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Abstract 

CHEN YINGTONG 

College of Business Administration 

The Graduate School  

Seoul National University 

The composition of a choice set is known to influence purchase decisions. 

Nowadays, as recommender systems becomes more and more important, researchers 

have begun to review how the effect of recommendation set on consumer behavior 

and decision making. Alternatives that are brought to consumers by recommender 

systems have been proved to influence purchase decisions (Cosley et al. 2003; 

Adomavicius et al. 2017), but whether and how the type of alternatives affects the 

target options are still under explored. 

In this paper, we explicitly examined whether and how the type of recommended 

products (complementary vs. substitutable vs. unrelated) influence purchase 

intention for the focal option, as well as total purchase. In study 1, we find that 

consumers express higher purchase intention for a focal product when recommended 

with complementary products and lower purchase intention when recommended 

with unrelated products, compared to substitutable recommendation. In study 2, we 

find that total purchase is the highest in complementary recommendation, while there 

is no significant difference between substitutable and unrelated recommendation. 

The results are important for theoreticians and practitioners who desire to develop 

efficient recommender systems to generate the maximum sales.  
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1. Introduction 

Nowadays, e-commerce sites offer a wide range of categories and products that 

provide consumers rich choices. These overwhelming choices and information 

overload make it difficult for consumers to sort and browse large amounts of 

information to find products of concern. Recommender systems are designed to 

alleviate this problem, helping consumers find the products they need more quickly. 

Apart from its value to consumers, a successful recommender system generates 

additional revenue for e-commerce sites. It is reported that a recommender system 

account for 35% of sales for Amazon (Marshall 2006), and that roughly two-thirds 

of the content watched on Netflix were suggested by its recommender system (Flynn 

2006). 

Scholars and practitioners have devoted much attention to designing algorithm 

and improving recommender systems’ performance. Researchers have only recently 

begun to review its impact on consumer behavior and decision making (Cosley et at. 

2003; Adomavicius et al. 2017). For example, Adomavicius et al. (2017) find that 

when purchasing digital songs, participants exposed to randomly generated 

artificially high (low) recommendations for a product will exhibit a higher (lower) 

willingness to pay for that product. Nevertheless, these works mainly focus on 

consumer preference ratings for songs, movies and television programs. Relatively 

less work addresses the impact of recommended product on consumer purchase 

decision in e-commerce context. 
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It is a key issue to understand how products relate to each other in product 

recommendation. Substitutes and complements are common in product 

categorization in retail vector, but their effects as recommended products are 

underexplored. For example, when a consumer is considering buying a bottle of 

instant coffee online, does his or her purchase intention for the focal product depend 

on whether the recommended products are substitutes to the focal product (e.g., other 

brands of coffee), complements (e.g., coffee cream, sugar) or unrelated items (e.g., 

detergents)? If so, when the consumer can purchase more than one items, which type 

of recommendation generates more revenue? 

A significant body of empirical research has demonstrated that the composition of 

a choice set influences purchase decisions (Huber et al. 1982; Simonson & Tversky 

1992; Tversky & Kahneman 1981, etc.), but these studies have primarily focused on 

choice sets formed by consumers themselves. In this study, we are interested in the 

effect of recommended product set on purchase decisions. The present paper 

proceeds as follows: the concepts of complementarity, substitutability and similarity 

are summarized, and relevant research related to choice set are reviewed to the 

establish hypotheses in Section 2; two studies are designed to test our hypotheses 

and methodology, procedures and results are presented in Section 3; this paper 

concludes with a general discussion of the studies, implication, limitations and 

direction for future research are in Section 4. 
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2. Literature Review 

The objective of this paper is to examine whether and how the recommended 

products as complements versus substitutes affect purchase intention for the focal 

option and total purchase. To establish hypotheses, we integrate literatures on the 

complementarity and substitutability and choice sets. 

2.1 Complementarity and Substitutability 

Product categorization makes it efficient for consumers to process information and 

make decisions by highlighting the similarities and differences among options 

(Viswanathan & Childers 1999). Product complementarity and substitutability have 

been regarded as a natural way to categorize products (e.g., Yadav 1994). The 

definitions of complementarity and substitutability vary in different literatures. 

Economists define products as complements (substitutes) if lowering (raising) the 

price of one product leads to an increase in sales of another (e.g., Bucklin et al. 1998; 

Russell & Petersen 2000). These concepts are modified in literature on market basket 

analysis where products are considered as complements (substitutes) in purchase if 

they are purchased jointly more (less) frequently than expected according to 

stochastic independence (Betancourt & Gautschi 1990; Mulhern & Leone 1991). The 

concepts above stand in the market and seller's point of view, so are not fit with the 

nature of our studies. From the perspective of individual, complements are products 

that are used in conjunction with other products to satisfy the particular need, and 

substitutes are any two products that can fulfill the same purpose (Henderson & 
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Quandt 1958). We will adopt these concepts since our studies focus on individual 

purchase decisions.  

2.2 Choice Sets 

Extensive studies have demonstrated that the composition of a choice set 

influences purchase decisions (Huber et al. 1982; Simonson & Tversky 1992; 

Tversky & Kahneman 1981 etc.). Particularly, the introduction of a new option to 

the existing choice set will have a systematic impact on the preference of the original 

options (Prelec et al. 1997; Pettibone & Wedell 2000). However, these studies have 

primarily focused on choice sets formed by consumers through information seeking 

and processing. Nowadays, with the rapid development of e-commerce, consumers 

are confronted with a wealth of products, which makes them rely on recommender 

systems to sort and prioritize information. Alternatives that are brought to consumers 

by recommender systems have been proved to influence purchase decisions (Cosley 

et al. 2003; Adomavicius et al. 2017). However, whether and how the type of 

alternatives affects the target options are still under explored.  

The literature of choice set largely focus on comparison between alternatives with 

different levels of quality or price. Huber et al. (1982) find that the addition of an 

asymmetrically dominated alternative increases the probability of choosing the item 

that dominates it (e.g., adding a new jacket priced at $250 to the existing choice set 

of two jackets priced at $100 and $150 increase the sales of the $150 jackets). Adaval 

& Monroe (2002) find that a product was perceived as less expensive in a high-priced 

context than in a low-priced context (e.g., a consumer may perceive a $50 shirt to be 
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less expensive if the shirts seen before are priced at $100 than if they are $25). In 

this paper, we aim to investigate how different types of recommended product 

influence purchase decisions. To avoid confounding factors, we set the product used 

in the experiments to have similar prices and quality to the focal product. 

Purchase Intention for the Focal Option 

Recent research has explored the impact of display-only items on decision making 

(Karmarkar 2017) and how considering similar versus dissimilar alternatives 

influences purchase decisions (Friedman et al. 2018). For example, Friedman et al. 

(2018) demonstrated that consumers will generally be less likely to purchase a focal 

option after considering dissimilar alternatives than after considering similar 

alternatives. They also provided evidence for the underlying mechanism that the 

importance of the focal goal associated with the focal option mediates this difference. 

This calls for further research since (a) the similar alternatives are often complements 

or substitutes to the focal options, and they are expected to exact different effects on 

purchase decisions, which was not covered in the studies; (b) instead of purchase 

intention for the focal product which concerns the marketing managers of the 

particular brand, total purchase bears on the more interests of both consumers and e-

commerce sites, yet it is less explored; (c) the researchers focus on an earlier stage 

in the decision process, but the effects are likely to vary in the later stage where 

consumers are faced with the final purchase decision; (d) participants only saw two 

recommended products, while it is doubtful whether the pattern stays consistent 

when they are exposed to a larger choice set. Our study is designed to tackle all these 

issues.  
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Researchers generally agree that a new alternative will decrease other options’ 

opportunity of being selected, if the alternatives are not superior or inferior to the 

focal options (Huber et al. 1982). Studies on opportunity cost also suggest that 

consumers are less likely to purchase a focal option when they consider other ways 

to spend their money (Frederick et al. 2009; Kardes et al. 2002; Posavac et al. 2004). 

Therefore, in our experiment setting, we believe that consumers will be less likely to 

purchase a target option when it is presented with alternatives than when it is 

presented alone, no matter what relationships are holds between the alternatives to 

the target option.  

According to the goal theory, the perceived importance of the goal associated with 

the focal option mediates the effect of alternative type on purchase intent for the 

focal option (Friedman et al. 2018). Recommending unrelated product will activate 

a different goal and therefore decreases the perceived importance of the focal goals. 

In contrast, both complements and substitutes fulfilled the same goals or similar 

goals associated with the focal option. Therefore, we propose that purchase intention 

for the focal option will be lower when it is displayed together with unrelated 

products than with complementary or substitutable products.  

 

H1: Consumers tend to have lower purchase intention for a focal option 

when it is displayed with an unrelated recommendation than with a 

substitutable recommendation. 

 

We also hypothesize that substitutable alternative decrease purchase intention for 
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the focal item more than complementary one. Complementary product display 

provides consumers with information as to where and when the product may be used 

(Englis and Solomon 1996). Similarly, complementary product recommendation 

may make the focal product more vivid and relevant to consumers. Therefore, 

consumers may perceive the value of focal product more easily, which results in 

higher purchase intention than other display form.  

    

H2: Consumers tend to have lower purchase intention for a focal option 

when it is displayed with a substitutable recommendation than with a 

complementary recommendation. 

 

Total Purchase 

Despite the extensive studies on the purchase intention for the focal options, 

consumer is more likely to be faced with a “pick-any” decision where purchase 

decisions involve multiple products. We predict that total amount purchased is 

smaller when the focal option is displayed together with substitutable products than 

with unrelated products. As mentioned above, substitutes are any two products that 

can fulfill the same purpose (Henderson and Quandt 1958). For consumer, it is less 

likely to purchase two substitutable products for a shopping trip, even if they have 

the budget to purchase more than one item.  

 

H3: Total purchases tend to be larger when the focal option is displayed 

with an unrelated recommendation than with a substitutable 
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recommendation. 

 

On the contrary, complements are supposed to use in conjunction with each other 

to achieve a particular purpose (Henderson and Quandt 1958). Related findings on 

product bundling support our hypothesis. Prior research shows that consumers 

perceived higher value for bundles with complementary products than for bundles 

of unrelated products (Harlam et al. 1995). In the context of product recommendation, 

consumers might perceive higher total value for all items if the recommended items 

are complements to the focal product, and thereby have high possibility to purchase 

more than one item. Therefore, we predict that if consumers have the resources to 

purchase more than one item, recommendation of complement could potentially 

increase total purchase. 

 

H4: Total purchases tend to be larger when the focal option is displayed 

with a complementary recommendation than with an unrelated or a 

substitutable recommendation. 

 

In the next two sessions, we will present two studies to test the hypotheses. Study 

1 was designed to test the first two hypotheses and study 2 was to test the remaining 

two hypotheses. In part A of both studies, we first restrict the recommendation set to 

two items, in consistent with relevant literature (Karmarkar 2017; Friedman et al. 

2018), so each product set involves one focal item and two recommended items. We 

will lose this restriction in part B of the studies, by increasing the recommendation 
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set to six items. Both studies adopted the same stimuli, which were established by 

reviewing relevant literature.  

3. Study 

3.1 Stimuli 

It is relatively easy to identify substitutes and unrelated items for a focal product, 

even when their prices are restricted to be closed. However, identification of pairs of 

complements at similar price is not easy. Therefore, we first reviewed relevant 

literature and recognized two pairs of complements: coffee and coffee-mate 

(Bandyopadhyay 2009); pasta and pasta sauce (Walters 1991). Coffee and pasta are 

adopted as the focal items, and the recommended products used in our studies are 

listed in Table 1. Please refer to Appendix for more details. 

Before the studies, we conducted pretest on thirty students from Seoul National 

University, to confirm the recommended items we chose were perceived to have the 

expected relationship with the focal items. It is also confirmed that each group of 

products had no difference in terms of attractiveness.  

Table 1 
Stimuli for Two Studies 

Focal Product Complement Substitutes Unrelated Items 

Coffee Coffee-mate Other brands of coffee Mouse 

Pasta Pasta sauce Other brands of pasta Towels 
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3.2 Study 1A 

Study 1A is designed to test hypothesis 1 and 2, that consumers indicate different 

level of purchase intention for a focal product when it is displayed together with 

different types of recommended product. We predict that purchase intention in 

substitutable condition is higher than unrelated condition, while that in 

complementary condition is higher than these two conditions. Participants were 

shown a focal product with two recommended products, before indicating their 

purchase intention for the focal product. Across conditions, we varied the nature of 

recommended products: no recommendation (alone), complementary products 

(complementary), substitutable products (substitutable) or unrelated products 

(unrelated). Consistent to Frederick et al. (2009) and Friedman et al. (2018), we 

expected that purchase intention for the focal product would decrease when it was 

presented with other alternatives, relative to alone. More importantly, we will focus 

on the comparison among complementary, substitutable and unrelated condition. 

3.2.1 Method 

Two hundred and forty-eight participants (41% male, ages 18–40, median age 24) 

completed the survey. The experiment used a four-cell between-subjects design 

(complementary vs. substitutable vs. unrelated vs. alone), and participants were 

randomly assigned to one of the four conditions. The study is conducted on an online 

survey website that is popular in China.  

At the beginning, participants were asked to imagine that they are shopping in an 
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online store. After reading the scenario, participants were presented with the 

information page of the focal product. All participants viewed the identical focal 

product, with same price and product description. Below the focal product was a 

section titled “Customers also shopped for” with two recommended items, including 

an image and price. As mentioned above, prices of the recommended products were 

close to the focal product to avoid confounding factors. The types of recommended 

products were the manipulated factor: participants in each condition saw the 

corresponding products (complementary vs. substitutable vs. unrelated). For alone 

condition, no product recommendation was shown, and the size of the focal product 

are larger than other conditions. 

In each condition, participants indicated how likely they would be to buy the target 

instant coffee on a scale from 1 = “definitely would not buy” to 9 = “definitely would 

buy”. Aa manipulation checks, participants then indicated to what extent that they 

agree that the focal product and recommended products are complement, substitutes 

and related products on an unnumbered 100-point sliding scale, from 0 = “definitely 

not” to 100 = “definitely yes.”. The meanings and examples of complement and 

substitute were attached in case the respondents have difficulty to understand the 

questions. At the end, they completed the questionnaire by entering basic 

demographic information including age, gender and country. 

3.2.2 Result and Discussion 

Manipulation Checks. As expected, the perceived complementarity ratings (100-

point scale, 0 = not at all complementary to 100 = extremely complementary) were 
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higher in the complementary condition (coffee: Mcomplementary = 63.00; pasta: 

Mcomplementary = 72.74) than in the other conditions coffee: Msubstitutable = 29.00, Munrelated 

= 13.23; pasta: Msubstitutable = 26.50, Munrelated = 15.24; all pairwise p values < .001). 

The perceived substitutability ratings (100-point scale, 0 = not at all substitutable to 

100 = extremely substitutable) were higher in the substitutable condition (coffee: 

Msubstitutable = 75.28; pasta: Msubstitutable = 69.85) than in the other conditions coffee: 

Mcomplementary = 23.93, Munrelated = 4.23; pasta: Mcomplementary = 13.78, Munrelated = 9.30; all 

pairwise p values<.001). The perceived relatedness ratings (100-point scale, 0=not 

at all related to 100= extremely related) were lower in the unrelated condition (coffee: 

Munrelated = 8.23; pasta: Munrelated = 12.24) than in the other conditions coffee: 

Mcomplementary = 63.26, Msubstitutable = 73.55; pasta: Mcomplementary = 64.33, Msubstitutable = 

74.88; all pairwise p values<.001). These results showed that the condition 

manipulation were successful. 

Purchase Intention. We predict that purchase intention for the focal product is the 

highest in alone condition, followed by complementary, substitutable and unrelated 

condition. We conducted an ANOVA followed by a multiple comparison. The 

dependent variable is the purchase intention for the focal product and the 

manipulated factor is the type of recommended products. We first examined if the 

introduction of alternatives decreased purchase intent relative to the alone condition 

by aggregating responses from the three alternative conditions (complementary, 

substitutable, unrelated). In line with prior research on opportunity cost neglect 

(Frederick et al. 2009; Friedman et al. 2018), we found that participants were 

significantly less likely to purchase the focal product when it is presented with 
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recommended products than in the alone condition (coffee: Malone=6.67, SD=1.68 vs. 

Mrecommended=4.97, SD=1.79, t=4.80, p<0.001; pasta: Malone=7.16, SD=1.52 vs. 

Mrecommended=5.47, SD=1.74, t=4.78, p<0.001). 

Next, to test hypothesis 1 and 2, we compared purchase intention measures of 

participants in three conditions expect alone condition (coffee: Mcomplementary=5.67 vs. 

Msubstitutable=4.90 vs. Munrelated=3.97; pasta: Mcomplementary=6.44 vs. Msubstitutable=5.58 vs. 

Munrelated=4.65). Consistent to hypothesis 1, participants who were recommended 

unrelated products reported significantly lower purchase intention for the focal 

product than those who were recommended substitutable (coffee: t=2.115, p=0.039; 

pasta: t=2.221, p=0.030).  For hypothesis 2, as predicted, participants in 

substitutable condition reported significantly lower purchase intention for the focal 

product than people in complementary condition (coffee: t= 2.256, p=0.027; pasta: 

t=2.200, p=0.032). Please refer to Table 2 for all means, standard deviations and 

planned contrasts of coffee and pasta separately. For each condition, we also 

averaged the two purchase intention ratings for the focal coffee/pasta and Figure 1 

provides a direct view of comparison. 

Table 2 
Purchase Intention for Focal Product from Study 1A (Set of 3 Alternatives) 

  Purchase Intention for the Focal Items 

 N Mean (SD) t p 

Coffee     

Alone 30 6.67 (1.79) 3.898 <0.001 

Complementary 43 5.67 (1.23) 2.256 0.027 

Substitutable 29 4.90 (1.67) — — 

Unrelated 31 3.97 (1.70) 2.115 0.039 
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Pasta 

Alone 25 7.00 (1.53) 3.417 0.001 

Complementary 27 6.44 (1.42) 2.200 0.032 

Substitutable 26 5.58 (1.45) — — 

Unrelated 37 4.65 (1.75) 2.221 0.030 

NOTE: Comparison are made with the substitutes condition. 

Nine-point scale, where higher numbers indicate greater purchase intent. 

 
 

Figure 1  
Purchase Intention for Focal Product from Study 1A 

 (Aggregated Responses from Two Products, Set of 2 Alternatives) 

 

3.3 Study 1B 

In study 1A, focal products were only displayed together with two recommended 

products. It is doubtful whether the conclusion will hold when the number of options 

increases. In study 1B, we adopted the experimental design from study 1A except 

that the recommendation sets consisted of six products. Besides, we also asked 
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in their choice. 

As hypothesis 1 predicted, participants shown the recommendation of unrelated 

products reported significantly lower purchase intent for the focal product than 

people who were shown substitutable products (coffee: Munrelated=4.48 vs. 

Msubstitutable=5.52, t=2.158, p=.035; pasta: Munrelated=4.87 vs. Msubstitutable=5.92, t=2.379, 

p=.021). Consistent to hypothesis 2, participants shown the recommendation of 

substitutable products reported significantly lower purchase intent for the focal 

product than people who were shown complementary products (coffee: 

Mcomplementary=6.59 vs. Msubstitutable=5.52, t=2.886, p=.006; pasta: Mcomplementary=6.87 vs. 

Msubstitutable=5.92, t=2.391, p=0.020). Please refer to Table 3 for all means, standard 

deviations and planned contrasts of coffee and pasta separately.  

 

Table 3 
Purchase Intention for Focal Product from Study 1B (Set of 6 Alternatives) 

  Purchase Intent 

 N Mean (SD) t p 

Coffee     

Complements 27 6.59 (1.118) 2.886 .006 

Substitutes 27 5.52 (1.578) — — 

Unrelated 29 4.48 (1.975) 2.158 .035 

     

Pasta     

Complements 30 6.87 (1.253) 2.391 .020 

Substitutes 25 5.92 (1.382) — — 

Unrelated 31 4.87 (1.821) 2.379 .021 

NOTE: Comparison are made with the substitutes condition. 

Nine-point scale, where higher numbers indicate greater purchase intent. 
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Figure 2 
Purchase Intention for Focal Product from Study 1B 

 (Aggregated Responses from Two Products, Set of 6 Alternatives) 
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influences purchase intention for the focal product. We extended the study with 

another dependent variable: total purchase. We predict that recommending 

complementary product will bring up the largest total purchase. Besides, we propose 

that when consumers have opportunity to purchase the recommended products, 

substitutable product recommendation will decrease the probability of choosing the 

focal product more than unrelated product recommendation.  

3.4.1 Method 

Two hundred and forty-six participants (35%male, ages 18–38, median age 25) 

completed the survey. The experiment used a four-cell between-subjects design 

(alone vs. complement vs. substitute vs. unrelated), and participants were randomly 

assigned to one of the four conditions. We used the same stimulus in study 1A, 

presenting one focal product and two recommended products. Participants were 

asked to select the item(s) that they may purchase. They could select one, two or 

three items if they wanted, or choose to purchase none of them. On the following 

page, participants indicated their purchase intention for each product on a scale from 

1 = “definitely would not buy” to 9 = “definitely would buy”. Note that we asked 

participants to indicate purchase intention after they chose the product(s) to purchase, 

so the answer may be influenced by their previous answer. Nevertheless, the focus 

of this study is total purchase, we will not attach much attention to the purchase 

intention. At the end of the survey, participants answered manipulation check 

questions and demographic information. 
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3.4.2 Result and Discussion 

Manipulation Check. Participants in complementary condition perceived higher 

complementarity (coffee: Mcomplementary = 66.50; pasta: Mcomplementary = 69.23) than in 

the other conditions coffee: Msubstitutable = 26.25, Munrelated = 16.56; pasta: Msubstitutable = 

23.54, Munrelated = 17.24; all pairwise p values < .001). The perceived substitutability 

ratings were higher in the substitutable condition (coffee: Msubstitutable = 73.64; pasta: 

Msubstitutable = 73.25) than in the other conditions coffee: Mcomplementary = 25.43, Munrelated 

= 8.45; pasta: Mcomplementary = 16.34, Munrelated = 7.54; all pairwise p values<.001). The 

perceived relatedness ratings were lower in the unrelated condition (coffee: Munrelated 

= 6.43; pasta: Munrelated = 8.43) than in the other conditions coffee: Mcomplementary = 

66.23, Msubstitutable =69.45; pasta: Mcomplementary = 69.26, Msubstitutable = 75.90; all pairwise 

p values<.001). These results proved that the manipulation was successful. 

Purchase Intent. We first examined the purchase intention for the focal product. 

Note that participants indicated purchase intention after they chose the product(s) to 

purchase, so the answer may be distorted because of their previous answer. In spite 

of this, the results were consistent with previous results. Consumers indicated the 

highest purchase intention for a focal product in alone condition (coffee: Malone = 

6.67, SD = 1.83; pasta: Malone = 6.72, SD = 1.60), followed by complementary 

condition (coffee: Mcomplementary = 5.87, SD = 1.40; pasta: Mcomplementary = 6.26, SD = 

1.48), substitutable condition (coffee: Msubstitutable = 5.44, SD = 1.54; pasta: Msubstitutable 

= 5.31, SD = 1.54) and unrelated condition (coffee: Munrelated = 4.11, SD=1.62; pasta: 

Munrelated = 4.37, SD = 1.63).  
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Total Purchase. We first examined the total purchase in alone condition (coffee: 

Malone = .73, SD = .45; pasta: Malone = .88, SD = .33). Notice that although in this 

experiment, the total purchase in alone condition was the smallest in all conditions, 

it was still an empirical issue because we increased the size of product presentation. 

Past research suggested that the increase in attention is proportionate to the square 

root of the increase in advertisement size (e.g., Trohdahl & Jones 1965). A different 

presentation size may lead to different conclusion. Therefore, we will not include 

alone condition in the following comparison.  

Next, we conducted an ANOVA followed by a multiple comparison, with total 

purchase as the dependent variable and the type of recommended products as 

manipulated factors (coffee: Mcomplementary = 1.37, SD = .5412 vs. Msubstitutable= .94, SD 

= .422 vs. Munrelated = .97, SD = .446; pasta: Mcomplementary = 1.30, SD = .609 vs. 

Msubstitutable=. 85, SD = .464 vs. Munrelated = .87, SD = .434). Hypothesis 3 predicts that 

total purchase is smaller when the focal option is displayed together with 

complementary products than with unrelated products. As expected, we found that 

participants purchase significantly more items in complementary condition than in 

substitutable (coffee: t=3.703, p<.0001; pasta: t=3.019, p=.004) or unrelated 

condition (coffee: t=3.425, p<.0001; pasta: t=3.091, p=.005). 

Hypothesis 4 predicts that total purchase is smaller when the focal option is 

displayed together with substitutable products than with unrelated products. Contrast 

to our prediction, the difference of total purchase between substitutable and unrelated 

products is not significant (coffee: t=2.99, p=.952; pasta: t=1.71, p=.865). Please 

refer to Table 4 for all means, standard deviations and planned contrasts separately. 
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Figure 2 presents the aggregated purchase intention of two products in each 

condition to provide a direct view of comparison. 

Our hypothesis posits that total purchase is smaller when the focal option is 

displayed together with substitutable products than with unrelated products. 

However, total purchase in unrelated condition was not significantly different than 

that in substitutable condition, which is contrary to our hypothesis. We made this 

prediction because substitutable options will compete with the focal option while 

unrelated options will not. The survey answers indicate that parts of participants in 

unrelated condition chose two items to purchase, while almost no participants in 

substitutable condition chose more than one items. However, we observe that the 

percentage of participants purchasing no items in unrelated condition were 

significantly higher than that in substitutable condition (coffee: 6% vs. 17%, t=1.417, 

p=.004; pasta: 4% vs. 7%, t=1.553, p=.001). It makes sense since purchase intention 

for the focal product in unrelated condition is lower than that in substitutable 

condition. Consequently, the difference in two conditions are not significant.  

Table 4 
Total Purchases from Study 2A (Set of 2 Alternatives) 

  Total Purchases 

 N Mean (SD) t p 

Coffee     

Alone 30 .73 (.450) 1.906 .061 

Complements 38 1.37 (.541) 3.703 <.001 

Substitutes 34 .94 (.422) — — 

Unrelated 36 .97 (.446) .299 .952 

Pasta     

Alone 25 .88 (.332) .299 .767 
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Complements 27 1.30 (.609) 3.019 .004 

Substitutes 26 .85 (.464) — — 

Unrelated 30 .87 (.434) .171 .865 

NOTE: Comparison are made with the substitutes condition. 

Participants can purchase 0, 1, 2 or 3 items. 

 

Figure 3 
Purchase Intention for Focal Product from Study 2A 

 (Aggregated Responses from Two Products, Set of 2 Alternatives) 

 

3.5 Study 2B 

In study 2A, we tested hypothesis 3 and 4 in situation where focal products were 

only displayed together with two recommended products. It is doubtful whether the 

conclusion will hold when the number of recommended products increases. In study 

2B, we adopted the experimental design from study 2A except that we included six 

alternatives in the recommendation set. Besides, we also asked participant to indicate 

their perceived difficulty in marking a choice and confidence in their choice. 
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Total Purchase. The results were consistent to those in study 2A (coffee: 

Mcomplementary=1.74 vs. Msubstitutable=1.13 vs. Munrelated=1.03; pasta: Mcomplementary=1.89 vs. 

Msubstitutable=.93 vs. Munrelated=1.09). Consistent to hypothesis 3, participants who were 

shown the recommendation of complementary products chose significantly more 

item for the focal product than people who were shown substitutable (coffee: t=2.666, 

p=.010; pasta: t=5.739, p<.001) or unrelated (coffee: t=3.452, p<.001; pasta: t=6.365, 

p<.001) products. Contrast to hypothesis 4, the difference of total purchase between 

substitutable and unrelated products is not significant (coffee: Msubstitutable=1.13 vs. 

Munrelated =1.03, t=.653, p=.516; pasta: Msubstitutable=. 93 vs. Munrelated =1.09, t=1.017, 

p=.313). Please refer to Table 5 for all means, standard deviations and planned 

contrasts of coffee and pasta. 

Table 5 

Total Purchases from Study 2B (Set of 6 Alternatives) 

  Total Purchase 

 N Mean (SD) t p 

Coffee     

Complements 31 1.74 (1.154) 2.666 .010 

Substitutes 32 1.13 (.609) — — 

Unrelated 32 1.03 (.538) .653 .516 

Pasta     

Complements 33 1.89 (.809) 5.739 <.001 

Substitutes 27 .93 (.385) — — 

Unrelated 35 1.09 (.742) 1.017 .313 

NOTE: Comparison are made with the substitutes condition. 

Participants can purchase 0, 1, 2 or 3 items. 
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Figure 4 
Purchase Intention for Focal Product from Study 2B 

 (Aggregated Responses from Two Products, Set of 6 Alternatives) 

 

4. General Discussion 

4.1 Key Findings 

Previous research had explored whether and how the types of alternatives affect 

purchase intention for the focal product, but it had not yet looked at the effect 

complementary and substitutable alternatives on total purchases. We demonstrate 

that the type of recommended product does affect purchase decision. We find that 

consumers indicate lower purchase intention for a focal option when it is displayed 

together with unrelated products than with substitutable products (hypothesis 1), and 

they indicate lower purchase intention for a target option when it is displayed 
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together with substitutable products than with complementary products (hypothesis 

2). This pattern holds for recommendation set of two products (study 1A) and six 

products (study 1B). Consistent to hypothesis 3, we show that total purchases are 

larger when the focal option is displayed together with complementary products than 

with unrelated products or substitutable products. Contrast to hypothesis 4, the 

difference of total purchases between substitutable and unrelated products is not 

significant. These patterns were also replicated in both situations using 

recommendation set of two products (study 2A) and six products (study 2B). Please 

refer to Table 6 for a summary of hypotheses and test results. 

Table 6 
Hypotheses and Test Results 

Hypothesis Result 

H1: Consumers tend to have lower purchase intention for a focal 
option when it is displayed with an unrelated recommendation than 
with a substitutable recommendation. 

Supported 

H2: Consumers tend to have lower purchase intention for a focal 
option when it is displayed with a substitutable recommendation than 
with a complementary recommendation. 

Supported 

H3: Total purchases tend to be larger when the focal option is 
displayed with an unrelated recommendation than with a 
substitutable recommendation. 

Not 
supported 

H4: Total purchases tend to be larger when the focal option is 
displayed with a complementary recommendation than with an 
unrelated or a substitutable recommendation. 

Supported 

 

Why do we observe that total purchases in unrelated recommendation is not 
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significantly different than substitutable recommendation? There are two factors 

influencing total purchases. On the one hand, unrelated recommendation provides 

possibility of purchasing two or even more items while substitutable 

recommendation will not lead to purchase of more than one items. It makes sense 

because the nature of substitutes determines that consumers won’t purchase them 

together. On the other hand, unrelated recommendation decreases the probability of 

purchasing the focal option. It can be inferred since a larger percentage of 

participants purchasing no items in unrelated condition, while most participants in 

substitutable condition purchased one items. One possible explanation is that 

purchase intention for the focal product in unrelated condition is lower than that in 

substitutable condition, which lead to lower percentage of actual purchase. Another 

possible explanation is that unrelated recommendation have negative influence on 

consumer attitudes toward the e-commerce site. Some participants in unrelated 

condition did leave comment that the product recommendation was weird and some 

people doubted there was a bug in the recommender system. As a result, total 

purchases in these two conditions appears to have no significant difference. Future 

research could examine this issue more deeply. 

4.2 Theoretical Contribution and Managerial Implication 

Our research makes several theoretically important and managerially relevant 

contributions, with clear implications for retailers and e-commerce site managers. 

Our findings contribute most directly to the decision making literature. A 

considerable amount of research on decision marking mostly assumed consumers 
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have a commitment that anchors subsequent evaluation, and the alternatives are 

superior or inferior to the focal option. Though recent research has explored the 

impact of display-only items on decision making (Karmarkar 2017) and how 

considering similar versus dissimilar alternatives influences purchase decisions 

(Friedman et al. 2018), effort in analyzing the effect of alternative type on purchase 

decision, especially total purchases, is lacking. While prior research has examined 

the effects of display set on purchase intention for the focal product, we examine the 

effects of recommendation set on purchase intention as well as total purchases when 

complements, substitutes and unrelated products are involved.  

The current research also contributes to the literature on complementarity and 

substitutability. It is widely recognized that cross-category purchase is related with 

complementarity and substitutability (Seetharaman et al. 2005, Shocker et al. 2004). 

Product complementarity has been largely studied in the literature of product bundles 

(e.g., Eppen el al. 1991; Guiltinan 1987; Yadav 1994). For example, Harlam et al. 

(1995) find that consumers have higher purchase intention for bundles with 

functionally related products than for bundles of unrelated products. Our study 

brings attention to a less explored area, by examining how the complementary 

recommendation affects purchase decision. On the other hand, substitutability has 

been implicitly studied in similarity literatures. We successfully replicated the results 

of Friedman et al. (2018) that consumers express lower purchase intention for a focal 

option when it is displayed together with unrelated products with than with 

substitutable products. We extend their studies by testing whether the pattern stays 

consistent when they are faced with a larger product set. We provide evidence that 
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the pattern holds when the choice set size is increased. 

Our finding that consumers indicate lower purchase intention for a target option 

when it is displayed together with unrelated products than with substitutable products 

runs counter to more conventional similarity hypothesis, which assumes that the 

introduction of an additional alternative “hurts” similar alternatives more than 

dissimilar ones (Tversky 1972). Instead, we identified a context in which an 

unrelated option can reduce purchase intention for a focal product to larger extend 

than a substitutable option. We integrated the literature on complementarity and 

substitutability with behavioral decision theory and provides a richer framework for 

understanding how the configuration of a choice set affects purchase decisions. 

Our research which extends beyond purchase intention for a single product, should 

be of great importance to e-commerce sites manager as well as offline retailers. 

Practitioners and scholars have devoted much attention to designing algorithm and 

improving recommender systems’ performance (Adomavicius & Tuzhilin 2005). 

Recently, as recommender systems becomes more and more important, researchers 

have begun to review its impact on consumer behavior and decision making. In our 

study, types of product recommendation have been shown to be important factors of 

purchase intention for the focal product as well as total purchases. If a marketing 

manager want to stimulate sales for a specific product, display them with its 

complements can minimize the negative effect. For some products that have 

substitutes or complements with similar price and quality, e-commerce sites manager 

may want to implement a complementary recommendation for its positive effects on 

total sales. 
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4.3 Limitation and Future Research 

We acknowledge that our study has some limitations. First, our results are 

equivocal about the decision process; further research should investigate the 

underlying processes. Friedman et al. (2018) proposed that the relative importance 

of the focal goal mediates the effect of alternative type on purchase intention for the 

focal product. Our studies on total purchases indicate that there may be additional 

mediators involved, as future research could investigate. 

Second, since we intended to investigate the total purchases, we had to ensure 

consumers have enough budget to purchase all the items they want. Therefore, the 

recommended products in our experiment had a price lower than $20 and they were 

frequently purchased items. Future research could also explore whether the same 

pattern can be found in product recommendation with higher price or with other 

types of product (e.g., durable, hedonic).  

Finally, in our research we only asked the participants to evaluate one focal 

product with several recommended products. In reality, when doing online shopping, 

people often have more than one items that they planned to purchase. Future research 

could examine the effect of product recommendation on total purchases in situations 

involving one or more decisions. Our studies address the issues through experiment 

with setting that imitate e-commerce sites. It will be also interesting to analyzing 

actual user data of online shopping. 
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5. Conclusion 

In this paper, we conducted two studies to examine whether and how the type of 

recommended products (complementary vs. substitutable vs. unrelated) influence 

purchase intention for the focal option, as well as total purchases. From study 1, we 

find that consumers tend to have higher purchase intention for a focal product when 

recommended with complementary products and lower purchase intention when 

recommended with unrelated products, compared to substitutable recommendation. 

From study 2, we find that total purchases are the highest in complementary 

recommendation, while there is no significant difference between substitutable and 

unrelated recommendation.  

To summarize, our findings provides initial evidence on the effect of product 

recommendation types on the purchase intention for the focal product as well as total 

purchases. As a whole, this paper provides an overview and information useful for 

building a better understanding of the effect of recommendation sets. Given the 

importance of recommendation strategies to marketing, there is a need for more 

research that explore decision making in this context. 
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Appendix 
Stimuli (Set of 2 Alternatives for Study 1A and 2A) 

Coffee 

Alone 

 

Complementar

y 

 

Substitutable 

 



34 
 

Unrelated 

 

Pasta 

Alone 

 

Complementar
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Substitutable 

 

Unrelated 

 

 

   Stimuli (Set of 6 Alternatives for Study 1B and 2B) 

Coffee 

Complementar
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Unrelated 
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Complementar
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요약 

 

선택상품군의 구성은 구매결정에 영향을 끼친다. 최근 추천 시스템이 

점점 중요해지면서 연구자들은 추천상품군이 소비자 행동과 의사 결정에 

미치는 영향을 검토하기 시작했다. 추천 시스템을 통해 소비자에게 

제공되는 대안들은 구매 결정에 영향을 미치는 것으로 입증되었다 

(Cosley et al. 2003; Adomavicius et al. 2017). 그러나 대안 유형이 목표 옵션에 

영향을 미치는지 여부와 어떻게 영향을 미치는지에 대해서는 아직 탐구 

중이다. 

이 논문에서, 추천 상품의 유형(보완재 대 대체재 대 무관한 상품)이 

초점 옵션과 전체 구매에 대한 구매 의도에 영향을 미치는지 여부와 

어떻게 미치는지를 명시적으로 검토한다. 첫 번째 연구에서, 대체재를 

추천 받을 때에 비해서, 소비자들이 보완재를 추천 받을 때 초점제품에 

대한 구매의지를 더 높게 표현하고, 무관한 상품으로 추천 받을 때 

구매의도를 낮춘다는 것을 발견됐다. 두 번째 연구에서, 전체 구매는 

보완재를 추천 받은 사항 중 가장 높은 것이지만, 대체재를 추천 받은 

사항과 무관한 상품을 추천 받은 사항 사이에는 유의한 차이가 없다. 

이런 결과는 효율적인 추천 시스템을 개발하여 최대 매출을 창출하고자 

하는 학자 및 실무자들에게 중요하다. 

 

주요어: 대체재, 보완재, 선택상품군, 상품분류, 추천 시스템, 의사 결정 

학번: 2017-22375 
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