs,shippingfeeup + covarlates)

16 .
Z orders_in_category;

total_orders

category_i

3 11 6
1 1 1
with: covariates = ZZ .Byeur,i + EZ Bmanth,i + ;Z ﬁduy,i +
=1 i=1 i=1

i=1

Second, we predict returns. We calculate the four prob_returns using the estimates of the

logit model (2) and, besides, proceed similarly as for the prediction of sales:
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(Bll) Prob_returnssss shippingfeedown = logit’l(ashippmgfeedown + covariates)
(BlZ) prob—returnStbfs,shippingfeedawn = loyitil(ashippingfeedown + Btbfs,shippingfeedawn + Covariates)

(Bl?)) Prob_returnssss shippingfeeup = logit’l((xshippmgfeeup + covariates)

(B14)

- i1 P
prob—returnstbfs,shippingfeeup - lOglt (ashippingfeeup + Btbfs,shippingfeeup + CDU[ZT'lthES)

with: covariates as defined above but using the estimates of the return model

2. The second part of the overall calculation consists of the change in daily received
shipping fees. Here, we calculate the daily received shipping fees for both the ffs and
tbfs policies and take the difference of both. Again, we need to do this two times — for
categories where shipping fees decreased and for categories where shipping fees

increased — and add the results:

A shippingfees/d
ay

Shippingfeestbfs,shippingfeedown/ + Shippingfeestbfs,shippingfeeup/
day day

(B15)

ShippingfeeSffs,shippingfeedown/

+ Shippingfeesffs,shippingfeeup/
day d

ay

Each part of the equation is calculated by: (a) the applicable shipping fee x (b)
predicted number of orders:

(816) Shippingfeesffs,shippingfeedown/

day = fe effs,shippingfeedown X C0unt—ordersffs,shippingfeedawn

(Bl?) Shippingfeestbfs shipping feedown
day = feetbfs,shippingfeedown X CUunt—orderstbfs,shippingfeedown

(818) Shippingfeesffs,shippingfeeup/

day = feeffs,shippingfeeup X CUunt—ordersffs,shippingfeeup

(Blg) Shippingfeestbfs,shippingfeeup/

day = feecbfs,shippingfeeup X C0unt—orderstbfs,shippingfeeup

For (a), we calculate the average observed shipping fee for the respective orders, i.e.,

the average shipping fee for (1) orders with threshold-based free shipping in
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categories where shipping fees decreased, (2) orders with threshold-based free

shipping in categories where shipping fees increased, etc.:

feeffs,shippL‘ngfeedmy»nL = 6.297€
feetbfs,shippL‘ngfeedmy»nL =.098€
feeffs,shippingfeeup =.766€
feerprs shippingfeeup = -247€

For (b), we get the number of daily orders using the estimates of model (Ic), similar to

how we did the first two predictions:

t d S
(BZO) count_or ersffg,smppmgfeedown/day — exp(ashippingfeedown + covariates)

(821) count_orderspsg shippi
= ,Shipping feedown _ .
day - exp(ashippingfeedown + ﬁtbfs,shippingfeedown + covarlates)

B22 count_orders ippi
( ) - ffs,shlppmgfeeup/day = €xp(ashippingfeeup + Covariates)

(823) count_orders,yrs shivpi i
fs,shipping feeup day = exp(ashippingfeeup + Bevfs,shippingfeeup T covanates)

with: covariates as defined above but using the estimates of the count order model

The third part of the overall calculation is the change in daily cost of return handling.
We calculate this part by subtracting the daily return cost with fixed-fee shipping

from the daily return cost with threshold-based free shipping:

(B24) A TELUTNCOStoym /day _ TetUrncostsm, epys /day _ Teturncostsyn frs /day

where each part is (a) cost-per-return x (b) number-of-daily-returns with ffs or tbfs.
We input (a) as fixed numbers (e.g., returncostyer rerurn = €6 ) but do not have
(b). We can calculate (b) by: the estimate of the number of daily orders x number of
products per orders x the return probability of a product. Again, we need to do this
separately for ffs and tbfs policies and for rising and falling shipping fees. We thus

get:
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TetUrncoStay, rrs /
day

(825) = returncostyer return

X \prob—returnsffs,shippingfeedown X 0rdersizeffs,shippingfeeduwn

X Count—ordersffs,shippingfeedown
day

count_ordersssg shippi \
: = ,shipping feeup
+ prob_returnsy s shippingfeeup X OTACTSIZEsfg spippingfeeup X da y)

returncostsymprs /
day

(826) = TetUrncostyer return

X (prob—returnstbfs,shippingfeednwn X orders lzetbfs,shippingfeedown

X Count—orderscbfs,shippingfeedawn
day

count_orders.y s shippi
; - fs,shippingfeeup
+ prob_returnsy, s snippingfeeup X 0TACTSIZe1y rg shippingfeeup X

day

For the number of products per order, we calculate the average value for the

respective orders with the following result:

ordersizes s shippingfeedown = 3-619
ordersizeg, s shippingfeeaown = 3-351
ordersizessg shippingfeeup = 1.388

ordersizey, s snippingfeeup = 1-593

For the return probability, we use the values predicted in the first step.
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