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Abstract 

Online retailers vary product prices over time, in order to influence customer purchase 

behavior. Problem is, customers might also change their return behavior based on observed 

and paid prices. Price reductions thereby potentially affect returns both of purchases made 

during the price reduction and of purchases made before the price reduction but which are 

still eligible for returning. This study investigates the influence of price reductions on product 

returns using a unique database of a large European online retailer containing more than 83.7 

million purchases and more than 37.5 million returns in over 300 product categories. Results 

show that price reductions can both foster and lower product returns, depending on prior 

customer behavior. While price reductions lead to more returns for customers that have 

returned due to a price reduction before, price reductions lead to fewer returns for customers 

that have not returned due to a price reduction before. For search goods, utilitarian and gift 

categories, these effects are weakened. We discuss managerial implications based on the 

result that accounting for the impact of price reductions on product returns helps online 

retailers to increase their profitability. 

 

 

 

 

 

Keywords: Online retailing, product returns, e-commerce, promotion, discount, survival 

model 

 

  



   3 

Introduction 

Online retailers dynamically adapt prices for promotional or strategic reasons in order to 

respond to demand changes, inventory level, and competitors’ prices (Elmaghraby and 

Keskinocak 2003; Fisher, Gallino, and Li 2018; Grewal 2011; Grewal et al. 2010). While 

numerous studies have shown that a decrease in price fosters sales (Bijmolt, Van Heerde, and 

Pieters 2005; Gupta 1988) and changes price and brand perception (e.g. Blattberg, Briesch, 

and Fox 1995; Rao 2009), the influence of price reductions on product returns has received 

much less attention – even though product returns are crucial for the profitability of online 

retailers (Minnema et al. 2018). 

When shopping online, customers first have to decide whether or not to order the 

product, and once they have received the product whether or not to keep it, as they usually 

have the ability to return products without any reason within a certain period of time 

(Consumer World 2018), which, in some jurisdictions, is even legally required (European 

Union 2011). Price reductions may influence these product returns in two ways. First, a price 

reduction can potentially influence returns of purchases that were made during a price 

reduction (Petersen and Kumar 2009) – i.e., purchases for which the customer has paid less 

than the regular price. In addition, there is some evidence that post-purchase price reductions 

can also influence returns of purchases made before a price reduction (Bandi et al. 2018) – 

i.e., purchases for which the customer has paid a higher price than the post-purchase reduced 

price. That is, price promotions might accidentally motivate customers to return within the 

return period, thereby possibly replacing the regular-price product with the same product, 

newly ordered at a reduced price.  

With this study, we contribute to the literature by examining the effects of price 

reductions (a) during or (b) after the product purchase on the customer’s decision to keep or 

return the product. In addition, we assess the role of prior customer return behavior in this 
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process, and investigate to what extent these effects hold across a range of product categories, 

depending on category characteristics. In particular, we address the following research 

questions: 

 To what extent are products more (or less) likely to be returned when they are 

purchased during a price reduction? 

 To what extent are products more (or less) likely to be returned when there is a price 

reduction after the purchase? 

 To what extent do customers become used to return products with either price 

reduction condition? 

 To what extent are the effects of price reductions different across product categories, 

and which category characteristics have an impact on these differences? 

We approach our research questions with a very large and unique database, containing 

more than 80 million purchases in over 300 product categories during a period of three years 

from a major European generalist online retailer. The database contains most product 

categories that are popular in online retailing, and allows identifying both the strength and 

direction of the effect of price reductions on returns in general, as well as category-specific 

effects. It thus provides a rich set of empirical generalizations on the effects of price 

reductions on product returns and important managerial insights for the contemporary online 

retailing environment. 

Theoretical background 

The customer purchase decision is part of a multi-step customer buying decision process 

(e.g., Kotler et al. 2019). Before purchasing a product, customers search for information and 

evaluate alternatives. After purchasing a product, customers obtain and evaluate their 

purchase and possibly return it (Bijmolt et al. 2019). Price reductions are influential in both 
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pre- and post-purchase steps (Bijmolt, Van Heerde, and Pieters 2005; Cooke, Meyvis, and 

Schwartz 2001) and might in both cases influence returning.  

Price reductions during (pre-)purchase 

Before customers purchase a product, they search for information and evaluate 

alternatives. Here, the product price plays a crucial role. A reduced price – due to a temporary 

price promotion or a permanent price decrease from the original price – during (pre-)purchase 

renders previously unaffordable products affordable and extends the choice set, on a 

consumer level (Howell, Lee, and Allenby 2016). As a consequence, on an aggregate level, 

price reductions generally increase short-term sales (Bijmolt, Van Heerde, and Pieters 2005; 

Gupta 1988).  

Price reductions, however, likely also have an impact on return behavior. On the one 

hand, when the product does not fully match customers’ expectations, a lower purchase price 

could convince customers to keep the product. Petersen and Kumar (2009) have empirically 

shown that products on sale are returned less than regularly priced products. In addition, and 

more generally, products with a higher price are returned more (Hess and Mayhew 1997). 

Therefore, price reductions might result in lower return rates. On the other hand, however, 

price reductions can increase impulse buying (Kacen, Hess, and Walker 2012; Xu and Huang 

2014). Impulsively purchased products, in turn, might be more susceptible to be returned. 

Therefore, price reductions might also result in more returns. In sum, we propose two 

competing hypotheses for the effect of price reductions on product returns: 

H1a: Customers are more likely to return a product that is purchased during a price 

reduction. 

H1b: Customers are less likely to return a product that is purchased during a price reduction. 
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Price reductions after purchase 

After purchasing a product, customers obtain and evaluate their purchase and, as a result 

of the evaluation, might return the product. At the evaluation stage, price reductions that 

came into effect after the purchase, might still be seen by customers and influence product 

evaluation and consequently returning. This is likely driven by two distinct processes. 

The first process relates to strategic customer behavior. Customers might be aware of the 

fact that product prices are dynamic over time. For example, after a purchase is made, 

customers are often still exposed to cookie-based online advertising for products they have 

been looking for in the recent past, also from the retailer at which they made the purchase, 

possibly with a lower price than they paid. An economic and rational customer could 

consequently monitor the post-purchase product price of a purchase and factor it into the 

decision of whether or not to return the product. If a post-purchase price reduction is 

substantial, such a customer will want to return – and re-order – their purchase because it 

allows for saving money. This line of reasoning has been posited by Khouja, Ajjan, and Liu 

(2019) and Bandi et al. (2018) and the resulting returns have been termed “opportunistic 

returns”. Bandi et al. (2018) have shown that returns and re-purchases are happening in 

practice. Since opportunistic returns can only happen when there is a post-purchase price 

reduction, we expect post-purchase price reduction to increase returns. 

A second processes leading to increased returns due to post-purchase price reductions 

relates to dissonance-reducing behavior: after purchase, customers evaluate their purchase by 

comparing perceived performance with prior expectations (Kotler et al. 2019). When 

expectations are not fully met, customers try to confirm the value of their purchase by outside 

sources and thereby reduce dissonance (Mitchell and Boustani 1994). One effective way to 

do so is to read other customers’ reviews (Liu et al. 2019) on the site of the retailer. By that, 

customers, who are already on the fence of keeping or returning the product, are prone to 
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discover post-purchase price reductions. Post-purchase price reductions are a prototypical 

example of inducing a feeling of regret (Cooke, Meyvis, and Schwartz 2001; Simonson 1992; 

Tsiros and Hardesty 2010; Zeelenberg and Pieters 2007). Regret “is the emotion that we 

experience when realizing or imagining that our current situation would have been better, if 

only we had decided differently” (Zeelenberg and Pieters 2007, p. 3). A reduced price creates 

a salient, lower price reference, customers will perceive their own, higher, purchase price as 

unfair (Campbell 1999) and experience regret. In addition, the willingness to purchase the 

product at its regular price can decrease (Chang, Gao, and Zhu 2015) and customers might 

want to undo their current purchase, as regret leads to “strong wishes to undo the current 

situation” (Zeelenberg and Pieters 2007, p. 3). In sum, price reductions post-purchase are 

expected to increase product returns. 

H2: Customers are more likely to return a product with a post-purchase price reduction. 

Prior returners of products with reduced prices 

Human beings have the tendency to repeat past behavior (Neal et al. 2012). Customer 

behavior is no exception: research shows that customers show recurring behavior with 

regards to purchases, response to promotions, and product returns (Petersen and Kumar 2009, 

2015; Shah, Kumar, and Kim 2014). In line with this, once customers have started to return 

products that are reduced in price during or after purchase, they may continue to do so. 

Prior returners of products with reduced prices during purchase 

First, for purchases during a price reduction, we hypothesized above that they could lead 

to both more or less returns. The argument for increased returns is that price reductions 

during purchase lead to more impulse purchases, which have a higher chance to be returned 

(Kacen, Hess, and Walker 2012; Xu and Huang 2014). The tendency of impulse buying has 

been linked to a consumer’s personality traits by numerous studies (e.g. Sharma, 

Sivakumaran, and Marshall 2010; Wells, Parboteeah, and Valacich 2011). In a meta-analysis, 
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Amos et al. (2014) find that dispositional factors (i.e. relatively permanent personal 

predispositions) and the interaction between dispositional and situational factors are the two 

strongest predictors of impulse buying. This supports the notion that some customers are 

more prone to purchase products with a reduced price on an impulse than other customers, 

and, by consequence, are more likely to regret and return the product. And if they have done 

so in the past, they are – due to the stability of dispositional traits – more likely to do so in the 

future: 

H3: Customers are more likely to return a product purchased during a price reduction, the 

more they have returned products purchased during a price reduction, in the past. 

Prior returners of products with reduced prices after purchase 

For returns due to price reductions after purchase, customers will likely show recurring 

behavior, too. In general, customers habitually respond to promotions (Shah, Kumar, and 

Kim 2014). Some customers might develop a habit to look out for price reductions after 

purchase in order to return and re-purchase a product, i.e., they unconsciously and 

automatically re-visit the online retailer after the purchase and find post-purchase price 

reductions. Automatic, unconscious processes “drive the bulk of consumer behavior” (Martin 

and Morich 2011, p. 493). According to Shah, Kumar, and Kim (2014), the habit of 

responding to promotions and the habit of returning are significantly and positively 

correlated. We hypothesize that customers learn to return products with a post-purchase 

reduced price and therefore are more likely to return a product with a price reduction after 

purchase, when they did so in the past: 

H4: Customers are more likely to return a product with a post-purchase price reduction, the 

more they have returned products with a post-purchase price reduction, in the past. 
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Product category heterogeneity 

The influence of price reductions on returns – whether during purchase or post-purchase 

– likely varies across categories. That is because category characteristics influence (a) the 

customer buying and return process, and (b) the perceived value of a price reduction (Bell, 

Chiang, and Padmanabhan 1999). For example, if there is a price reduction in categories with 

consumable products (e.g. diapers or cosmetics), customers can decide to stockpile additional 

products, whereas they will be less likely do so in categories with durable products (e.g. 

furniture) and instead send the product back to benefit from a lower price (Macé and Neslin 

2004). 

Extant literature provides a whole range of category characteristics that influence 

customers’ buying and/or return processes, and that thus may also have a moderating effect 

on the influence of price reductions (during or after purchase) on product returns. We classify 

these characteristics into three groups. The first group comprises category characteristics that 

arise solely from the products itself (bulky, durable, search good, and seasonal). The second 

group includes category characteristics related to the main reasons for customers to purchase 

or use the product (gift, hedonic, and utilitarian). Finally, the third group deals with category 

characteristics that arise not from any individual product but all products combined, i.e., the 

assortment (average price, number of articles, and number of brands). Regarding product 

features, products being bulky, durable, search goods, or seasonal might alter the impact of 

price reductions on returning. Returning bulky products is more effortful and a lower price 

needs to outweigh the effort of returning (Kim and Wansink 2012). Durables, on the other 

hand, are not suited for stockpiling and customers need to send products back in order to 

make use of a price reduction (Krishna 1994; Macé and Neslin 2004). Search goods can be 

evaluated before purchase, possibly diminishing the role of price reductions to reduce regret 

and, as a consequence, return propensity (Hong and Pavlou 2014; Petersen and Kumar 2009). 
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Seasonal products have the highest value at the beginning of the season and a returning for 

getting a price reduction must outweigh the additional delivery time (Soysal and 

Krishnamurthi 2012). But, purchase of seasonal products is prone to regret (Petersen and 

Kumar 2009) and thereby could have a higher return rate – especially so, if regret is increased 

by a price reduction after purchase. 

Regarding product use, products purchased given as gifts, being hedonic or being 

utilitarian might alter the impact of price reductions on returning. Gifts are often impractical 

to return (Petersen and Kumar 2009), and cost savings might generally be less important as 

gifts are seen as symbols for relationship value (Larsen and Watson 2001). Although it is 

impossible to know whether a certain product was gifted, certain product categories are more 

likely given as gifts whereas others are “deemed inappropriate” (Larsen and Watson 2001), 

justifying the inclusion on the category level. Hedonic product spending is usually harder to 

justify than utilitarian product spending (Okada 2005), possibly increasing the relevance of 

price reductions for wanting to keep (for purchases made during price reductions) or return 

the product (for purchases with post-purchase price reductions). 

Regarding the product assortment within a category, the average price and the number of 

articles and brands might have an influence, since higher number of brands and articles lead 

to increased trial of new products due to price reductions (Bawa, Landwehr, and Krishna 

1989) which, in turn, may increase uncertainty and return probability. Higher category 

pricing, finally, increases the importance of price reductions and might strengthen the effect 

of price reductions on dis- or encouraging returns. 

To our knowledge, this is the first paper to investigate the impact of product 

heterogeneity in terms of product category characteristics on the relationship between (post-

purchase) price reductions and return behavior. Since our effort is to a large extent 

exploratory and includes a broad set of category characteristics with theoretical evidence 
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sometimes being sparse, we abstain from formulating hypotheses and approach this as an 

empirical question. 

Data 

Sample 

To assess the impact of price reductions on product returns, we base our empirical 

analysis on a vast and unique database of a large European online retailer. The retailer sells a 

wide range of products in numerous categories, including fashion, electronics, home 

appliances, cosmetics, and furniture. 

Our data consists of three sets of information. First, we have order and return data of all 

the retailer’s clients over a period of 3 years (from the third quarter of 2016 until the second 

quarter of 2019). In this period, customers made more than 83.7 million purchases and more 

than 37.5 million returns of over 565,000 unique products. For every order, we have detailed 

order and product information (e.g., date, delivery fee, product category, price, price 

reduction during purchase), and basic demographic customer information (age, gender). All 

orders can be associated to a unique customer, which allows us to follow individual purchase 

and return histories. We use a one-year initialization period to set variables pertaining to 

customer’s prior return behavior (see below), and use the remaining two years of data for 

model estimation.  

Second, we have daily pricing information – including regular and current (potentially 

reduced) price – of all products during the observational period, amounting to several billion 

price points in total. Each product price is coupled with a unique product identifier, which 

allows associating the first dataset with the second. In accordance with the length of the 

return period, we link the records of the product purchases with product prices starting from 

the date of the order until 31 days after the order. 
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Lastly, we have a category-level dataset on category characteristics. This dataset includes 

qualitative information on whether a product category is durable (or consumable), frequently 

gifted, seasonal, utilitarian, hedonic, bulky, and consists of search good (or experience 

goods). These characteristics have been evaluated on a binary basis for each category by 

three independent expert judges. All three judges agreed in 51% of the cases, and in the other 

49% majority judgment was followed. In addition to the manually-coded category 

characteristics, we derive category-level control variables from the order dataset. These 

variables include the number of articles in the category, the number of brands in the category, 

and the average product price in the category, which we include as standardized variables 

(i.e., mean-centered and divided by the standard deviation). 

Per category, we use a sample of up to 100,000 orders (less, if the category contains 

fewer orders). In addition, we exclude categories with a very low number of orders (< 

10,000). The exclusion of the latter is warranted given their proneness to unstable estimation 

results due to multicollinearity and other data issues. Its impact on the overall estimates is 

limited as these categories represent less than 2% of all orders. 

Variables 

For our analysis of product returns, we have a range of purchase- and category-level 

variables at our disposal. First and most importantly, we observe whether or not a product has 

been purchased during a price reduction, and whether or not there is a price reduction after 

the purchase. Both variables are based on three variants of the product price: the regular 

price, the current price, and the purchase price. The regular price is based on the 

recommended retailer price and is relatively static. The current price is the daily fluctuating 

price of the product based on promotional choices and rebates by the retailer. The purchase 

price is the price that the customer paid for a product and is thus equal to the current price at 

the time of purchase. We define a purchase during a price reduction as the situation in which 
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the purchase price is lower than the regular price. A post-purchase price reduction, in turn, is 

defined as the situation in which the current price is lower than the purchase price. This 

varies per day, since the current price also varies per day (see Figure 1). 

 

 

Figure 1: Diagram of how the regular price, current product price, and purchase price lead 

to a purchase during a price reduction and price reductions post-purchase 

 

In addition, we calculate several ‘prior behavior’ variables, which indicate whether a 

customer (1) returned any purchase before, (2) returned a purchase that was made during a 

price reduction before, or (3) returned a purchase during a post-purchase price reduction 

before – and potentially could do the same with the current purchase. In particular, that 

means that, for (2), the purchase needs to be made during a price reduction and, for (3), there 

needs to be a price reduction post-purchase (see Table ). 

We differentiate whether or not a customer engaged in the respective behavior in the past 

at all, i.e., one time or more (‘prior returner’ variables), and next whether customers engaged 

in the respective behavior in the past lightly, i.e., one or two times (‘light returner’ variables), 

versus whether customers engaged in the respective behavior in the past heavily, i.e., three or 

more times (‘heavy returner’ variables). 
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Furthermore, we observe several control variables at customer and order level. Customer 

control variables are age and gender, and order control variables include information about 

the order size, delivery cost, and several seasonality controls. For the analysis of category 

effects, we have information about category size, price level, and a range of manually coded 

category characteristics. 

Table 1: Dependent and independent variables used in the analysis 

Variable Definition Data summary 

Purchase-level variables   

Return (at day t) Whether or not the purchase was returned (at day t of 

the return period) 

Frequency: 

Mean t: 

SD t: 

32.79% 

11.01 days 

5.24 

Purchase during price 

reduction 

If the purchase price is lower than the regular price Freq.: 49.47% 

Price reduction post-

purchase (at day t) 

If the current price at day t is lower than the purchase 

price 

Mean: 

SD: 

3.34 days 

6.62 

Prior returner with: 

purchase during price 

reduction 

If the purchase price is lower than the regular price 

and the customer has returned a purchase with a 

purchase price lower than the regular price before 

Freq.: 33.37% 

Light returner with: 

purchase during price 

reduction 

If the purchase price is lower than the regular price 

and the customer has returned a purchase with a 

purchase price lower than the regular price 1-2 times 

before 

Freq.: 6.20% 

Heavy returner with: 

purchase during price 

reduction 

If the purchase price is lower than the regular price 

and the customer has returned a purchase with a 

purchase price lower than the regular price 3 or more 

times before 

Freq.: 27.17% 

Prior returner with: 

price reduction post-

purchase (at day t) 

If the current price at day t is lower than the purchase 

price and the customer has returned a purchase with a 

current price lower than the purchase price before 

Freq.: 5.62% 

Light returner with: 

price reduction post-

purchase (at day t) 

If the current price at day t is lower than the purchase 

price and the customer has returned a purchase with a 

current price lower than the purchase price 1-2 times 

before 

Freq.: 1.81% 

Heavy returner with: 

price reduction post-

purchase (at day t) 

If the current price at day t is lower than the purchase 

price and the customer has returned a purchase with a 

current price lower than the purchase price 3 or more 

times before 

Freq.: 3.82% 

Basket price Total price of products ordered together with the 

product 

Mean: 

SD: 

205.27 

263.76 

Basket size Total number of products ordered together with the 

product 

Mean: 

SD: 

5.77 

6.30 

Purchase price Product purchase price Mean: 

SD: 

50.28 

99.17 
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Delivery fee Cost of delivering the order Mean: 

SD: 

.08 

.47 

Year2 Whether the order was placed in the second year of 

the two-year estimation period 

Freq.: 48.63% 

Month2, Month3, …, 

Month12 

If the order was placed in February, March, …, 

December 

Freq.: 4.62% - 

10.41% 

Customer-level variables   

Prior returner If the customer has returned any purchase before Freq.: 76.68% 

Light returner If the customer has returned 1-2 purchases before Freq.: 9.23% 

Heavy returner If the customer has returned 3 or more purchases 

before 

Freq.: 67.45% 

Age Customer’s age (mean-centered) Mean: 

SD: 

42 years 

11.61 

Gendermale Whether customer’s gender is male female: 

male: 

80.08% 

19.92% 

Category-level variables   

Product features   

Durable Category with: Products that are usually used 3 years 

or longer (dummy variable) 

Freq.: 41.48% 

Bulky Category with: Products that are difficult to handle 

due to size or weight (dummy variable) 

Freq.: 9.92% 

Search good Category with: Products with attributes that can 

almost fully be evaluated online before purchase 

(dummy variable) 

Freq.: 58.52% 

Seasonal Category with: Products with large seasonal demand 

fluctuations (dummy variable) 

Freq.: 13.49% 

Product use   

Gift Category with: Products often purchased as a gift 

(dummy variable) 

Freq.: 9.92% 

Hedonic Category with: Products purchased mainly for 

pleasure or fun (dummy variable) 

Freq.: 39.44% 

Utilitarian Category with: Products purchased mainly for a 

functional task (dummy variable) 

Freq.: 53.18% 

Assortment related   

Average price Average price of product purchases product in the 

category 

Mean: 

SD: 

58.85 

93.93 

Number of articles Number of articles in the category (that were 

purchased at least once during the observation period) 

Mean: 

SD: 

1351.25 

2653.55 

Number of brands Number of brands in the category (that were 

purchased at least once during the observation period) 

Mean: 

SD: 

38.66 

35.16 
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Methodology 

Our primary aim is to study the effect of price reductions on product returns. While 

product return data have been used by several papers before (e.g. Hess and Mayhew 1997; 

Minnema et al. 2016; Petersen and Kumar 2009), no earlier product return paper, to our 

knowledge, assessed the effect of a dynamic independent variable that varies along the return 

period. This introduces an additional modelling challenge, as we will discuss below. 

Base duration model 

The dependent variable product return and the independent variable price promotions can 

both take multiple values during the return period, i.e., at any day 𝑡 =  [1, … , 31] after 

purchase. For example, a purchased product might have two price reductions, first from day 1 

to 10 and then from day 20 to 30 after purchase – while being returned at day 10. Our model 

then needs to account for a possible influence of the first price reduction on the product 

return but not of the second price reduction, as it happened after the return and thus cannot 

have an impact on the return probability anymore. 

A simple way to model product returns as a binary outcome variable is using a logit 

model. This could be done by aggregating the data over the return period into one 

observation per purchase (returned yes or no), or by including each day after the purchase up 

to the day of the product return or end of the return period as independent observations. 

However, both approaches lead to biased estimates
1
. 

As a solution, we use a survival model, which can naturally incorporate time-varying 

information in the dependent and independent variables (Aalen, Borgan, and Gjessing 2008). 

                                                 

1
 First, when aggregating daily post-purchase price reduction information over the whole return period into a 

single variable, returns at any day dR would partly be explained by price reductions at day di > dR, going against 

causality. On the other hand, when aggregating post-purchase price reduction information only up to the day of 

return dR, we would risk a biased estimate: over time, both the aggregated chance of returning and the 

aggregated chance of price reductions increase, resulting in a spurious positive relationship. Second, treating 

each day as independent biases the standard error – and either goes against causality, when including the whole 

return period, or gives purchases a different weighting, when only including days up to the product return. 
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The survival rate S(t) refers to the expected proportion of individuals who did not yet 

encounter an event – in our case returning a product – at time t, i.e., 

𝑆(𝑡) = 𝑃(𝑇 > 𝑡)
𝑇: random variable denoting the time before return#(1)

 (possibly infinite)
 

which can be transformed into the hazard rate 𝜆(𝑡), 

𝜆(𝑡) = −
𝑆′(𝑡)

𝑆(𝑡)
= lim

𝑑𝑡→0

1

𝑑𝑡

𝑃(𝑡 ≤ 𝑇 < 𝑡 + 𝑑𝑡)

𝑆(𝑡)
, #(2)  

where S’(t) is the derivative of the survival rate S(t), i.e., 

𝑆′(𝑡) =
𝑑

𝑑𝑡
𝑆(𝑡). #(3)  

Intuitively, the hazard rate 𝜆(𝑡) denotes the probability of the event, i.e., a product return, 

happening in t and is conditional on not having returned in the past (Aalen, Borgan, and 

Gjessing 2008; Klein 2014). Thereby, it accounts for the fact that the event – i.e., a product 

return – can only happen once. 

Survival regression models can be formulated in several ways. The most commonly used 

Cox model has the restriction of proportional hazard ratios, i.e., that a covariate has the same 

relative effect over time (Klein 2014). For example, if a price reduction after 5 days increases 

product returns by 10%, so would a price reduction after 25 days. This restriction is not 

sensible in our case (and ignoring it could lead to serious bias, see e.g., Box-Steffensmeier 

and Jones 2004; Hosmer, Lemeshow, and May 2008). Therefore, we resort to a spline-based 

model, as originally suggested by Royston and Parmar (2002), which allows for non-

proportional hazards.  

Royston and Parmar’s (2002) model incorporates survival as a spline function for the 

baseline hazard plus a sum of splines for 1, … , 𝐷 time-dependent effects (thus allowing for 

non-proportional hazards) plus all time-independent effect of covariates 𝒙 multiplied by the 

coefficients 𝜷: 
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ln (−𝑙𝑛(𝑆(𝑡; 𝒙))) = 𝑠(ln(𝑡) |𝜸) + ∑ 𝑠(ln(𝑡) |𝜹𝒋)𝑥𝑗

𝐷

𝑗=1

+ 𝒙𝜷#(4)  

where the spline function 𝑠(⋅) is defined as 

𝑠(ln(𝑡) ; 𝒑) = ∑ 𝐵𝑘

𝐾

𝑘=1

(ln(𝑡))𝑝𝑘#(5)  

and 𝐵𝑘(ln(𝑡)) is a natural spline basis with K degrees of freedom (Clements 2019; Royston 

and Lambert 2011). This model is a generalization of the Weibull parametric survival model 

with the benefit of allowing for non-monotonic hazards. We allow for time-dependent effects 

for all focal variables using the most flexible functional form of each effect over time. 

Analysis models 

Using the model from equation (4) as a basis, we formulate three models to estimate the 

effect of price reductions on product returns. First, we estimate the general effect of price 

reductions on product returns. Thus, in this model, we do not distinguish between customers 

who have returned earlier or not. Based on equation (4), the our first model (I) then is: 

ln (− ln (𝑆(𝑡; 𝒙,𝒕,𝒊))) = 𝑠(ln(𝑡) |𝜸) + 𝑠(ln(𝑡) |𝜹𝟏)𝑥1,𝑖 + 𝑠(ln(𝑡) |𝜹𝟐)𝑥2,𝑡,𝑖 + 𝒙,𝒕,𝒊𝜷#(6)  

with: 

𝑡, 𝑖: days since purchase for a purchase 𝑖, 

𝜸: vector of baseline spline coefficients, 

𝜷: vector of intercept and coefficients for all included variables, 

𝒙,𝒕,𝒊 = (1, 𝑥1,𝑖, 𝑥2,𝑡,𝑖, 𝑥3,𝑖, … , 𝑥22,𝑖): vector of a constant and variables with data for 

purchase 𝑖 at time 𝑡 and particularly: 

𝑥1,𝑖, 𝑥2,𝑡,𝑖: Whether or not the product has been purchased during a price 

reduction; the product price is reduced (further) at day 𝑡 

𝜹𝟏, 𝜹𝟐: vectors of spline coefficients for time-dependent effects of the focal variables 

𝑥1,𝑖 and 𝑥2,𝑡,𝑖, respectively. 
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Second, we assess whether prior returners, i.e., customers who have been returning 

products with a price reduction before, behave differently to other customers. Therefore, we 

extend model (I) by two additional variables, pertaining to prior returning with price 

reductions. That is, we extend 𝒙,𝒕,𝒊 by 𝑥23,𝑖, 𝑥24,𝑡,𝑖: Whether or not the customer has returned a 

product purchased at a reduced price before and the product is purchased during a price 

reduction; the customer has returned a product with a post-purchase price reduction before 

and the product price is reduced (further) at day 𝑡. As before, we allow the effect of both 

variables to vary over time and, therefore, include two additional spline functions. We denote 

the resulting model as model (II). 

Third, we assess which customers drive the effect of prior returners. For that, we split 

prior returners into light returners, who have returned one or two times, and heavy returners, 

who have returned three or more times. That is, we replace 𝑥23,𝑖 and 𝑥24,𝑡,𝑖 from model (II) 

by four new variables 𝑥25,𝑖, 𝑥26,𝑡,𝑖, 𝑥27,𝑖, 𝑥28,𝑡,𝑖. First, the variables 𝑥25,𝑖 and 𝑥26,𝑡,𝑖 indicate: 

whether or not the customer has returned a product purchased at a reduced price 1-2 times 

before and the product is purchased during a price reduction; whether or not the customer has 

returned a product with a post-purchase price reduction 1-2 times before and the product 

price is reduced (further) at day 𝑡. Second, the variables 𝑥27,𝑖 and 𝑥28,𝑡,𝑖 indicate: whether or 

not the customer has returned a product purchased at a reduced price 3 or more times before 

and the product is purchased during a price reduction; whether or not the customer has 

returned a product with a post-purchase price reduction 3 or more times before and the 

product price is reduced (further) at day 𝑡. Again, we allow the effect of these variables to 

vary over time and include the related spline functions. We denote the resulting model as 

model (III). 
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Model estimation 

We estimate models (I)-(III) separately for purchases in each product category. Using 

per-category estimation, we are able to use a combined sample that is 10 to 100 times larger 

than when estimating one model for all categories together
2
. For estimation, we have to set 

the degrees of freedom of the spline parameters. We follow recommendations by Royston 

and Lambert (2011) and start with K = 5 degrees of freedom for the splines in most 

categories and then reducing the degrees of freedom in small categories, where otherwise 

there would be identification issues. We exclude a number of smaller product categories from 

the analysis where one of the models does not converge and/or shows near-perfect correlation 

between predictor and outcome, reducing the number of categories from 404 to 386. 

Then, we use the estimated models to predict the difference each independent variable 

makes for the dependent variable, the product returns. That is, we predict the survival 

difference (i.e., the increase/decrease in non-returns) at the end of the entire return period due 

to a one-unit change in that variable during the entire return period. 

Practically, we employ the implementation of R’s rstmp2 package for estimation and 

prediction, including its implementation of the delta method to arrive at point predictions and 

standard errors for the predicted values (see Clements 2019; Royston and Lambert 2011). 

Post-estimation cross-category heterogeneity analysis 

Finally, to investigate (a) effect sizes across categories and (b) the influence of category-

level characteristics, we use the survival estimates (Equation (6)) of the survival models as 

the dependent variable in weighted meta-regressions. We have two meta-regressions models. 

First, we seek an overall cross-category estimate of the effect size of each variable, i.e., the 

                                                 

2
 Available working memory limits the data size to a maximum of about 1,000 purchases per category when 

estimating all categories together in one model, instead of 10,000-100,000 purchases per category using separate 

per-category estimation. 
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cross-category survival difference. For that, we regress an intercept on survival difference 

due to a change in each variable 𝑣𝑖: 

𝚫𝑺𝒗𝒊
 ̂ = 𝟏𝛼𝑣𝑖

+ 𝜺𝒗𝒊
#(7)  

for each variable 𝑣𝑖 in model (I)-(III). For time-varying variables, we calculate the difference 

in survival due to a change from baseline (0, 0, … ,0), i.e., a vector of zeros for all days 

𝑡 = [0,31], to 𝒙∗ = (1, 1, … , 1). Furthermore, we weigh each observation by its standard 

error. 

Second, we assess the influence of category-level characteristics depending on prior 

customer behavior. For that, we extend the prior regression model by including category-

level predictors: 

𝚫𝑺𝒅𝒊
 ̂ = 𝟏𝛼𝑑𝑖

+ 𝒛𝒅𝒊
𝜷𝒅𝒊

+ 𝜺𝒅𝒊
#(8)  

and estimate this model for variables 𝑑𝑖 of the most encompassing survival model (III), i.e., 

the survival differences due to price reductions during or after purchase for light returners, 

heavy returners and customers who have not returned before. In sum, we therefore have six 

meta-regressions with this extended meta-regression model. 

Results 

We first present the main effects of price reductions during purchase and after purchase 

on the probability of keeping the product from model (I). Next, we present the effects of price 

reductions during purchase and post-purchase while accounting for the moderation effect of 

prior return behavior in general from model (II) and prior return behavior when 

differentiating between light and heavy returners from model (III). In the last section of the 

results, we show the effects of category-level moderators (Table Table 5). 
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Immediate effects of price reductions on returning 

Table 2 presents the results for the effect of price reductions on the probability of keeping 

(i.e., not returning) a purchase in general. We find that whether or not a purchase is made 

during a price reduction has no significant different probability of being kept (-.1 percent 

points, n.s.), and that a price reduction after the purchase has a small positive effect on 

keeping the product (0.3 percent points, p < .001), providing no empirical evidence for H1a, 

H1b, or H2. 

Table 2: The influence of price reduction on product returns, when not including recurring 

return behavior 

Survival difference (no product 

return) due to… 
ΔS Std. err. t value p value   

Purchase during price reduction  -.001  .001  -1.426  .155  

 Price reduction post-purchase  .003  .001  4.652  < .001  ***  

Prior returner  -.062  .004  -15.465  < .001  ***  

Gendermale .008  .001  12.728  < .001  ***  

Age  .000  .000  2.182  .030  *  

Purchase price  .000  .000  -6.905  < .001  ***  

Delivery fee  .006  .001  8.367  < .001  ***  

Basket size  -.002  .000  -15.950  < .001  ***  

Basket price  .000  .000  -12.233  < .001  ***  

Year3 -.002  .001  -3.065  .002  **  

Month2 -.003  .001  -5.173  < .001  ***  

Month3 -.003  .001  -4.843  < .001  ***  

Month4 .003  .001  3.046  .002  **  

Month5 .002  .001  2.863  .004  **  

Month6 .000  .001  .237  .813  

 Month7 .009  .001  9.259  < .001  ***  

Month8 .006  .001  7.309  < .001  ***  

Month9 .003  .001  4.170  < .001  ***  

Month10 -.001  .001  -1.318  .188  

 Month11 .003  .001  4.737  < .001  ***  

Month12 .010  .001  13.128  < .001  ***  

Note: ∗ p<.05; ∗∗ p<.01; ∗∗∗ p<.001 

 

While price reductions thus have no strong effect overall, we find that prior customer 

return behavior, in general, is influential: When a customer has returned before, the 

probability of keeping the current purchase is substantially decreased (6.2 percent points, p < 

.001). The remaining control variables generally show small influences on return behavior. 

Male customers and older customers have a higher chance of keeping the product. A delivery 
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fee and the overall basket price increase the probability of keeping a product while product 

price and basket size decrease the chance of keeping the product slightly. When the purchase 

is in the second year of the estimation period, the probability of keeping the purchase is 

slightly lower. Months of the year can slightly increase or decrease the chance of keeping the 

product. 

Influence of prior return behavior 

Table 3 presents insights on the extent to which customers’ prior return behavior with 

price reductions alters the effect of price reductions on the probability of keeping (i.e., not 

returning) a purchase. While a purchase made during a price reduction has a higher chance of 

being kept (2.2 percent points, p < .001) compared to a purchase not made during a price 

reduction, this only holds for customers that have not returned such a purchase in the past. 

Having returned a purchase made during a price reduction in the past, decreases the chance of 

keeping such a purchase (-3.4 percent points, p < .001) and thereby reverses the overall 

effect. Therefore, we find support for H1b and H3. 

A similar picture emerges for price reductions post-purchase. A purchase with a post-

purchases price reduction has a higher chance of being kept (2.2 percent points, p < .001), but 

prior returning of a purchase with a post-purchase price reduction lowers (-4.2 percent points, 

p < .001) and reverses the overall effect. Therefore, we find support for H4 but no support for 

H2. As before, returners of any prior purchase have a lower probability of keeping the current 

purchase (5.9 percent points, p < .001). 

Regarding other control variables, the effects are similar to the previous model. Delivery 

fee, male gender and age significantly increase the chance of keeping the purchase while 

product price, basket size, basket price and purchasing in the second year of the estimation 

period significantly decrease the chance of keeping the product. Months of the year, again, 

have small positive or negative effects. 
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Table 3: The influence of price reductions on product returns, when including recurring 

return behavior 

Survival difference (no product return) due to… ΔS Std. err. t value p value   

Purchase during price reduction  .022  .001  20.673  < .001  ***  

Price reduction post-purchase  .022  .001  16.063  < .001  ***  

Prior returner with: purchase during price reduction
1
 -.034  .002  -21.557  < .001  ***  

Prior returner with: price reduction post-purchase
2
 -.042  .002  -21.362  < .001  ***  

Prior returner  -.059  .004  -15.908  < .001  ***  

Gendermale .009  .001  12.867  < .001  ***  

Age  .000  .000  2.159  .031  *  

Purchase price  .000  .000  -6.638  < .001  ***  

Delivery fee  .007  .001  8.862  < .001  ***  

Basket size  -.002  .000  -17.227  < .001  ***  

Basket price  .000  .000  -12.443  < .001  ***  

Year3 -.001  .001  -2.275  .023  *  

Month2 -.003  .001  -4.336  < .001  ***  

Month3 -.003  .001  -4.424  < .001  ***  

Month4 .003  .001  3.454  < .001  ***  

Month5 .003  .001  3.226  .001  **  

Month6 .001  .001  .789  .431  

 Month7 .010  .001  9.381  < .001  ***  

Month8 .007  .001  7.435  < .001  ***  

Month9 .003  .001  4.052  < .001  ***  

Month10 -.001  .001  -1.332  .184  

 Month11 .003  .001  4.383  < .001  ***  

Month12 .012  .001  14.039  < .001  ***  

Note: ∗ p<.05; ∗∗ p<.01; ∗∗∗ p<.001 
1
Purchase is during a price reduction and the customer has returned in such a case before 

2
Purchase is followed by a price reduction and the customer has returned in such a case before 

 

Influence of prior return behavior for light and heavy returners 

In a next step, we split the effect of prior returners into an effect of light prior returners 

(who have returned one or two purchases) and of heavy prior returners (who have returned 

more three or more purchases) to investigate which customers predominantly drive the 

previously observed effect. The results presented in Table 4 show that heavy returners drive 

the effect of prior returners while light returners are more similar to customers who have not 

returned before. 
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Table 4: The influence of price reductions on product returns; when differentiating between 

novice and experienced returners 

Survival difference (no product return) due to… ΔS Std. err. t value p value 
 

Purchase during price reduction  .013  .001  16.976  < .001  ***  

Price reduction post-purchase  .014  .001  13.507  < .001  ***  

Light returner with: purchase during price reduction
1
 .013  .001  15.816  < .001  ***  

Light returner with: price reduction post-purchase
2
 .003  .001  4.180  < .001  ***  

Heavy returner with: purchase during price reduction
3
 -.023  .001  -19.016  < .001  ***  

Heavy returner with: price reduction post-purchase
4
 -.036  .002  -20.619  < .001  ***  

Light returner
5
 -.007  .001  -6.658  < .001  ***  

Heavy returner
6
 -.076  .004  -17.214  < .001  ***  

Gendermale .005  .001  9.178  < .001  ***  

Age  .000  .000  3.548  < .001  ***  

Purchase price  .000  .000  -6.744  < .001  ***  

Delivery fee  .006  .001  8.285  < .001  ***  

Basket size  -.002  .000  -16.181  < .001  ***  

Basket price  .000  .000  -12.212  < .001  ***  

Year3 .001  .001  1.487  .138  

 Month2 -.003  .001  -4.283  < .001  ***  

Month3 -.002  .001  -3.579  < .001  ***  

Month4 .004  .001  3.878  < .001  ***  

Month5 .004  .001  3.927  < .001  ***  

Month6 .002  .001  1.736  .083  

 Month7 .009  .001  8.709  < .001  ***  

Month8 .006  .001  7.073  < .001  ***  

Month9 .003  .001  4.099  < .001  ***  

Month10 -.001  .001  -1.702  .090  

 Month11 .003  .001  4.147  < .001  ***  

Month12 .011  .001  13.814  < .001  ***  

Note: ∗ p<.05; ∗∗ p<.01; ∗∗∗ p<.001 
1
Purchase is during a price reduction and the customer has returned in such a case before (1-2 times) 

2
Purchase is followed by a price reduction and the customer has returned in such a case before (1-2 times) 

3
Purchase is during a price reduction and the customer has returned in such a case before (3+ times) 

4
Purchase is followed by a price reduction and the customer has returned in such a case before (3+ times) 

5
Customer has returned before (1-2 times) 

6
Customer has returned before (3+ times) 

 

In particular, a purchase made during a price reduction has a higher chance of being kept 

(1.3 percent points, p < .001) than a purchase not made during a price reduction. This effect is 

doubled for light returners (+1.3 percent points, p < .001) and reversed for heavy returners (-

2.3 percent points, p < .001). Therefore, as before, we find supportive evidence for H1b and 

H3. Next, a purchase with a price reduction post-purchase has a higher chance of being kept 

(1.4 percent points, p < .001) than a purchase without a price reduction post-purchase. Again, 

this effect is slightly strengthened for light returners (+0.3 percent points, p < .001) and 
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reversed for heavy returners (-3.6 percent points, p < .001). Therefore, as before, we find 

supportive evidence for H4 and no support for H2. 

Light returners of any prior purchase have a slightly lower chance of keeping the 

purchase (-0.7 percent points, p < .001) while heavy returners have a much lower chance of 

keeping the purchase (-7.6 percent points, p < .001), compared to customers who did not 

return anything so far. The remaining control variables have very similar effects to the 

previous two models. 

Category-level heterogeneity 

In a final analysis step, we examine whether and how the effect of price reductions, 

during and after the purchase, on keeping (i.e., not-returning) a product differs across product 

categories. We also investigate the respective effects for light and heavy returners, as before. 

Overall, effect strength varies substantially across categories (Figure 2). The effects of 

having purchased during a price reduction and of price reductions post-purchase are generally 

positive, i.e., increase the chance of keeping the purchase, in almost all categories (Figure 2, 

first row). These effects do not show the whole picture, i.e., the effects of price reductions for 

heavy vs. light returners. While being a heavy returner generally leads to negative effects, 

i.e., decreases the chance of keeping the purchase, in practically all categories (Figure 2, third 

row), light returners have more mixed and less significant effects (Figure 2, second row).   
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Figure 2: Cross-category variation in change of predicted non-return probability for 

purchases during price reduction, price reductions post-purchase in general, for light 

returners, and for heavy returners 

 

Next, we relate the cross-category differences to the product characteristics, using 

equation (8). Table  shows whether and how product category characteristics have a 

significant influence on the observed cross-category variation. Overall, product category 

characteristics in all cases explain a significant amount of the variance with highest 

explanatory power for heavy returners (R2 = .397 and .392), least for light returners (R2 = 

.315 and .081), and price reductions in general in between (R2 = .168 and .354). 
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Across all customers, we observe that the baseline effect of a purchase being made 

during a price reduction is higher for utilitarian categories and lower for search good 

categories. The baseline effect of a price reduction post-purchase, in turn, is higher for 

categories that contain more articles and lower for durable, gift, search good and utilitarian 

categories.  

For light returners of purchases made during a price reduction, the baseline effect is 

higher for categories that contain more articles and lower for bulky, gift, hedonic and search 

good categories. Light returners of purchases with price reductions post-purchase, in turn, 

show a higher baseline effect for durable, gift and utilitarian categories and a lower one for 

search good categories.  

For heavy returners of purchases made during a price reduction, the baseline effect is 

higher for search good categories and lower for hedonic and seasonal categories. Heavy 

returners of purchases with price reductions post-purchase, in turn, show a higher baseline 

effect for gift, search good and utilitarian categories and a lower one for categories that 

contain more articles.  

Summarizing the effects, some product category characteristics clearly stand out as most 

influential. Search good categories always show a significantly weaker effect of price 

reductions on returning. As expected, for gift and utilitarian categories, the effect of post-

purchase price reductions and being a heavy returner of purchases with post-purchase price 

reductions is significantly weaker. The remainder of the category characteristics has a more 

limited or even no impact on the estimated effect sizes. 
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Table 5: Category-level moderators of effects of dependent variable on returns 

Coefficient 
Purchase during 

price reduction  

Price reduction post-

purchase  

Light returner with: 

purchase during 

price reduction 

Light returner with: 

price reduction post-

purchase 

Heavy returner with: 

purchase during 

price reduction 

Heavy returner with: 

price reduction post-

purchase 

Constant .018  ***  .031  ***  .026  ***  .001  

 

-.040  ***  -.060  ***  

Bulky -.004  

 

-.003  

 

-.009  **  .000  

 

.003  

 

.005  

 Durable -.001  

 

-.009  ***  -.003  

 

.008  **  -.002  

 

-.003  

 Gift .001  

 

-.011  ***  -.008  **  .007  *  .003  

 

.018  **  

Hedonic .004    -.003  

 

-.004  *  -.003  

 

-.005  *  -.002  

 Search good -.011  ***  -.009  **  -.009  ***  -.007  **  .027  ***  .032  ***  

Seasonal .004  

 

-.002  

 

.001  

 

.000  

 

-.009  *  -.002  

 Utilitarian .004  *  -.007  **  -.003    .006  **  .002  

 

.010  **  

Average price .001  

 

-.001  

 

.000  

 

-.002    .001  

 

.000  

 Number of articles .002    .006  ***  .004  ***  -.001  

 

-.002    -.005  **  

Number of brands .000  

 

-.002    .000  

 

.001  

 

.001  

 

.000  

 Observations  386  

 

386  

 

386  

 

386  

 

386  

 

386  

 R
2
 .168  

 

.354  

 

.315  

 

.081  

 

.397  

 

.392  

 F statistic (df=10; 375)  7.562 *** 20.537 *** 17.234 *** 3.324 *** 24.639 *** 24.216 *** 

Note: ∗ p<.05; ∗∗ p<.01; ∗∗∗ p<.001 
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Discussion 

Summary of findings 

In this paper, we studied whether online purchases are more or less likely to be returned 

if the product price is reduced (a) during purchase or (b) post-purchase, i.e., during the return 

period. We account for possible learning effects by customers – i.e., whether the effect of 

these price reductions is different if customers have returned an earlier purchase with a 

respective price reduction. In addition, we studied whether and how the effects vary across 

product categories. Table 6 presents an overview of our findings. 

Table 6: Overview of the main findings 

Findings:   

- Customers are more likely to return a product that is 

purchased during a price reduction. 
not supported (H1a) 

- Customers are less likely to return a product that is 

purchased during a price reduction. 
partially 

supported 

(H1b) 

- Customers are more likely to return a product with a post-

purchase price reduction. 
not supported (H2) 

- Customers are more likely to return a product that is 

purchased during a price reduction the more they have 

returned products purchased during a price reduction in the 

past. 

supported (H3) 

- Customers are more likely to return a product with a post-

purchase price reduction the more they have returned 

products with a post-purchase price reduction in the past. 

supported (H4) 

Empirical findings on product category differences:   

- The direction of the effect is generally consistent across 

categories. 

  

- The strength of the effect varies across categories and tends 

to be weaker for search goods, utilitarian and gift 

categories. 

  

 

We find that price reductions during and after purchase can both lead to 2.2 percent 

points less returns, compared to when there is no price reduction – for customers that did not 

return a purchase with the respective price reduction in the past. On the other hand, when 

customers did return a purchase with the respective price reduction in the past, the effect of 

price reductions during and after purchase on returns is decreased by 3.4 and 4.2 percent 

points, respectively, and therefore reversed. Consequently, for customers that did return a 
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purchase with the respective price reduction in the past, both price reductions during and after 

purchase lead to more returns, compared to when there is no price reduction. We find that the 

effects are predominantly driven by heavy returners, i.e., customers who have returned more 

than two purchases with the respective price reduction. In sum, price reductions can foster or 

prevent returns, with effect strength and directionality being affected by customers recurrent 

reaction to such promotions. On the other hand, whether a price reduction takes place during 

or after purchase has little influence on its effect on returning. Furthermore, we find that the 

effects are present in almost all sorts of product categories, with the strength of the effect 

tends to be weaker for search goods, utilitarian, and gift categories.  

The findings are partly in line with what we predicted. A price reduction during purchase 

lowers the price that customers pay and a lower price leads to lower expectations of the 

product (Grewal 1995). With lower expectations, customers are more likely to find the 

purchase satisfying and therefore keep the product instead of return it. This is in line with 

what Petersen and Kumar (2009) found and partly in line with our prediction. 

Contrary to our expectations, however, price reductions post-purchase lower returns. We 

theorized that seeing price reductions post-purchase could further regret in customers 

(Simonson 1992; Tsiros and Hardesty 2010; Zeelenberg and Pieters 2007) and consequently 

incentivize returns. It might be, however, that the advertising coupled with price promotions 

instead increases the perceived value of the product, thus decreasing regret and therefore also 

returns. Unfortunately, we do not observe in our data whether a price reduction is 

accompanied by communication and how visible the promotion is to the customer, and 

therefore cannot control for it. Another possibility is that customers are still able to profit 

from post-purchase price reductions, e.g., by calling the customer service center of the 

retailer and trying to carve out an exception to still get a price reduction after the purchase 

thereby having the price difference refunded without actually returning the product. 
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In accordance to our predictions, the effects of price reductions depend on prior customer 

return behavior in the context of such reductions. For purchases that were made during a 

price reduction – by customers that returned such purchases before – returns are higher than 

for purchases that were not made during a price reduction. This is in line with the theoretical 

argument that such price reductions are prone to cause impulse purchases for some 

customers, depending on personality traits (Sharma, Sivakumaran, and Marshall 2010), 

which are returned more (Kacen, Hess, and Walker 2012; Xu and Huang 2014). Similarly, 

for purchases with post-purchase price reductions – by customers that returned such 

purchases before – returns are higher than for purchases without a post-purchase price 

reduction. This effect supports the hypothesis that some customers recurrently respond to 

price reductions by returning – either due to being prone to regretting and therefore returning 

the purchase, or due to being strategic about returning (and re-purchasing) in order to save 

money. This line of reasoning is supported by prior research which indicates that customers, 

in general, habitually act or not act on promotions (Shah, Kumar, and Kim 2014). 

Our study is the first encompassing investigation of the effects of price reductions on 

product returns. Our findings show that price reductions, regardless of their timing relative to 

the customer purchase, have an immediate decreasing effect on product returns. Customers, 

however, can get used to returning products that are reduced in price. Then, for these 

customers, price reductions do not prevent returns anymore, but foster them. As part of our 

study, we investigated more than 300 product categories and found that the effect is 

consistently present across almost all categories, which strongly supports the generalizability 

of our findings. In sum, our study contributes to research on price reductions by giving an 

account of their effect on product returns, and thereby support a more encompassing view of 

the advantages and disadvantages of price reductions. 
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Managerial implications 

Online retailers on a nearly constant basis change prices for large parts of their 

assortment. Therefore, understanding the effects – and possibly unwanted side-effects – of 

price reductions is crucial. Our findings indicate that price reductions can both foster and 

lower product returns, depending on prior customer behavior. Customers who have not 

engaged in returning behavior before will return less as a consequence of purchasing during a 

price reduction or post-purchase price reductions. The effect is substantial, with the effect 

size varying depending on product category, being tendentially weakened for categories 

consisting of search goods, utilitarian products, and gifts. For customers who have returned in 

the past as a consequence of purchasing during a price reduction or post-purchase price 

reductions, the immediate effect is outweighed by a habitual effect and customers chance of 

returning a product will increase. Again, the effect depends on product category 

characteristics and, as before, tends to be weaker for categories consisting of search goods, 

utilitarian products, and gifts. 

Our findings indicate that online retailers should take the influence of price reductions on 

product returns into account, when deciding on where and when to reduce prices. The crucial 

factor is customer past return behavior and it is important for retailers to assess which 

customers have a habit of returning due to price reductions. Since price reductions can both 

foster and lower returning depending on the sort of customer, retailers might want to promote 

personalized price reductions to customers, depending on their order history. Overall, price 

reductions have a wide range of effects and managers need to carefully apply them, based on 

retailer strategy and desired effects on sales, brand image and others. In order to prevent 

increased cost due to more product returns, the effect of price reductions on product returns 

should not be neglected, however. 
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Limitations and further research directions 

Our study uses a large database from a generalist online retailer with tens of millions of 

purchases and returns in hundreds of product categories and assesses the empirical effect of 

price reductions. While our results show that price reductions can both foster and lower 

product returns, depending on the customer, the empirical nature of our study makes it 

difficult to assess the underlying mechanisms and intentions in the minds of the customers. A 

controlled lab experiment might help to investigate customer intentions and mental processes. 

In addition, having only one retailer as data source means that company-specific aspects 

that might affect the effect of price reductions on product returns, such as return policy, are 

fixed for all purchases. A future study could include multiple retailers and study whether 

retailer-specific aspects play a role. In addition, having only one data source means that we 

cannot observe price reductions across retailers and their consequences on product returns. 

Although assortment difference usually limit customer switching across retailers (Lemon and 

Verhoef 2016), a future study could investigate whether such cross-firm effect exists. 

 

 

 

 

 

 

 

  



   35 

Acknowledgements 

The authors thank Wehkamp.nl for providing access to the data. 

 

 

 

 

Funding  

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors.  

 

 

 

Declarations of interest 

None.  



   36 

References 

Aalen, Odd O., Ørnulf Borgan, and Håkon K. Gjessing (2008), Survival and Event History 

Analysis, Statistics for Biology and Health, New York, NY: Springer New York. 

Amos, Clinton, Gary R. Holmes, and William C. Keneson (2014), “A meta-analysis of 

consumer impulse buying,” Journal of Retailing and Consumer Services, 21 (2), 86–

97. 

Bandi, Chaitanya, Antonio Moreno, Donald Ngwe, and Xu Zhiji (2018), “Opportunistic 

Returns and Dynamic Pricing: Empirical Evidence from Online Retailing in 

Emerging Markets,” Harvard Business School Marketing Unit Working Paper No. 

19-030, Harvard Business School Technology & Operations Mgt. Unit Working 

Paper No. 19-030, [available at https://ssrn.com/abstract=3266474]. 

Bawa, Kapil, Jane T. Landwehr, and Aradhna Krishna (1989), “Consumer Response to 

Retailers’ Marketing Environments: An Analysis of Coffee Purchase Data,” Journal 

of Retailing, 65. 

Bell, David R., Jeongwen Chiang, and V. Padmanabhan (1999), “The Decomposition of 

Promotional Response: An Empirical Generalization,” Marketing Science, 18 (4), 

504–26. 

Bijmolt, Tammo H.A., Manda Broekhuis, Sander de Leeuw, Christian Hirche, Robert P. 

Rooderkerk, Rui Sousa, and Stuart X. Zhu (2019), “Challenges at the marketing–

operations interface in omni-channel retail environments,” Journal of Business 

Research. 

Bijmolt, Tammo H.A., Harald J. Van Heerde, and Rik G.M. Pieters (2005), “New Empirical 

Generalizations on the Determinants of Price Elasticity,” Journal of Marketing 

Research, 42 (2), 141–56. 



   37 

Blattberg, Robert C., Richard Briesch, and Edward J. Fox (1995), “How Promotions Work,” 

Marketing Science, 14 (3), G122–32. 

Box-Steffensmeier, Janet M. and Bradford S. Jones (2004), Event History Modeling: A Guide 

for Social Scientists, Cambridge University Press. 

Campbell, Margaret C. (1999), “Perceptions of Price Unfairness: Antecedents and 

Consequences,” Journal of Marketing Research, 36 (2), 187. 

Chang, Ya Ping, Yin Gao, and Dong Hong Zhu (2015), “The Impact of Product Regret on 

Repurchase Intention,” Social Behavior and Personality: an international journal, 43 

(8), 1347–60. 

Clements, Mark (2019), rstpm2: Smooth Survival Models, Including Generalized Survival 

Models, Karolinska Institutet. 

Consumer World (2018), “Consumer World: Return Policies, Return Policy,” (accessed 

September 12, 2019), [available at 

https://www.consumerworld.org/pages/returns.htm]. 

Cooke, Alan D J, Tom Meyvis, and Alan Schwartz (2001), “Avoiding Future Regret in 

Purchase-Timing Decisions,” Journal of Consumer Research, 27 (4), 447–59. 

Elmaghraby, Wedad and Pınar Keskinocak (2003), “Dynamic Pricing in the Presence of 

Inventory Considerations: Research Overview, Current Practices, and Future 

Directions,” Management Science, 49 (10), 24. 

European Union (2011), Directive 2011/83/EU, Brussels: European Parliament & European 

Council. 

Fisher, Marshall, Santiago Gallino, and Jun Li (2018), “Competition-Based Dynamic Pricing 

in Online Retailing: A Methodology Validated with Field Experiments,” Management 

Science, 64 (6), 2496–2514. 



   38 

Grewal, Dhruv (1995), “Product quality expectations: Towards an understanding of their 

antecedents and consequences,” Journal of Business and Psychology, 9 (3), 225–40. 

Grewal, Dhruv (2011), “Innovations in Retail Pricing and Promotions,” Journal of Retailing, 

10. 

Grewal, Dhruv, Ramkumar Janakiraman, Kirthi Kalyanam, P K Kannan, Brian Ratchford, 

Reo Song, and Stephen Tolerico (2010), “Strategic Online and Offline Retail Pricing: 

A Review and Research Agenda,” Journal of Interactive Marketing, 17. 

Gupta, Sunil (1988), “Impact of Sales Promotions on When, What, and How Much to Buy,” 

Journal of Marketing Research, 25 (4), 342. 

Hess, James D. and Glenn E. Mayhew (1997), “Modeling merchandise returns in direct 

marketing,” Journal of Direct Marketing, 11 (2), 20–35. 

Hong, Yili Kevin and Paul A. Pavlou (2014), “Product Fit Uncertainty in Online Markets: 

Nature, Effects, and Antecedents,” Information Systems Research, 25 (2), 328–44. 

Hosmer, David W., Stanley Lemeshow, and Susanne May (2008), Applied survival analysis: 

regression modeling of time-to-event data, Wiley series in probability and statistics, 

Hoboken, N.J: Wiley-Interscience. 

Howell, John R., Sanghak Lee, and Greg M. Allenby (2016), “Price Promotions in Choice 

Models,” Marketing Science, 35 (2), 319–34. 

Kacen, Jacqueline J., James D. Hess, and Doug Walker (2012), “Spontaneous selection: The 

influence of product and retailing factors on consumer impulse purchases,” Journal of 

Retailing and Consumer Services, 19 (6), 578–88. 

Khouja, Moutaz, Haya Ajjan, and Xin Liu (2019), “The effect of return and price adjustment 

policies on a retailer’s performance,” European Journal of Operational Research. 

Kim, Junyong and Brian Wansink (2012), “How Retailers’ Recommendation and Return 

Policies Alter Product Evaluations,” Journal of Retailing, 88 (4), 528–41. 



   39 

Klein, John P. (Ed.) (2014), Handbook of survival analysis, Chapman & Hall/CRC 

handbooks of modern statistical methods, Boca Raton: CRC Press. 

Kotler, Philip, Gary Armstrong, Lloyd Harris, and Hongwei He (2019), Principles of 

Marketing, Hoboken: Pearson Education. 

Krishna, Aradhna (1994), “The Impact of Dealing Patterns on Purchase Behavior,” 

Marketing Science, 13 (4), 351–73. 

Larsen, Derek and John J. Watson (2001), “A guide map to the terrain of gift value,” 

Psychology and Marketing, 18 (8), 889–906. 

Lemon, Katherine N. and Peter C. Verhoef (2016), “Understanding Customer Experience 

Throughout the Customer Journey,” Journal of Marketing, 80 (6), 69–96. 

Liu, Hongfei, Chanaka Jayawardhena, Victoria-Sophie Osburg, and Mujahid Mohiuddin 

Babu (2019), “Do online reviews still matter post-purchase?,” Internet Research, 30 

(1), 109–39. 

Macé, Sandrine and Scott A. Neslin (2004), “The Determinants of Pre- and Postpromotion 

Dips in Sales of Frequently Purchased Goods,” Journal of Marketing Research, 41 

(3), 339–50. 

Martin, Neale and Kyle Morich (2011), “Unconscious mental processes in consumer choice: 

Toward a new model of consumer behavior,” Journal of Brand Management, 18 (7), 

483–505. 

Minnema, Alec, Tammo H. A. Bijmolt, Sonja Gensler, and Thorsten Wiesel (2016), “To 

Keep or Not to Keep: Effects of Online Customer Reviews on Product Returns,” 

Journal of Retailing, 92 (3), 253–67. 

Minnema, Alec, Tammo H. A. Bijmolt, J. Andrew Petersen, and Jeffrey D. Shulman (2018), 

“Managing Product Returns Within the Customer Value Framework,” in Customer 



   40 

Engagement Marketing, R. W. Palmatier, V. Kumar, and C. M. Harmeling, eds., 

Cham: Springer International Publishing, 95–118. 

Mitchell, V.‐W. and Pari Boustani (1994), “A Preliminary Investigation into Pre‐ and Post‐

Purchase Risk Perception and Reduction,” European Journal of Marketing, 28 (1), 

56–71. 

Neal, David T., Wendy Wood, Jennifer S. Labrecque, and Phillippa Lally (2012), “How do 

habits guide behavior? Perceived and actual triggers of habits in daily life,” Journal of 

Experimental Social Psychology, 48 (2), 492–98. 

Okada, Erica Mina (2005), “Justification Effects on Consumer Choice of Hedonic and 

Utilitarian Goods,” Journal of Marketing Research, 42 (1), 43–53. 

Petersen, J. Andrew and V. Kumar (2009), “Are Product Returns a Necessary Evil? 

Antecedents and Consequences,” Journal of Marketing, 73 (3), 35–51. 

Petersen, J. Andrew and V. Kumar (2015), “Perceived Risk, Product Returns, and Optimal 

Resource Allocation: Evidence from a Field Experiment,” Journal of Marketing 

Research, 52 (2), 268–85. 

Rao, Vithala (2009), Handbook of Pricing Research in Marketing, Edward Elgar Publishing. 

Royston, Patrick and Paul C. Lambert (2011), Flexible parametric survival analysis using 

Stata: beyond the Cox model, College Station, TX: Stata Press. 

Royston, Patrick and Mahesh K. B. Parmar (2002), “Flexible parametric proportional-hazards 

and proportional-odds models for censored survival data, with application to 

prognostic modelling and estimation of treatment effects,” Statistics in Medicine, 21 

(15), 2175–97. 

Shah, Denish, V. Kumar, and Kihyun Hannah Kim (2014), “Managing Customer Profits: The 

Power of Habits,” Journal of Marketing Research, 51 (6), 726–41. 



   41 

Sharma, Piyush, Bharadhwaj Sivakumaran, and Roger Marshall (2010), “Impulse buying and 

variety seeking: A trait-correlates perspective,” Journal of Business Research, 63 (3), 

276–83. 

Simonson, Itamar (1992), “The Influence of Anticipating Regret and Responsibility on 

Purchase Decisions,” Journal of Consumer Research, 19 (1), 105. 

Soysal, Gonca P. and Lakshman Krishnamurthi (2012), “Demand Dynamics in the Seasonal 

Goods Industry: An Empirical Analysis,” Marketing Science, 31 (2), 293–316. 

Tsiros, Michael and David M Hardesty (2010), “Ending a Price Promotion: Retracting It in 

One Step or Phasing It Out Gradually,” Journal of Marketing, 74 (1), 49–64. 

Wells, John, Veena Parboteeah, and Joseph Valacich (2011), “Online Impulse Buying: 

Understanding the Interplay between Consumer Impulsiveness and Website Quality,” 

Journal of the Association for Information Systems, 12 (1), 32–56. 

Xu, Yin and Jin-Song Huang (2014), “Effects of Price Discounts and Bonus Packs on Online 

Impulse Buying,” Social Behavior and Personality: an international journal, 42 (8), 

1293–1302. 

Zeelenberg, M and R Pieters (2007), “A Theory of Regret Regulation 1.0,” Journal of 

Consumer Psychology, 17 (1), 3–18. 

 



 
 
 

 
 
 
 
 

1 

List of research reports 
 
16001-GEM: Hoorn, A. van, How Are Migrant Employees Manages? An Integrated 
Analysis 
 
16002-EEF: Soetevent, A.R., Te Bao, A.L. Schippers, A Commercial Gift for Charity 
 
16003-GEM: Bouwmeerster, M.C., and J. Oosterhaven, Economic Impacts of Natural Gas 
Flow Disruptions 
 
16004-MARK: Holtrop, N., J.E. Wieringa, M.J. Gijsenberg, and P. Stern, Competitive 
Reactions to Personal Selling: The Difference between Strategic and Tactical Actions 
 
16005-EEF: Plantinga, A. and B. Scholtens, The Financial Impact of Divestment from 
Fossil Fuels 
 
16006-GEM: Hoorn, A. van, Trust and Signals in Workplace Organization: Evidence from 
Job Autonomy Differentials between Immigrant Groups 
 
16007-EEF: Willems, B. and G. Zwart, Regulatory Holidays and Optimal Network 
Expansion 
 
16008-GEF: Hoorn, A. van, Reliability and Validity of the Happiness Approach to 
Measuring Preferences 
 
16009-EEF: Hinloopen, J., and A.R. Soetevent, (Non-)Insurance Markets, Loss Size 
Manipulation and Competition: Experimental Evidence 
 
16010-EEF: Bekker, P.A., A Generalized Dynamic Arbitrage Free Yield Model 
 
16011-EEF: Mierau, J.A., and M. Mink, A Descriptive Model of Banking and Aggregate 
Demand 
 
16012-EEF: Mulder, M. and B. Willems, Competition in Retail Electricity Markets: An 
Assessment of Ten Year Dutch Experience 
 
16013-GEM: Rozite, K., D.J. Bezemer, and J.P.A.M. Jacobs, Towards a Financial Cycle for 
the US, 1873-2014 
 
16014-EEF: Neuteleers, S., M. Mulder, and F. Hindriks, Assessing Fairness of Dynamic 
Grid Tariffs 
 
16015-EEF: Soetevent, A.R., and T. Bružikas, Risk and Loss Aversion, Price Uncertainty 
and the Implications for Consumer Search 
 
16016-HRM&OB: Meer, P.H. van der, and R. Wielers, Happiness, Unemployment and 
Self-esteem 
 
16017-EEF: Mulder, M., and M. Pangan, Influence of Environmental Policy and Market 
Forces on Coal-fired Power Plants: Evidence on the Dutch Market over 2006-2014 
 
16018-EEF: Zeng,Y., and M. Mulder, Exploring Interaction Effects of Climate Policies: A 
Model Analysis of the Power Market 



 
 
 

 
 
 
 
 

2 

 
16019-EEF: Ma, Yiqun, Demand Response Potential of Electricity End-users Facing Real 
Time Pricing 
 
16020-GEM: Bezemer, D., and A. Samarina, Debt Shift, Financial Development and 
Income Inequality in Europe 
 
16021-EEF: Elkhuizen, L, N. Hermes, and J. Jacobs, Financial Development, Financial 
Liberalization and Social Capital 
 
16022-GEM: Gerritse, M., Does Trade Cause Institutional Change? Evidence from 
Countries South of the Suez Canal 
 
16023-EEF: Rook, M., and M. Mulder, Implicit Premiums in Renewable-Energy Support 
Schemes 
 
17001-EEF: Trinks, A., B. Scholtens, M. Mulder, and L. Dam, Divesting Fossil Fuels: The 
Implications for Investment Portfolios 
 
17002-EEF: Angelini, V., and J.O. Mierau, Late-life Health Effects of Teenage Motherhood 
 
17003-EEF: Jong-A-Pin, R., M. Laméris, and H. Garretsen, Political Preferences of 
(Un)happy Voters: Evidence Based on New Ideological Measures 
 
17004-EEF: Jiang, X., N. Hermes, and A. Meesters, Financial Liberalization, the 
Institutional Environment and Bank Efficiency 
 
17005-EEF: Kwaak, C. van der, Financial Fragility and Unconventional Central Bank 
Lending Operations 
 
17006-EEF: Postelnicu, L. and N. Hermes, The Economic Value of Social Capital 
 
17007-EEF: Ommeren, B.J.F. van, M.A. Allers, and M.H. Vellekoop, Choosing the Optimal 
Moment to Arrange a Loan 
 
17008-EEF: Bekker, P.A., and K.E. Bouwman, A Unified Approach to Dynamic Mean-
Variance Analysis in Discrete and Continuous Time 
 
17009-EEF: Bekker, P.A., Interpretable Parsimonious Arbitrage-free Modeling of the Yield 
Curve 
 
17010-GEM: Schasfoort, J., A. Godin, D. Bezemer, A. Caiani, and S. Kinsella, Monetary 
Policy Transmission in a Macroeconomic Agent-Based Model 
 
17011-I&O: Bogt, H. ter, Accountability, Transparency and Control of Outsourced Public 
Sector Activities 
 
17012-GEM: Bezemer, D., A. Samarina, and L. Zhang, The Shift in Bank Credit 
Allocation: New Data and New Findings 
 
17013-EEF: Boer, W.I.J. de, R.H. Koning, and J.O. Mierau, Ex-ante and Ex-post 
Willingness-to-pay for Hosting a Major Cycling Event 
 



 
 
 

 
 
 
 
 

3 

17014-OPERA: Laan, N. van der, W. Romeijnders, and M.H. van der Vlerk, Higher-order 
Total Variation Bounds for Expectations of Periodic Functions and Simple Integer 
Recourse Approximations 
 
17015-GEM: Oosterhaven, J., Key Sector Analysis: A Note on the Other Side of the Coin 
 
17016-EEF: Romensen, G.J., A.R. Soetevent: Tailored Feedback and Worker Green 
Behavior: Field Evidence from Bus Drivers 
 
17017-EEF: Trinks, A., G. Ibikunle, M. Mulder, and B. Scholtens, Greenhouse Gas 
Emissions Intensity and the Cost of Capital 
 
17018-GEM: Qian, X. and A. Steiner, The Reinforcement Effect of International Reserves 
for Financial Stability 
 
17019-GEM/EEF: Klasing, M.J. and P. Milionis, The International Epidemiological 
Transition and the Education Gender Gap 
 
2018001-EEF: Keller, J.T., G.H. Kuper, and M. Mulder, Mergers of Gas Markets Areas and 
Competition amongst Transmission System Operators: Evidence on Booking Behaviour in 
the German Markets 
 
2018002-EEF: Soetevent, A.R. and S. Adikyan, The Impact of Short-Term Goals on Long-
Term Objectives: Evidence from Running Data 
 
2018003-MARK: Gijsenberg, M.J. and P.C. Verhoef, Moving Forward: The Role of 
Marketing in Fostering Public Transport Usage 
 
2018004-MARK: Gijsenberg, M.J. and V.R. Nijs, Advertising Timing: In-Phase or Out-of-
Phase with Competitors? 
 
2018005-EEF: Hulshof, D., C. Jepma, and M. Mulder, Performance of Markets for 
European Renewable Energy Certificates 
 
2018006-EEF: Fosgaard, T.R., and A.R. Soetevent, Promises Undone: How Committed 
Pledges Impact Donations to Charity 
 
2018007-EEF: Durán, N. and J.P. Elhorst, A Spatio-temporal-similarity and Common 
Factor Approach of Individual Housing Prices: The Impact of Many Small Earthquakes in 
the North of Netherlands 
 
2018008-EEF: Hermes, N., and M. Hudon, Determinants of the Performance of 
Microfinance Institutions: A Systematic Review 
 
2018009-EEF: Katz, M., and C. van der Kwaak, The Macroeconomic Effectiveness of Bank 
Bail-ins 
 
2018010-OPERA: Prak, D., R.H. Teunter, M.Z. Babai, A.A. Syntetos, and J.E. Boylan, 
Forecasting and Inventory Control with Compound Poisson Demand Using Periodic 
Demand Data 
 



 
 
 

 
 
 
 
 

4 

2018011-EEF: Brock, B. de, Converting a Non-trivial Use Case into an SSD: An Exercise 
 
2018012-EEF: Harvey, L.A., J.O. Mierau, and J. Rockey, Inequality in an Equal Society 
 
2018013-OPERA: Romeijnders, W., and N. van der Laan, Inexact cutting planes for two-
stage mixed-integer stochastic programs 
 
2018014-EEF: Green, C.P., and S. Homroy, Bringing Connections Onboard: The Value of 
Political Influence 
 
2018015-OPERA: Laan, N. van der, and W. Romeijnders, Generalized aplha-
approximations for two-stage mixed-integer recourse models 
 
2018016-GEM: Rozite, K., Financial and Real Integration between Mexico and the United 
States 
 
2019001-EEF: Lugalla, I.M., J. Jacobs, and W. Westerman, Drivers of Women 
Entrepreneurs in Tourism in Tanzania: Capital, Goal Setting and Business Growth 
 
2019002-EEF: Brock, E.O. de, On Incremental and Agile Development of (Information) 
Systems 
 
2019003-OPERA: Laan, N. van der, R.H. Teunter, W. Romeijnders, and O.A. Kilic, The 
Data-driven Newsvendor Problem: Achieving On-target Service Levels. 
 
2019004-EEF: Dijk, H., and J. Mierau, Mental Health over the Life Course: Evidence for a 
U-Shape? 
 
2019005-EEF: Freriks, R.D., and J.O. Mierau, Heterogeneous Effects of School Resources 
on Child Mental Health Development: Evidence from the Netherlands. 
 
2019006-OPERA: Broek, M.A.J. uit het, R.H. Teunter, B. de Jonge, J. Veldman, Joint 
Condition-based Maintenance and Condition-based Production Optimization. 
 
2019007-OPERA: Broek, M.A.J. uit het, R.H. Teunter, B. de Jonge, J. Veldman, Joint 
Condition-based Maintenance and Load-sharing Optimization for Multi-unit Systems with 
Economic Dependency 
 
2019008-EEF: Keller, J.T. G.H. Kuper, and M. Mulder, Competition under Regulation: Do 
Regulated Gas Transmission System Operators in Merged Markets Compete on Network 
Tariffs? 
 
2019009-EEF: Hulshof, D. and M. Mulder, Renewable Energy Use as Environmental CSR 
Behavior and the Impact on Firm Profit 
 
2019010-EEF: Boot, T., Confidence Regions for Averaging Estimators 
2020001-OPERA: Foreest, N.D. van, and J. Wijngaard. On Proportionally Fair Solutions 
for the Divorced-Parents Problem 
 
2020002-EEF: Niccodemi, G., R. Alessie, V. Angelini, J. Mierau, and T. Wansbeek. 
Refining Clustered Standard Errors with Few Clusters 
 



 
 
 

 
 
 
 
 

5 

2020003-I&O: Bogt, H. ter, Performance and other Accounting Information in the Public 
Sector: A Prominent Role in the Politicians’ Control Tasks? 
 
2020004-I&O: Fisch, C., M. Wyrwich, T.L. Nguyen, and J.H. Block, Historical Institutional 
Differences and Entrepreneurship: The Case of Socialist Legacy in Vietnam 
 
2020005-I&O: Fritsch, M. and M. Wyrwich. Is Innovation (Increasingly) Concentrated in 
Large Cities? An Internatinal Comparison 
 
2020006-GEM: Oosterhaven, J., Decomposing Economic Growth Decompositions. 
 
2020007-I&O: Fritsch, M., M. Obschonka, F. Wahl, and M. Wyrwich. The Deep Imprint of 
Roman Sandals: Evidence of Long-lasting Effects of Roman Rule on Personality, Economic 
Performance, and Well-Being in Germany  
 
2020008-EEF: Heijnen, P., On the Computation of Equilibrium in Discontinuous Economic 
Games 
 
2020009-EEF: Romensen, G.J. and A.R. Soetevent, Improving Worker Productivity 
Through Tailored Performance Feedback: Field Experimental Evidence from Bus Drivers 
 
2020010-EEF: Rao, Z., M. Groneck, and R. Alessie, Should I Stay or Should I Go? 
Intergenerational Transfers and Residential Choice. Evidence from China 
 
2020011-EEF: Kwaak, C. van der, Unintended Consequences of Central Bank Lending in 
Financial Crises 
 
2020012-EEF: Soetevent, A.R., Determinants choice set variation in demand estimation 
– with an application to the electric vehicle public charging market 
 
2020013-EEF: Kwaak, C. van der, Old-Keynesianism in the New Keynesian model 
 
2020014-EEF: Plaat, m. van der, Loan Sales and the Tyranny of Distance in U.S. 
Residential Mortgage Lending 
 
2020015-I&O: Fritsch, M., and M. Wyrwich, Initial Conditions and Regional Performance 
in the Aftermath of Disruptive Shocks: The Case of East Germany after Socialism 
 
2020016-OPERA: Laan, N. van der, and W. Romeijnders, A Converging Benders’ 
Decomposition Algorithm for Two-stage Mixed-integer Recourse Models 
 
2021001-OPERA: Baardman, L., K.J. Roodbergen, H.J. Carlo, and A.H. Schrotenboer, A 
Special Case of the Multiple Traveling Salesmen Problem in End-of-aisle Picking Systems 
 
2021002-EEF: Wiese, R., and S. Eriksen, Willingness to Pay for Improved Public 
Education and Public Health Systems: The Role of Income Mobility Prospects. 
 
2021003-EEF: Keller, J.T., G.H. Kuper, and M. Mulder, Challenging Natural Monopolies: 
Assessing Market Power of Gas Transmission System Operators for Cross-Border 
Capacity 
 
2021004-EEF: Li, X., and M. Mulder, Value of Power-to-Gas as a Flexibililty Option in 
Integrated Electricity and Hydrogen Markets 



 
 
 

 
 
 
 
 

6 

2021005-GEM: Rozite, K., J.P.A.M. Jacobs, and D.J. Bezemer, Investor Sentiment and 
Business Investment 
 
2021006-EEF: Spierdijk, L., and T. Wansbeek, Differencing as a Consistency Test for the 
Within Estimator 
 
2021007-EEF: Katz, M., and C. van der Kwaak, To Bail-in or to Bailout: that’s the 
(Macro) Question 
 
2021008-EEF: Haan, M.A., N.E. Stoffers, and G.T.J. Zwart, Choosing Your Battles: 
Endogenous Multihoming and Platform Competition 
 
2021009-I&O: Greve, M., M. Fritsch, and M. Wyrwich, Long-Term Decline of Regions and 
the Rise of Populism: The Case of Germany  
 
2021010-MARK: Hirche, C.F., T.H.A. Bijmolt, and M.J. Gijsenberg, When Offline Stores 
Reduce Online Returns 
 
2021011-MARK: Hiche, C.F., M.J. Gijsenberg, and T.H.A. Bijmolt, Promoting Product 
Returns: Effects of Price Reductions on Customer Return Behavior 



 
 
 

 
 
 
 
 

7 

  
 

 

 

 

 

 

 


	2021011-MARK eerste 3 pagina's
	Promoting Product Returns: Effects of Price Reductions on Customer Return Behavior

	paper
	list of research reports
	List of research reports


