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Abstract

This dissertation consists of three essays that develop marketing interventions to influence consumers judgment, choice, and behaviors. Essay 1 studies whether, how, and when crossmodal correspondences affect downstream judgments. Six experiments that investigated shape-taste correspondences show that whether the correspondences influence downstream taste judgments depends on the associative strength in memory between the shape and taste. The shape of a logo (angular vs. rounded) for a bottled water (sparkling, still) or the shape of the product itself (chocolate bar) influences judgments of the water's carbonation and smoothness and the chocolate's sweetness and bitterness. However, these effects occur only if the shapetaste associative strengths reach a sufficient threshold (application threshold), even if the correspondences have surpassed the activation threshold (statistical significance). The effects are not observable in very young children because they have not yet established shape-taste correspondences, but the associative strengths increase with age, and eventually affect downstream judgments. These processes are highly automatic, occurring even when visualization is impaired. Marketers can apply these findings to design packaging that will influence consumers' expectations and perceptions of product attributes.

Essay 2 develops a behavioral intervention aimed at reducing portion size choices based on conceptual metaphor theory. In six experiments, the authors show that the simple sequential presentation of two food images that move from partial to whole (e.g., a pizza with one vs. no missing pieces) reduces portion size choice compared to all other possible sequences. This effect occurs because the partial-to-whole sequence activates the metaphorical concept of fullness, which transfers to judgments of appetitive fullness (metaphor transfer effect). The effects occur even when the sequential images are unrelated to food, is robust across languages, age groups, food type, and hypothetical and actual food choice contexts. The effect of image sequence on portion size choice is mediated by reduced perceptions of hunger and is attenuated when visualization abilities are inhibited. The intervention is conducive to implementation in online food-ordering contexts and applicable for both commercial and non-commercial situations (e.g., diet apps, school cafeteria apps).

Essay 3 studies whether prosocial incentive scheme can effectively motivate consumers to participate in online referral programs. Most online referral programs are based on promoting consumers' self-interests, either by rewarding referrers only, or by rewarding both referrers and recipients. Very few of them employ a prosocial strategy which rewards recipients only (but not referrers). In this paper, we present five behavioral experiments (including a large-scale randomized field experiment) in a variety of settings. We demonstrate the effectiveness of the prosocial strategy in motivating, not only referrers to make referrals, but also recipients to adopt the referred products. We show that the prosocial strategy can be as effective as the double-sided strategy, which rewards both referrers and recipients, albeit the prosocial strategy only requires half of the marketing expenditure for online retailers. We further find that referrers' prosocial tendencies in the prosocial strategy are driven by altruism, while offering extrinsic rewards crowds out referrers' altruistic motives. Interestingly, we also find that referrers' altruistic tendencies in the prosocial strategy are inhibited with an increased action cost of referral behaviors, but not with an increased social cost of referral behaviors, thereby showing the asymmetrical moderating roles of action cost and social cost. We conclude the paper by offering managerial implications for designing effective prosocial reward strategies.

Abstrait

Cette thèse se compose de trois essais qui développent des interventions marketing pour influencer le jugement, le choix et les comportements des consommateurs. L'essai 1 étudie si, comment et quand les correspondances inter-modales affectent les jugements en aval. Six expériences qui ont étudié les correspondances forme-goût montrent que l'influence des correspondances sur les jugements de goût en aval dépend de la force associative dans la mémoire entre la forme et le goût. La forme d'un logo (angulaire ou arrondi) pour une eau en bouteille (pétillante, plate) ou la forme du produit lui-même (barre de chocolat) influence les jugements sur la carbonatation et la douceur de l'eau, ainsi que sur la douceur et l'amertume du chocolat. Cependant, ces effets ne se produisent que si les forces associatives forme-goût atteignent un seuil suffisant (seuil d'application), même si les correspondances ont dépassé le seuil d'activation (signification statistique). Les effets ne sont pas observables chez les très jeunes enfants car ils n'ont pas encore établi de correspondance forme-goût, mais les forces associatives augmentent avec l'âge, et finissent par affecter les jugements en aval. Ces processus sont hautement automatiques et se produisent même lorsque la visualisation est altérée. Les spécialistes du marketing peuvent appliquer ces résultats pour concevoir des emballages qui influenceront les attentes des consommateurs et leur perception des attributs du produit. L'essai 2 développe une intervention comportementale visant à réduire les choix de taille de portion basée sur la théorie de la métaphore conceptuelle. Dans six expériences, les auteurs montrent que la simple présentation séquentielle de deux images d'aliments qui passent de partiel à entier (par exemple, une pizza avec une ou aucune pièce manquante) réduit le choix de la taille des portions par rapport à toutes les autres séquences possibles. Cet effet se produit parce que la séquence partielle à entière active le concept métaphorique de plénitude, qui se transforme en jugements de plénitude appétitive (effet de transfert de métaphore). Les effets se produisent même lorsque les images séquentielles ne sont pas liées à la nourriture, sont robustes à travers les langues, les groupes d'âge, les types d'aliments et les contextes de choix alimentaires hypothétiques et réels. L'effet de la séquence d'images sur le choix de la taille des portions est médié par des perceptions réduites de la faim et est atténué lorsque les capacités de visualisation sont inhibées. L'intervention est propice à la mise en oeuvre dans des contextes de commande de nourriture en ligne et s'applique à la fois aux situations commerciales et non commerciales (par exemple, applications de régime, applications de cafétéria scolaire).

L'essai 3 étudie si un programme d'incitation prosocial peut motiver efficacement les consommateurs à participer à des programmes de référence en ligne. La plupart des programmes de parrainage en ligne sont basés sur la promotion des intérêts personnels des consommateurs, soit en récompensant uniquement les référents, soit en récompensant à la fois les référents et les destinataires. Très peu d'entre eux utilisent une stratégie prosociale qui récompense uniquement les destinataires (mais pas les référents). Dans cet article, nous présentons cinq expériences comportementales (y compris une expérience de terrain randomisée à grande échelle) dans divers contextes. Nous démontrons l'efficacité de la stratégie prosociale pour motiver non seulement les référents à faire des références, mais également les destinataires à adopter les produits référés.

Nous montrons que la stratégie prosociale peut être aussi efficace que la stratégie double face, qui récompense à la fois les référents et les destinataires, même si la stratégie prosociale ne nécessite que la moitié des dépenses marketing des e-commerçants. Nous constatons en outre que les tendances prosociales des référents dans la stratégie prosociale sont motivées par l'altruisme, tout en offrant des récompenses extrinsèques évince les motivations altruistes des référents. Fait intéressant, nous constatons également que les tendances altruistes des référents dans la stratégie prosociale sont inhibées avec un coût d'action accru des comportements d'orientation, mais pas avec un coût social accru des comportements d'orientation, montrant ainsi les rôles modérateurs asymétriques du coût d'action et du coût social. Nous concluons l'article en proposant des implications managériales pour la conception de stratégies de récompense prosociales efficaces.

I completely enjoy the countless intellectual interactions with you both. It was truly my honor and my fortune to work with you during these unforgettable PhD years. Professor Xitong Li, my co-author and my friend, I want to send my huge appreciation to you for everything you have done for me. You were always beside me during the happy and hard moments to motivate me, for which I am very grateful. You provided me with numerous great opportunities and resources that are rare for PhD students to get to explore my research ideas. My huge thanks also to Professor Kristine De Valck. It is really my luck that I have you during my PhD years. Your extreme warmth and empathy help me get through countless difficult moments in the past six years. You are my mentor and my friend, but I prefer to treat you as my family member. My big thanks next extend to Melanie, Françoise, Britta, Julie, Christelle, and Francine. Without you all, I cannot imagine what my PhD life would be like. I really appreciate your friendliness and patience when I need your help. I also really appreciate all the help from Peter, Cathy, Anne-Laure, Daniel, Marc, Anne-Sophie, Yangjie, Andreas, Valeria, Ludovic, and Dominique during the past six years. Thank you so much to all my good friends accompanying me during my PhD years: Fan, Sukhyun (my hyung), Zilu, Yapei, Jing, Yufei, and Ana. Finally, I acknowledge the people who mean a lot to me: Mom and Dad, thank you for your unconditional love and support in my life, and giving me liberty to choose what I desired; my parents in law, thank you for your moral support and love; my wife, Weiwei, words would never say how grateful I am to you for your continued and unfailing love, support, and understanding during my pursuit of PhD. I consider myself the luckiest in the world to have such a lovely family.

When consumers make choices about which foods to buy, they rely on their existing taste preferences, and these preferences can vary across consumers. For example, some consumers prefer sweeter chocolates, some prefer more bitter chocolates. Some consumers like still waters, some like sparkling waters. Even within the latter category, tastes can vary. Some consumers prefer highly carbonated waters, others less carbonated.

However, when choosing a food for the first time, it is difficult if not impossible for consumers to know what the food tastes like before purchase. Particularly for in-store purchases, the packaging may provide little or no explicit information. Moreover, using the examples of sparkling water and chocolates, even when explicit information is available, it may provide little help to non-connoisseurs (i.e., interpreting carbonation in terms of mg/l or pH, or chocolates in terms of percent cocoa). In such situations, how do consumers decide which product is most likely to meet their taste needs?

Building on research on crossmodal sensory correspondences (matches between features in one sensory modality and features in another sensory modality; Spence 2012), we propose that consumers may rely on subtle shape cues that signal to them the likelihood of a specific taste, such as the shape of a product's logo or the shape of the product itself. In fact, crossmodal correspondences among all five senses are well-established (Spence 2012). Recent research, moreover, suggests that these associations can affect downstream product judgments. For example, the shape of a logo influences haptic expectations for a product (Jiang et al. 2016), and the color saturation of a product [START_REF] Hagtvedt | Color Saturation Increases Perceived Product Size[END_REF] and the sounds of brand names [START_REF] Lowrey | Phonetic Symbolism and Brand Name Preference[END_REF] influence size expectations. These expectations, in turn, influence attitudes and behaviors. This general set of findings has obvious appeal for marketers. Sensory-related attributes of a product-the shape of a logo, the color of a product, the sound of a brand name-are easy to manipulate, particularly with new product introductions. Consequently, a) given the plethora of research documenting crossmodal correspondences, and b) the growing body of research showing downstream crossmodal effects on product judgments, marketers might reasonably assume that all they need to leverage these effects is knowledge of the established crossmodal correspondences.

In the present research, however, we show that this assumption is wrong. In six experiments, we show that whether crossmodal correspondences produce the expected downstream effects depends on qualities of the crossmodal correspondences. In particular, we demonstrate that downstream effects are a function of the strength of association in memory between the two sensory features, and that merely demonstrating significant crossmodal correspondences (those occurring at a rate greater than chance; reaching activation threshold) is a necessary but not sufficient condition for realizing downstream effects. Rather, the associative strength in memory must reach a certain threshold (application threshold) to influence downstream judgments.

Indeed, as we detail in the following section, although the existence of shape-taste correspondences has been consistently documented, research on the effects of these correspondences on downstream judgments has been inconsistent. Our research provides a potential explanation for these inconsistencies.

We also investigate the automaticity of the downstream effects, and in particular whether they require a visualization process or are mental-load-independent. Whether the process is dependent on visualization is not merely a theoretical issue, it also has important implications for the application of shape-taste correspondence downstream effects in marketing settings. If the generation of the downstream effects requires a visualization process that consumes substantial mental resources, the crossmodal effects will likely be severely diminished in both online and offline shopping environments that distract visual attention and impede visualization, such as simultaneous visual displays of various products in a limited space.

Our research makes several important contributions. First, we contribute to the growing literature on the effects of crossmodal correspondences on consumer judgments by demonstrating the conditions under which these downstream effects occur. Second, we contribute to the literature on the processes underlying crossmodal correspondence effects by addressing the extent to which the process is automatic, and particularly whether visualization is required for downstream effects. Research has been inconsistent on the need for visualization,

and our research provides a potential explanation for the conflicting findings. Third, we contribute to the developmental literature on crossmodal correspondence effects, and show that, at least for the shape-taste correspondences we investigate, the strength of the crossmodal associations are not detectable in very young children, but develop with age, eventually reaching a sufficient strength to produce the same downstream effects noted for adults. Finally, each of these theoretical contributions has direct and important managerial implications that can easily be implemented.

THEORETICAL DEVELOPMENT

Shape is one of the most important properties of objects in nature. In marketing practice, shape is an important visual element of art used in advertising, branding, and packaging design [START_REF] Krishna | Sensory Aspects of Package Design[END_REF]. Humans not only perceive shapes, but also develop associations between shapes and other sensory features (crossmodal associations). For example, people reliably match shapes with features of sensory modalities such as color [START_REF] Chen | Color-Shape Associations Revealed with Implicit Association Tests[END_REF], pitch [START_REF] Walker | Cross-Sensory Correspondences and Cross Talk Between Dimensions of Connotative Meaning: Visual Angularity Is Hard, High-Pitched, and Bright[END_REF], and tactile hardness [START_REF] Lundholm | The Affective Tone of Lines: Experimental Researches[END_REF].

Shape and Taste Correspondences and Their Downstream Effects

Consumers can reliably match shapes and tastes. For example, angular shapes are associated with bitter, sharp, and carbonated tastes, and rounded shapes are associated with sweet, mild, and smooth tastes [START_REF] Ngo | Assessing the Shapes and Speech Sounds That People Associate with Chocolate Samples Varying in Cocoa Content[END_REF]Spence et al. 2013;Spence and Gallace 2011).

However, whether the particular shapes influence corresponding downstream taste judgments is less clear. For example, in one study with British participants, beverages in bottles with an angular shape were expected to taste more sour and less sweet than beverages in bottles with a rounded shape [START_REF] Velasco | Predictive Packaging Design: Tasting Shapes, Typefaces, Names, and Sounds[END_REF]. In contrast, in another study, British participants thought foods served on round plates tasted sweeter than those same foods served on angular (square) plates, but plate shape did not affect perceptions of sourness [START_REF] Fairhurst | Bouba-Kiki in the Plate: Combining Crossmodal Correspondences to Change Flavour Experience[END_REF]. Still other studies found no effects of plate shape (angular vs. rounded) on Spanish participants' (Piqueras-Fiszma et al. 2012) and Canadian participants' [START_REF] Stewart | Plate Shape and Colour Interact to Influence Taste and Quality Judgments[END_REF]) perceptions of sweetness. Similar inconsistent findings on shape-taste crossmodal effects have been reported for other tastes, such as sharpness [START_REF] Harrar | The Taste of Cutlery: How the Taste of Food Is Affected by the Weight, Size, Shape, and Colour of the Cutlery Used to Eat It[END_REF]. Thus, although consumers can reliably match particular shapes to tastes, downstream crossmodal effects are not consistently observed.

Although it is difficult to generalize across a small number of studies that differ on many characteristics, as we discuss in the following sections, shape-taste correspondences are likely learned associations. If so, the strengths of these associations may vary across learning environments and even vary in the course of individual development. Consequently, we propose that even though shape-taste associations may exist for particular people, the associations may not be sufficiently strong to produce downstream effects on taste judgments. Thus, the existence of shape-taste associations may be a necessary but not sufficient condition for producing downstream effects.

Underlying Processes

Semantic associative strength. We conceptualize crossmodal sensory correspondences in terms of a spreading-activation theory of semantic processing (Collins and Loftus 1975).

Spreading-activation theory regards human memory as a semantic associative network in which concepts and knowledge are stored in the form of nodes. Associations are represented by connections between the nodes (e.g., the nodes of shapes and tastes), and the length of the connections between nodes (concepts) reflects the strength of their association: the shorter the linkage between nodes, the stronger the association between them. Thus, in terms of shape-taste correspondences, when a shape node is activated (e.g., angular shape), it will automatically spread out to connected nodes (e.g., bitterness, sourness, carbonation), which in turn may be activated. However, a simple linkage between nodes does not guarantee that activation of one node will activate another linked node. Rather, for the association (link) to be activated, the associative strength must reach a sufficient threshold (Collins and Loftus 1975). We refer to this threshold as the activation threshold.

Further, the issue of associative strength thresholds also has important implications for whether the crossmodal association has downstream effects on taste judgements. For these associations to impact downstream judgments, we argue that the crossmodal association must be sufficiently strong that it is not only activated, but also spontaneously applied to the downstream judgment. In other words, we argue that the associative strength must reach a sufficient threshold for automatic application to downstream judgments. We refer to this threshold as the application threshold. Moreover, the application threshold must necessarily be greater than the minimum activation threshold. We test this proposition in our studies. If our reasoning is correct, it may potentially explain why research on known shape-taste correspondences does not always produce downstream effects on taste judgments.

Symmetry of shape-taste associations. Shape-taste correspondences (and crossmodal correspondences in general) are typically conceptualized and assessed by comparing polar opposites on the two dimensions (shape and taste). For example, angular shapes are more associated with bitter than with sweet tastes, and rounded shapes are more associated with sweet than with bitter tastes [START_REF] Ngo | Assessing the Shapes and Speech Sounds That People Associate with Chocolate Samples Varying in Cocoa Content[END_REF]). Thus, shape-taste correspondences may be assessed by first asking participants to either imagine or taste a food or drink, and then mark a point along a visual analog scale anchored at one end by an angular shape and at the other end by a rounded shape. Support for the crossmodal correspondence is shown when the expected congruent ratings (e.g., angular with bitter, rounded with sweet) differ from the midpoint of the scale, and from each other (cf. [START_REF] Ngo | Assessing the Shapes and Speech Sounds That People Associate with Chocolate Samples Varying in Cocoa Content[END_REF]Spence and Gallace 2011).

Although these tests are appropriate for assessing the existence of a crossmodal correspondence, it is often difficult to discern whether the particular correspondences between shape and taste have similar associative strengths. For example, it may be that the association between angular shapes and bitter tastes is stronger than the corresponding associations of the opposing shapes and tastes (e.g., rounded shapes with sweet tastes). If so, then the relative associative strength may influence the extent to which these associations influence downstream taste judgments. Consequently, it is possible that, using the examples just described, angular shapes may influence taste judgments of bitterness, but round shapes may not influence taste judgments of sweetness. Our research also explores this possibility.

Shape-taste associations develop over time. Given research showing cross-cultural differences in shape-taste correspondences [START_REF] Bremner | Bouba' and 'Kiki' in Namibia? A Remote Culture Make Similar Shape-Sound Matches, but Different Shape-Taste Matches to Westerners[END_REF], we assume the correspondences are likely learned over time from environmental cues. If so, they should be a function of human developmental processes, which suggests that the effects may not be observed at early stages of child development. In fact, there is a close relationship between the development of semantic associations and abstract reasoning ability [START_REF] Hutchison | Is Semantic Priming Due to Association Strength or Feature Overlap? A Microanalytic Review[END_REF]. Building on [START_REF] Piaget | Part I: Cognitive Development in Children: Piaget Development and Learning[END_REF] theory of cognitive development, [START_REF] John | Consumer Socialization of Children: A Retrospective Look at Twenty-Five Years of Research[END_REF] suggests that children in the perceptual stage (ages 3-7) focus predominantly on perceptual features of stimuli, typically a single dimension, but lack abstract reasoning that connects multiple features. However, as children move into the analytical stage (ages 7-11), their thinking shifts from a perceptual orientation to a more abstract orientation, which enables them to consider abstract, common features of objects and events, and thus develop corresponding semantic associations. Thus, we expect that children are more likely to develop shape-taste correspondences that reach the activation threshold at the analytical stage. Further, these associative strengths may further increase with age, to the point that they reach the application threshold, and thus the effects of shape-taste correspondences on downstream judgments are also likely to start occurring at this stage. If so, crossmodal effects on downstream judgments are more likely to occur among adults and older children than among younger children.

Automaticity of shape-taste correspondence downstream effects. Whether the processes underlying crossmodal correspondence downstream effects are automatic is not only an important theoretical question, it also has important implications for the efficacy of marketing applications. Addressing this question requires two considerations. The first is defining automaticity. Although there is not full consensus on the definition, recent conceptualizations consider automaticity as a function of at least four features: they are fast (i.e., occur very early in information processing), occur outside of awareness, are uncontrollable, and are mental loadinsensitive [START_REF] Moors | Automaticity: A Theoretical and Conceptual Analysis[END_REF]. Thus, rather than viewing automaticity as a unitary or all-or-none construct, automaticity may be diagnosed by the extent to which a process exhibits these features.

The second consideration is the delineation of two different types of crossmodal correspondence effects: the automaticity of the associations themselves, and the automaticity of the process of applying the correspondences to downstream judgments. For example, automaticity of a crossmodal association between shape and taste pertains to the extent to which presentation of one sensory dismission (e.g., an angular shape) automatically activates the presumed associated taste dimension (bitter). The general consensus is that most crossmodal associations are quite automatic (Spence and Deroy 2013a).

With respect to the automaticity of the application of associations to downstream judgments, the findings are less clear. Recent research in marketing provides some clear examples. In the context of the effects of sound symbolism of brand names on taste attributes, [START_REF] Yorkston | A Sound Idea: Phonetic Effects of Brand Names on Consumer Judgments[END_REF] found that the crossmodal effects of sounds on taste judgments occurred outside of awareness and were mental-load-independent. In contrast, the crossmodal effects of shape on haptic judgments does not appear to be mental-load-independent, but instead requires a visualization process that consumes substantial mental resources. For example, in one study, the shape of a logo (angular, rounded) influenced perceptions of comfort and durability of a sofa (Jiang et al. 2016). However, these effects were eliminated under visual load conditions that inhibit the visuospatial working memory, and the effects were observed only for those scoring higher on an imagery disposition measure. Similar findings were reported by [START_REF] Lowe | Sounds Big: The Effects of Acoustic Pitch on Product Perceptions[END_REF], who found that the crossmodal downstream effects of sound pitch on perceived product size were driven by a visualization process, and thus were eliminated under visual load conditions. One potential explanation for these seemingly conflicting findings is that automaticity may be a function of how individuals construct sensory judgments of the target product's attributes. More specifically, whether crossmodal effects require a visualization process is likely to be contingent on whether individuals spontaneously generate visual images of the target when they make judgments about its sensory qualities, such as whether a sofa will be comfortable or durable (Jiang et al. 2016) or the size of a hamburger [START_REF] Lowe | Sounds Big: The Effects of Acoustic Pitch on Product Perceptions[END_REF]. In fact, mental imagery is usually involved when making perceptual judgments of haptic features [START_REF] James | Haptic Study of Three-Dimensional Objects Activates Extrastriate Visual Areas[END_REF], consistent with the findings of Jiang et al. (2016), and individuals typically spontaneously generate mental imagery when they judge visual features of objects such as size (Spence and Deroy 2013b), consistent with the findings of [START_REF] Lowe | Sounds Big: The Effects of Acoustic Pitch on Product Perceptions[END_REF]. In such cases, if the visualization process is inhibited, then the application of the accessible crossmodal associations may also be inhibited.

However, not all sensory judgments require visualization. One example is taste judgments. Mental imagery is not a necessary component for taste judgments [START_REF] Kobayashi | Functional Imaging of Gustatory Perception and Imagery: 'Top-Down' Processing of Gustatory Signals[END_REF]), and thus it is unlikely that individuals would spontaneously generate images to judge how a product should taste. In such cases, the accessible crossmodal association (e.g., shape-taste) should be successfully applied to taste judgments even if visual processing abilities are constrained. Our research also addresses these possibilities.

HYPOTHESES AND EMPIRICAL OVERVIEW

The primary hypothesis we test is whether shape-taste correspondences influence downstream judgments depends on the associative strength in memory between the two sensory features. We expect that the effect of shape on taste judgments will be moderated by associative strength, such that stronger associations will produce stronger downstream effects. Moreover, we expect that even when shape-taste associations are statistically significant (reach activation threshold), they will not affect downstream judgments unless the associative strength reaches a sufficient threshold (application threshold).

Studies 1A-1C tested the primary hypothesis by focusing on the downstream effects of two pairs of primary shape-taste correspondences: the relations between angular and round shapes on judgments of carbonation and smoothness in bottled waters, and the relations between angular and round shapes on judgments of bitterness and sweetness of chocolate bars. For the bottled water studies in particular, we conducted the studies with participants from a country (France) in which bottled water is a highly differentiated product category, and personal tastes exhibit clear variation in terms of preferences for sparkling and still waters and degrees of carbonation and smoothness. For the bottled water studies, we manipulated shape via the bottle logo, and for the chocolate studies, we manipulated the product shape.

In Study 2, we tested a naturally occurring boundary condition regarding associative strength. We expect that if associations between shape and taste are developed over time, then the associations should occur after children enter the analytical stage of cognitive development in which their abstract ability is developed, and should be stronger for older children than for younger children, which should in turn have differential effects on taste judgments as a function of age.

Finally, we tested whether downstream effects of shape-taste correspondences require a visualization process (Studies 3A and 3B). Because judgments of taste typically do not require a visualization process, we expect that crossmodal shape-taste effects should be observed even when a visualization process is impaired (Study 3A). However, if consumers are conditioned to visualize tastes, then impairing visualization during the taste judgment process should reduce or eliminate the crossmodal effects (Study 3B).

Across all studies, we analyzed the data only after all responses had been collected, no participants' data were excluded from analyses, and details of all measures and manipulations are provided in the Web Appendix.

STUDY 1A: LOGO SHAPE AND TASTE EXPECTATIONS FOR BOTTLED WATER

Study 1A tested whether shape-taste correspondences influence downstream judgments on product taste attributes and whether the generation of the downstream effects depends on the associative strength of the shape-taste correspondences. We manipulated the logo shape of a bottled drink (sparkling or still water) and compared participants' judgments of how carbonated and smooth the drinks would taste between the logo conditions. We also measured participants' associative strengths of angular-carbonated and rounded-smooth correspondences and tested whether the downstream effects occurred only if the associative strengths reached a sufficient threshold (application threshold).

Method

Participants and design. Two hundred forty-three French college students (144 women; Mage = 22.03 years) participated in the study in exchange for an opportunity to participate in a lottery to win 30€. Participants were randomly assigned to conditions in a 3 (logo shape: angular, rounded, no logo) × 2 (drink type: sparkling, still water) × 2 (taste judgment: carbonated, smooth) mixed design, with logo shape and drink type as between-subjects factors and taste judgment as a within-subjects factor.

Procedure. Participants were informed that a beverage company was launching a new bottled drink and wanted consumers' feedback on the packaging. Next, we showed participants a bottle that had either an angular or rounded logo, or no logo, with all other package elements held constant (see Web Appendix A). Participants then rated how carbonated and smooth they thought the drink would taste (1 = not at all, 9 = very much), and then (except for those in the control condition) indicated their attitudes toward the bottle logo along a 3-item, 9-point scale ( 1= not at all, 9 = very; α = .94). Finally, to measure associative strength, we showed participants two slider line scales, anchored by an angular shape and a rounded shape at the left (-4) and right end (4). The shapes were the ones used in the classic "Kiki" and Bouba" studies [START_REF] Ramachandran | Synaesthesia-A Window into Perception, Thought and Language[END_REF]. Participants dragged the slider to a point that best matched their taste experience when drinking sparkling or still water.

Results and Discussion

A 2 (logo shape) × 2 (drink type) ANOVA confirmed that there was no difference on participants' liking of the logos across conditions (ps > .79).

Shape-taste crossmodal correspondences. We first assessed the presence of crossmodal correspondences of angular shape-carbonation and rounded shape-smooth, and the relative strengths of these associations. To do so, we used participants' slider scale ratings of the shapetaste correspondences, and conducted separate one-sample t-tests with 0 (i.e., the mid-point of the scale) as the test value to examine the associations between angular and rounded shapes and tastes sparkling and still water. As expected, the associations between angular shapes and the carbonated taste of sparkling water (M = -2.98, SD = 1.31, t(242) = -35.39, p < .001), and between rounded shapes and the smooth taste of still water (M = 2.07, SD = 1.92, t(242) = 16.75, p < .001), were both significant. To determine the relative associative strength between angular shape-carbonation and rounded shape-smoothness, we compared the distances from participants' taste ratings to the mid-point between the two congruent conditions (the longer the distance, the stronger the associative strength). Paired-samples t-test indicate that participants' angular-carbonation associative strength (M = 2.98, SD = 1.31) was significantly stronger than the rounded-smooth associate strength (M = 2.07, SD = 1.92, t(242) = 7.11, p < .001).

Shape-taste crossmodal effects. We next examined whether the shape-taste correspondences influenced participants' judgments of the tastes of sparkling and still bottled waters. To do so, we conducted separate 3 (logo shape: angular, rounded, no logo) × 2 (taste judgment: carbonation, smoothness) mixed-model ANOVAs, with logo shape as a betweensubjects factor and taste judgment as a within-subjects factor, for sparkling and for still water.

The results of these analyses can be seen in Figure 1. (Note that although our primary interest is the effect of logo shape on judgments of carbonation for sparkling water (top left panel of Figure 1), and the effect of logo shape on judgments of smoothness for still water (bottom right panel of Figure 1), given the fully crossed design, participants also rated the smoothness of the sparkling water and the carbonation of the still water. Although these latter judgments are not central to our main concerns, they are valuable for checking the discriminant validity of our measurements.)

For sparkling water, only the interaction of logo shape and taste judgment was significant (F(2, 118) = 9.40, p < .001). As the left portion of Figure 1 (top panel) shows, consistent with our expectations, participants rated the sparkling water as more carbonated in the angular logo condition (Mangular = 5.40, SD = 2.18) than in the no logo condition (Mno logo = 4.07, SD = 1.74, t(118) = 3.02, p = .003) and in the rounded condition (Mrounded = 4.28, SD = 2.00, t(118) = 2.54, p = .01), with no difference between the latter two conditions (t(118) = .46, p = .65). These results suggest that the angular logo increased expectations of the sparkling water's carbonation, but the rounded logo had no effect.

For still water, the main effect of taste judgment (F(1, 119) = 337.93, p < .001) was significant, as was the interaction of logo shape and taste judgment (F(2, 119) = 4.75, p = .01).

As the bottom right portion of Figure 1 indicates, although participants rated the still water as more smooth in the rounded logo condition (M = 6.38, SD = 2.08) than in the angular logo condition (M = 5.05, SD = 2.09; t(119) = 2.86, p = .005), their ratings of smoothness for still water did not differ between the rounded (M = 6.38, SD = 2.08) and no logo conditions (M = 6.41, SD = 2.10; t(119) = .09, p = .93), but ratings of smoothness decreased in the angular logo condition compared to the no logo condition (t(119) = 2.96, p = .004). These findings indicate that the rounded logo had no effect on judgments of smoothness in the still water, but that the angular logo decreased expectations of a smooth taste.

The results of the other conditions are also instructive. Although smoothness is not an obvious dimension on which to rate sparkling water, participants nevertheless logically rated the sparkling water as less smooth in the angular logo condition (Mangular = 4.15, SD = 1.87) than in the rounded (Mrounded = 5.68, SD = 2.12, t(118) = 3.25, p = .002) and no logo conditions (Mno-logo = 5.38, SD = 2.27, t(118) = 2.63, p = .01), with no difference between the latter two conditions (t(118) = .65, p = .52; Figure 1, top right panel). These results again suggest that the effect of logo shapes on judgments of smoothness are driven by the angular logo, with no effect of the rounded logo, which does not differ from the control group. For judgments of the expected level of carbonation for a still water, participants' ratings of carbonation for the still water were at a very low level and did not differ between the logo conditions (Mangular = 1.85, SD = .88, Mrounded = 1.73, SD = .99, Mno-logo = 1.71, SD = 1.03, F(2, 119) = .28, p = .76; Figure 1, bottom left panel), which is consistent with the features of still water and suggests good discriminant validity of our measures.

[INSERT FIGURE 1 HERE]

Moderating effects of associative strength. The results just discussed indicate that the angular logo affects perceptions of carbonation, but the rounded logo has no effect on perceptions of smoothness, even though the associative strengths for both were significant. These results suggest that the associative strength of the angular-carbonated correspondence reached the application threshold, but that the rounded-smoothness association did not. To further explore these possibilities, and to specifically test the hypothesis that associative strength moderates the effect of shape-taste correspondences on downstream taste judgments, we conducted separate moderation analyses for sparkling and still water using Hayes' (2013) PROCESS Model 1, with logo shape (angular or rounded vs. no logo) as independent variables, taste judgment (carbonation, smoothness) as dependent variables, and associative strength (angular/carbonated or rounded/smooth) as moderators. As expected, the interactions between shape and associative strength for both sparkling (B = -.74, SE = .33, t = -2.26, p = .026) and still water (B = .82, SE = .23, t = 3.61, p < .001) were significant, indicating that the associative strength moderates the crossmodal effect of shapes on downstream taste judgments.

To examine the application threshold, we conducted a floodlight analysis [START_REF] Spiller | Spotlights, Floodlights, and the Magic Number Zero: Simple Effects Tests in Moderated Regression[END_REF]). The Johnson-Neyman technique [START_REF] Johnson | Tests of Certain Linear Hypotheses and Their Application to Some Educational Problems[END_REF] indicated that for sparkling water, the point at which the effects become significant is an associative strength of -2.56. For still water, the associative strength threshold was 3.88. Thus, at an aggregate level, given that participants' associative strength of angular shape and carbonation (M = -2.98) was beyond the threshold (-2.56), angular logos significantly enhanced carbonation judgements of sparkling water. However, given that participants' associative strength between rounded shape and smoothness (M = 2.07) was far below the threshold (3.88), rounded logos did not enhance smoothness judgments of still water.

Supplementary studies: Replications. In the current study, we used an explicit method (visual analog scale) for measuring associative strength. Although the results were consistent with our hypotheses, other methods (e.g., implicit methods) are likely more precise and thus better suited for measuring associative strength. Given the importance of associative strength in our theorizing (and particularly the differences in associative strengths for conceptually similar shape-taste matching relationships), we conducted two additional studies to demonstrate the generalizability of our findings. (We provide full details of methods and results in Web Appendix A).

In the first study, we measured associative strength with the Implicit Association Test (IAT). The experiment used a 2 (shape: angular, rounded) × 2 (shape/taste congruity: congruent, incongruent) within-subjects design, and the results replicated the findings of Study 1A. Significant associations were observed between both angular shapes and carbonation, and between rounded shapes and smoothness (response latencies were shorter in the congruent groups than in the incongruent groups for both angular and rounded shapes). However, the strength of association was again significantly stronger for the angular-carbonated association than for the rounded-smooth association (response latencies in the congruent group of angular shape were shorter than that of rounded shape).

The second study measured associative strength using a lexical decision task in which participants were first exposed to either angular or rounded shapes, and we then measured how quickly participants recognized either a sparkling or still water. Again, our findings were confirmed. Angular shapes facilitated participants' responses to sparkling water (shorter response latencies than for rounded shapes), but rounded shapes did not facilitate participants' responses to still water (response latencies did not differ from exposure to angular shapes). These results are consistent with the findings of shape-taste correspondence effects at an explicit judgmental level, namely, that the priming effects of angular shape on carbonation and rounded shape on smoothness are asymmetrical.

Taken together, the current study provides evidence that conceptually symmetrical shape--taste correspondences (angular-carbonated vs. rounded-smooth) may have different (asymmetrical) associative strengths. More importantly, we show that the associative strengths determine whether the crossmodal associations will influence downstream taste judgments. We provide direct evidence (via moderation analysis) that shape-taste correspondences produce downstream effects only when the associative strengths reach a sufficient (application) threshold, and this threshold is greater than the activation threshold. In the next two studies, we test the generalizability of these effects.

STUDY 1B: ASSYMETRICAL CROSSMODAL EFFECTS ON TASTE PERCEPTIONS

The objective of Study 1B was to demonstrate the generalizability of the findings of Study 1A by replicating the effects with a different downstream judgment (actual taste perceptions following a taste test) and using a different manipulation of logo shape. Based on the results of Study 1A, we expected that the angular logo would influence perceptions of carbonation, but that the rounded logo would not influence perceptions of smoothness.

Method

Participants and design. Two hundred ninety-three French college students (176 women; Mage = 22.72 years) who participated in return for 2€ were randomly assigned to conditions in a 3 (logo shape: angular, rounded, no logo) × 2 (drink type: sparkling, still water) × 2 (taste judgment: carbonated, smooth) mixed design, with logo shape and drink type as betweensubjects factors and taste judgment as a within-subjects factor.

Procedure. In a study ostensibly to test a new bottled drink, participants were told that the product was in an early stage of testing, and it did not yet have a brand name, just a rough logo (in the logo conditions only), and that we were only interested in their taste ratings. Participants were individually tested in a room that had been set up in advance. (See Web Appendix B for precise details of procedures, manipulations, and measures). Each participant was given a bottle of either sparkling or still water, with either an angular logo, rounded logo, or no logo. Just prior to their entry into the room, the bottle had been filled with a popular brand of either still or sparkling water. Participants were provided written instructions indicating that we wanted them to taste the product and then answer some questions about it. Next, participants tasted the water and rated how carbonated and smooth they thought the drink tasted, each along a 16 cm line scale (anchors: not at all, very). (Numbers in results section indicate length in cm, range 0-16).

Finally, participants indicated their attitudes toward the logo (except in the no-logo condition) with the same 3-item scale used in the previous experiment (α = .93).

Results and Discussion

A 2 (logo shape) × 2 (drink type) ANOVA confirmed that there were no differences in participants' liking of the logos across conditions (ps > .42).

Shape-taste crossmodal effects. To test whether logo shape influenced taste perceptions, we conducted separate 3 (logo shape: angular, rounded, no logo) × 2 (taste judgment: carbonation, smoothness) mixed-model ANOVAs, with logo shape as a between-subjects factor and taste judgment as a within-subjects factor, for sparkling and for still water.

For sparkling water, the main effect of taste judgment was significant (F(1, 143) = 85.42, p < .001), as was the interaction of logo shape and taste judgment (F(2, 143) = 5.13, p = .007).

As expected, participants thought the sparkling water tasted more carbonated when the bottle had an angular logo (Mangular = 13.48, SD = 2.44) than when the bottle (with the exact same sparkling water) had no logo (Mno logo = 12.33, SD = 2.64, t(143) = 2.14, p = .034) or had a rounded logo (Mrounded = 12.17, SD = 2.89, t(143) = 2.42, p = .017). The latter two conditions did not differ (t(143) = -.30, p = .77). These results suggest that the angular logo increased perceptions of how carbonated the water tasted, but that the rounded logo had no effect, replicating Study 1A.

For still water, the main effect of taste judgment (F(1, 144) = 1462.23, p < .001) and the interaction (F(2, 144) = 3.43, p = .035) were significant. As with Study 1A, participants thought the still water tasted more smooth when the bottle had a rounded logo (M = 12.90, SD = 2.88) than when it had an angular logo (M = 11.34, SD = 3.99; t(144) = 2.27, p = .025). However, participants' perceptions of smooth taste did not differ between the rounded logo (M = 12.90, SD = 2.88) and no logo conditions (M = 12.81, SD = 3.24; t(144) = .13, p = .89), but they rated smoothness as less in the angular than in the no logo conditions (t(144) = 2.13, p = .035). These results suggest that the rounded logo had no effect on perceptions of smoothness in the still water, but the angular logo reduced perceptions of smoothness, and also replicate the findings of Study 1A.

Also consistent with Study 1A, participants thought the sparkling water tasted less smooth in the angular logo condition (Mangular = 7.04, SD = 3.82) than in the rounded (Mrounded = 8.71, SD = 3.75, t(143) = -2.04, p = .04) and no logo conditions (Mno-logo = 9.24, SD = 4.47, t(143) = -2.70, p = .008), with no difference between the latter two conditions (t(143) = -.65, p = .52). For the ratings of carbonation of the still water, they were again very low, and did not differ between logo conditions (Mangular = .67, SD = 1.88, Mrounded = .52, SD = 1.26, Mno-logo = .41, SD = 1.07, F(2, 144) = .40, p = .67).

The results of Study 1B again confirm that logo shape influences downstream taste judgments, but that the downstream effects as a function of angular versus rounded logos are asymmetrical. As in Study 1A, the effects of the angular logo on carbonated taste were larger than the effects of the rounded logo on smooth taste, and also like Study 1A, the rounded logo did not have a significant effect on taste judgments. The results also show that the effects of logo shape not only asymmetrically affect product expectations, but also actual perceptions of the product's taste, even though the particular sparkling or still water tasted was the same across logo conditions.

STUDY 1C: ASSYMETRICAL CROSSMODAL EFFECTS: CHOCOLATE BARS

The objective of Study 1C was to test whether the observed effects generalize to a different product category and corresponding taste judgments. We used chocolate bars as the product category, and taste judgments pertained to expectations of sweetness or bitterness. Shape was manipulated via the shape of the product itself (angular vs. rounded). We expect that angular shapes will be associated with more bitter tastes, and rounded shapes will be associated with sweeter tastes (Spence and Gallace 2011). Further, as with Study 1A, we again directly measured associative strength of the shape-taste correspondences, which we expect will moderate the effects of these correspondences on downstream taste judgments.

Method

Participants and design. One hundred UK-based participants (50 women; Mage = 39.50 years) who were recruited from the Prolific online panel in return for a nominal fee were randomly assigned to conditions in a 2 (product shape: angular, rounded) × 2 (taste judgment: bitter, sweet) mixed design, with product shape as a between-subjects factor and taste judgment as a within-subjects factor.

Procedure. In a study ostensibly about consumer reactions to a product, participants were asked to carefully review either an angular chocolate bar or a rounded chocolate bar (Web Appendix C), and then rate how sweet and bitter they thought the chocolate bar would taste (1 = not at all, 9 = very much). Participants then indicated their attitudes toward the product shapes with the same 3-item scale used in the previous experiments (α = .92). Next, as with Study 1A, participants were shown a series of slider line scales, anchored by angular and rounded shapes at the left (-4) and right end (4), which have been widely used in previous research (e.g., [START_REF] Velasco | The Semantic Basis of Taste-Shape Associations[END_REF]; see Web Appendix C). The scale items consisted of four visual scale items anchored with different angular and rounded shapes, and one semantic scale item anchored with the words angular and rounded. Participants were asked to drag the slider along the scale to a point that best matched bitterness or sweetness. Order of the items was counterbalanced. Composite measures of the mappings between shapes and tastes were computed by averaging the scores on the five scale items, yielding composite measures for sweet and for bitter tastes.

Results and Discussion

An independent samples t-test confirmed that participants' liking for the product shapes did not differ between the angular and rounded conditions (Mangular = 5.45, SD = 1.61, Mrounded = 5.64, SD = 1.87, t(98) = .55, p = .58).

Shape-taste crossmodal correspondences. Separate one-sample t-tests with 0 (the midpoint of the scale) as the test value showed that the association between angular shapes and bitterness (M = -2.36, SD = 1.35, t(99) = -17.42, p < .001), and between rounded shapes and sweetness (M = 2.36, SD = 1.34, t(99) = 17.54, p < .001) were both significant. The absolute values of these associations did not differ (t(99) = .001, p = .99), indicating similar associative strengths.

Shape-taste crossmodal effects. Given that the strength of the shape-taste associations did not differ for angular and rounded shapes (in fact, they were virtually identical), we expected that both the angular and rounded shapes would show similar effects on taste judgments (unlike Study 1A). To test these hypotheses, we conducted a 2 × 2 mixed-model ANOVA, with product shape as a between-subjects factor and taste judgment as a within-subjects factor. The main effect of taste judgment (F(1, 98) = 1055.32, p < .001) and the shape × taste judgment were significant (F(1, 98) = 8.11, p = .005). Participants rated the chocolate bar as more bitter in the angular condition (Mangular = 1.94, SD = .93) than in the rounded condition (Mrounded = 1.54, SD = .76, F(1, 98) = 5.50, p = .021), and rated the chocolate bar as sweeter in the rounded condition (Mrounded = 7.62, SD = 1.12) than in the angular condition (Mangular = 7.04, SD = 1.24, F(1, 98) = 5.99, p = .016). Thus, angular shapes enhanced expectation of the chocolate's bitterness and rounded shapes enhanced expectations of the chocolate's sweetness.

Moderating effect of associative strength. We tested moderation with Hayes' (2013) PROCESS Model 1. As expected, the interaction between product shape and associative strength between angular shape and bitterness (B = -.28, SE = .12, t = -2.29, p = .02) and between rounded shape and sweetness (B = .37, SE = .18, t = -2.07, p = .04) were significant, indicating that the associative strengths moderate the crossmodal effects of shapes on tastes. A floodlight analysis indicates that for the angular shape-bitterness correspondence, the Johnson-Neyman threshold point (application threshold) at which the effects become significant is an associative strength of -2.16, and for the rounded shape-sweetness correspondence, the threshold is 1.97. Thus, at an aggregate level, given that participants' associative strength of angular shape and bitterness (M = -2.36) was above the activation threshold (-2.16), angular shapes enhanced expected bitterness of the chocolate bar. Similarly, the associative strength of rounded shape and sweetness (M = 2.36) was above the activation threshold (1.97), and thus rounded shapes enhanced expected sweetness of the chocolate bar.

The results of Study 1C replicate the findings of the previous two studies, but with a different product category and associated tastes. Angular shapes were associated with bitter chocolate tastes, whereas rounded shapes were associated with sweet chocolate tastes. Unlike the previous studies, however, the strength of these associations did not differ. Consequently, their downstream effects on taste judgments also did not differ. Moreover, in both cases, associative strength moderated these downstream effects, but because the strength of association was above the activation threshold for both angular and rounded associations, both angular and rounded shapes significantly affected taste judgments of bitterness and sweetness, respectively.

STUDY 2: AGE DIFFERENCES IN SHAPE-TASTE EFFECTS (CHILDREN)

Study 2 tested age as a naturally occurring boundary condition for both shape-taste crossmodal associations and their downstream effects. If the crossmodal correspondences are learned, then the existence and associative strengths of the correspondences should increase with age. More precisely, we expect that shape-taste crossmodal associations are unlikely to be observed for children in the perceptual stage of cognitive development (roughly, < 7 yrs.), because they have not yet developed the ability to associate abstract concepts, but are likely to be observed in children who have entered the analytical stage (> 7 yrs.). If so, then not only should this age threshold determine the presence of shape-taste correspondences, it should also determine whether the correspondences influence downstream judgments, as shown in the previous experiments with adults.

Method

Participants and design. Eighty-one children recruited from a primary school in China (43 girls, range: 6-14 years, Mage = 9.81 years) participated in the study. Sample size was dependent on how many children were in school and able to participate; all who wanted to participate did. The participants were randomly assigned to conditions in a 2 (product shape: angular, rounded) × 2 (taste judgment: bitter, sweet) mixed design, with product shape as a between-subjects factor and taste judgment as a within-subjects factor.

Procedure. Participants were asked to carefully view either an angular or a rounded chocolate bar (see Web Appendix D), then rate how sweet and bitter they thought the chocolate bar would taste (1 = not at all, 9 = very much), and indicate their attitudes toward the product shapes along the same 3-item scale (α = .78) used in the previous studies. Participants then completed the same slider scale measures used in Study 1C, but with only the four visual shape stimuli (Web Appendix D).

Results and Discussion

An independent samples t-test confirmed that participants' liking for the product shapes did not differ between the angular and rounded conditions (Mangular = 5.84, SD = 2.27, Mrounded = 5.84, SD = 2.16, t(79) = .009, p = .99).

Age-related differences in shape-taste correspondences. We first examined shape-taste correspondences as a function of age. We expected that the correspondences would develop over time (with age), and thus age should be positively correlated with the magnitude of shape-taste correspondences. OLS regression showed that the correlations were significant for the angularbitter correspondence (B = -.23, SE = .10, t = -2.23, p = .029) and the rounded-sweet correspondence (B = .37, SE = .08, t = 4.74, p < .001).

To further examine the nature of this relation, we divided the age range (6-14 years) into three segments based on the standard deviations: younger children (< 7.85 yrs., < 1 SD), older children (> 11.77 yrs, > 1 SD), and middle children (7.85 -11.77 yrs.), which correspond roughly to the age ranges for [START_REF] John | Consumer Socialization of Children: A Retrospective Look at Twenty-Five Years of Research[END_REF] stages of cognitive development (perceptual, analytical, reflective). We then conducted separate mixed-model ANOVAs, with age group as a betweensubjects factor and angular-bitter or rounded-sweet associative strengths as within-subjects factors.

For the angular shape-bitterness correspondence, only the main effect of shape-taste associative strength (F(1, 78) = 9.34, p = .003) was significant, but the main effect of age group (F(2, 78) = 2.09, p = .13) and the interaction (F(2, 78) = 2.09, p = .13) were not. Younger children did not show a significant angular-bitterness association (M = -.06, SD = 2.03, F(1, 78) = .02 p = .90), whereas middle (M = -.70, SD = 1.82, F(1, 78) = 7.18, p < .001) and older children (M = -1.43, SD = 1.79, F(1, 78) = 8.86, p = .004) did.

For the rounded shape-sweetness correspondence, the main effects of shape-taste associative strength (F(1, 78) = 29.11, p < .001), age group (F(2, 78) = 3.92, p = .024), and their interaction (F(2, 78) = 3.92, p = .024) were significant. Younger children did not show a significant rounded-sweet association (M = .24, SD = 1.67, F(1, 78) = .39, p = .54), whereas middle (M = 1.28, SD = 1.65, F(1, 78) = 33.27, p < .001) and older children (M = 1.75, SD = 1.12, F(1, 78) = 18.58, p < .001) did. Thus, similar patterns of effects as a function of age are observed for both angular-bitter and rounded-smooth correspondences, but the correspondence is somewhat stronger for the rounded-sweet correspondence.

Age-related differences in shape-taste crossmodal effects. We next tested whether the effects of the shape-taste correspondences on downstream taste judgments were moderated by age by conducting separate moderation analyses via Hayes' (2013) PROCESS Model 1, with product shape (angular vs. rounded) as independent variables, taste judgment (bitterness or sweetness) as dependent variables, and age as a moderator. For the effect of angular shape on bitter tastes, the product shape × age interaction was marginally significant (B = .34, SE = .18, t = 1.87, p = .065). The angular shape did not affect bitterness judgments for younger children (B = -.07, SE = .50, t = -.15, p = .89), consistent with the finding that the angular-bitterness association did not reach the activation threshold. In contrast, the effect for the middle age group was marginally significant (B = .59, SE = .35, t = 1.68, p = .10), and the effect for older children was significant (B = 1.25, SE = .50, t = 2.52, p = .01). The Johnson-Neyman technique showed that the application threshold at which angular shape affects bitterness perceptions is 10.17 years of age.

For the effect of rounded shape on sweetness taste judgments, the product shape × age interaction was significant (B = -.32, SE = .12, t = -2.68, p = .009). The rounded shape did not affect sweetness judgments for younger children (B = -.17, SE = .33, t = -.51, p = .61), whereas the effects for the middle age group (B = -.78, SE = .23, t = -3.42, p = .001) and older age group (B = -1.40, SE = .32, t = -4.32, p < .001) were significant. The Johnson-Neyman technique showed that the application threshold at which rounded shape affects sweetness perceptions is 8.92 years of age.

These results suggest that shape-taste crossmodal effects influence children's taste judgments, but only for children who are at the analytical and reflective stages of cognitive development. The results also suggest that shape-taste application thresholds do not necessarily occur at the same age. The angular shape-bitterness application threshold occurs approximately 15 months later than the rounded shape-sweetness threshold. Thus, children appear to be able to abstract the common features of rounded shapes and sweetness earlier than they are able to abstract the common features of angular shapes and bitterness.

The results of Study 2 replicate the general patterns of results observed in the previous studies, but only for children who have reached a sufficient cognitive development stage. The findings further bolster our theoretical reasoning, but also have implications for marketing applications for children, which we discuss in more detail presently. In the next two studies, we further investigate the processes that underlie the crossmodal effects on downstream judgments.

STUDY 3A: VISUALIZATION-INDEPENDENT SHAPE-TASTE CROSSMODAL EFFECTS

Study 3A tested whether visualization is a necessary process in the generation of shapetaste crossmodal effects. We manipulated participants' abilities to generate a mental image via a visual load manipulation. Because the generation of mental imagery requires the involvement of visuospatial working memory (Baddeley and Andrade 2000), if a visualization process is necessary, then inhibiting visuospatial working memory should reduce or eliminate the crossmodal effects of shape on taste judgments. We also included a traditional cognitive load manipulation that inhibits phonological working memory to rule out the possibility that mental load in general is driving the effects, rather than being specific to visualization. To simplify, we only included sparkling water as the product type.

Method 266 French college students (175 women; Mage = 21.99 years) participated in the study in return for the possibility of winning a lottery paying 30€. Participants were randomly assigned to conditions in a 2 (logo shape: angular, rounded) × 3 (mental load: visual, cognitive, no load) × 2 (taste judgment: carbonation, smoothness) mixed design, with logo shape and mental load as between-subjects factors and taste judgment as a within-subjects factor. Participants were informed that they would be completing two separate, unrelated tasks. The first task constituted the manipulation of either visual or cognitive load, both well-established in the literature.

Participants were asked to visualize and memorize either the placement of a symbol (X) within a grid (visual load, for inhibiting visuospatial working memory; Jiang et al. 2016), repeat and memorize a 10-digit number series (cognitive load, for inhibiting phonological working memory; Gilbert, Pelham, and Krull 1988), or were given no memory task (no load). In the visual and cognitive load conditions, participants were asked to maintain the memories of the corresponding materials until they completed the second task.

Next, participants were shown a bottle of sparkling water with either an angular or a rounded logo, and then rated how carbonated and smooth they thought the drink would taste. The bottles, logos, and scales were the same as those used in Study 1A. As a manipulation check, participants reported whether they "vividly and visually" imagined the taste of the sparkling water (1 = Yes, 0 = No; Web Appendix E). Following that, participants who were in the visual load condition were asked to recreate the grid, and those in the cognitive load condition were asked to write down the 10-digit number. They then provided ratings of task difficulty and effort they expended (1 = not difficult at all/no effort, 9 = very difficult/very much effort).

Results and Discussion

Manipulation checks. The proportion of participants who reported that they had visually imagined the taste of sparkling water was less in the visual load condition (31.82%) than in either the cognitive load condition (45.56%; χ 2 (1) = 3.54, p = .06, marginal significance) or the no load condition (47.73%; χ 2 (1) = 4.65, p = .03), with no difference between the latter two conditions (χ 2 (1) = .08, p = .77). These results suggest that the visual load effectively inhibited the generation of mental imagery, but the cognitive load did not. There were no differences between conditions in ratings of task difficulty (Mvisual = 4.24, SD = 1.91 vs. Mcognitive = 3.76, SD = 2.23, t(176) = 1.57, p = .12) or effort expended (Mvisual = 4.22, SD = 1.94 vs. Mcognitive = 4.07, SD = 2.27, t(176) = .49, p = .63).

Shape-taste crossmodal effects and mental load. To determine whether logo shapes influenced taste judgments, and whether this effect differed as a function of mental load, we conducted separate 2 × 3 ANOVAs, with logo shape and mental load as between-subjects factors, and carbonation and smoothness as dependent variables. The results of these analyses can be seen in Figure 2.

For the ratings of carbonation (top panel of Figure 2), only the main effect of logo shape was significant (F(1, 260) = 20.75, p < .001). Participants rated the sparkling water as more carbonated when the bottle had an angular logo (M = 5.50, SD = 2.07) than when it had a rounded logo (M = 4.38, SD = 1.89), and these effects were remarkably invariant across load conditions. Participants rated the sparkling water as more carbonated when the logo was angular than when it was rounded for the visual load condition (Mangular = 5.50, SD = 1.89 vs. Mrounded = 4.34, SD = 2.02, F(1, 260) = 7.40, p = .007), the cognitive load condition (Mangular = 5.43, SD = 2.05 vs. Mrounded = 4.26, SD = 1.86, F(1, 260) = 7.72, p = .006), and the no-load condition (Mangular = 5.58, SD = 2.30 vs. Mrounded = 4.56, SD = 1.83, F(1, 260) = 5.73, p = .02), with the control condition replicating the findings of Study 1A. In addition, none of the contrasts within shape conditions differed as a function of mental load (ps > .48).

For the ratings of smoothness, only the main effect of logo shape was significant (F(1, 260) = 23.76, p < .001). Participants rated the sparkling water as less smooth when the bottle had an angular logo (M = 4.35, SD = 2.02) than when it had a rounded logo (M = 5.53, SD = 1.92), and effects were also invariant across load conditions. Participants rated the sparkling water as less smooth when the logo was angular than when it was rounded for the visual load condition (Mangular = 4.30, SD = 1.84 vs. Mrounded = 5.48, SD = 1.81, F(1, 260) = 7.77, p = .006), the cognitive load condition (Mangular = 4.41, SD = 2.03 vs. Mrounded = 5.50, SD = 1.97, F(1, 260) = 6.77, p = .01), and the no-load condition (Mangular = 4.33, SD = 2.23 vs. Mrounded = 5.63, SD = 2.02, F(1, 260) = 9.32, p = .003), with the control condition replicating the findings of Study 1A.

In addition, none of the contrasts within shape conditions differed as a function of mental load (ps > .72). These results suggest that the crossmodal effects of logo shapes on taste judgments are mental-load-independent and are able to occur even if visuospatial and phonological working memory are inhibited.

[INSERT FIGURE 2 HERE]

The results of Study 3A suggest that visualization is not necessary for generating shapetaste crossmodal effects. These findings are different from those reported by Jiang et al. (2016) and [START_REF] Lowe | Sounds Big: The Effects of Acoustic Pitch on Product Perceptions[END_REF], who found that downstream shape and sound symbolism effects required a visualization process that consumes substantial mental resources. Although there are a number of critical factors that differ between those studies and ours (e.g., sensory modalities, target products), one potential explanation for the conflicting findings pertains to how individuals construct sensory judgments of the target product. More specifically, whether crossmodal effects require a visualization process is likely to be contingent on whether individuals spontaneously generate visual images of the target when they make judgments about its sensory qualities, such as whether a sofa will be comfortable (Jiang et al. 2016) or the size of a hamburger [START_REF] Lowe | Sounds Big: The Effects of Acoustic Pitch on Product Perceptions[END_REF]. For judgments of comfort and size of a product, such spontaneous visualization seems likely.

However, it seems unlikely that consumers spontaneously visualize the taste of a product, given that mental imagery is not a necessary component for taste judgments [START_REF] Kobayashi | Functional Imaging of Gustatory Perception and Imagery: 'Top-Down' Processing of Gustatory Signals[END_REF]). If so, this explanation provides a potential reconciliation of the findings of Jiang et al. (2016) and our findings. Study 3B tests this proposition.

STUDY 3B: THE NECESSITY OF VISUALIZATION IN CROSSMODAL EFFECTS IS A FUNCTION OF PERCEPTUAL JUDGMENT STYLE

We propose that the reason visual load does not affect the application of shape-taste correspondences on downstream taste judgments is that consumers do not spontaneously generate visual images in making taste judgments. However, when they do so spontaneously (presumably for judgments of comfort or size, as shown by Jiang et al. (2016) and [START_REF] Lowe | Sounds Big: The Effects of Acoustic Pitch on Product Perceptions[END_REF], impairing visualization attenuates the effects. To test this proposition, we conducted a replication of Study 3A, but also included an additional condition in which we trained participants to visualize prior to making taste judgments, using a procedure adapted from [START_REF] Yágüez | A Mental Route to Motor Learning: Improving Trajectorial Kinematics Through Imagery Training[END_REF]. We expect that under visual training conditions, a visual load will eliminate the crossmodal effects on downstream judgments, similar to Jiang et al. (2016) and [START_REF] Lowe | Sounds Big: The Effects of Acoustic Pitch on Product Perceptions[END_REF]. In contrast, under no training (control) conditions, we expect that visual load will not inhibit downstream crossmodal effects, replicating Study 3A.

Method

Participants and design. Two hundred forty-two French college students (130 women; Mage = 22.93 years), who participated in return for the possibility of winning a lottery paying 30€, were randomly assigned to conditions in a 2 (visual training: yes, no) × 2 (visual load: yes, no) × 2 (product/logo shape: angular, rounded) × 2 (product type: sparkling water, chocolate bar) × 4 (taste judgment: carbonated, smooth, sweet, bitter) mixed design, with the first three factors as between-subjects factors and the last two as within-subjects factors.

Procedure. Participants were informed that they would be completing several unrelated tasks. Prior to completing these tasks, which served as the training manipulations, participants first indicated the extent to which they spontaneously visualize tastes when they evaluate the tastes of foods (3 items, α = .92; see Web Appendix F). The first manipulation was a learning task in which some participants were trained to visualize tastes when they evaluate the tastes of foods (visual training), whereas others did not receive such training (no visual training). In the visual training condition, participants were required to first visualize the tastes of foods and then evaluate the tastes for 30 foods successively (i.e., 30 trials; Web Appendix F). In the no (visual) training condition, participants evaluated the difficulties for 30 calculation problems successively. We then again measured the extent to which participants rely on visualization when evaluating the tastes of foods with the same three items (α = .94), and their perceptions of task difficulty and effort they put into the training tasks (1 = not at all, 9 = very much). Next, we manipulated visual load with the same procedure used in Study 3A.

Finally, participants were shown a bottle of sparkling water with either an angular or rounded logo and a chocolate bar with either an angular or a rounded shape (order counterbalanced), and then rated the expected tastes of the sparkling water (carbonated, smooth) and the chocolate bar (sweet, bitter). The stimuli and scales were the same as those used in Studies 1A and 2A (for sparkling water) and Study 1C (for chocolate bar).

Results and Discussion

Manipulation checks. To determine whether the visual training successfully influenced participants' reliance on visualization when they evaluated the tastes of foods, we conducted a 2 × 2 mixed-model ANOVA, with visual training as a between-subjects factor and the measure of Sparkling water. Our primary hypothesis is that in the absence of any visual training, visual load will have no effect on taste judgments, and thus the angular logo will increase perceptions of carbonation and reduce perceptions of smoothness, replicating Study 3A.

However, when participants have been trained to spontaneously visualize tastes prior to evaluating the tastes of foods, impairing visualization via visual load should attenuate the crossmodal effects on taste judgments. To test this hypothesis, we first conducted separate 2 (visual training) × 2 (logo shape) ANOVAs for sparkling water, with carbonation and smoothness judgments as the dependent variables, under visual load conditions only.

The results of this analysis can be seen in Figure 3. For judgments of carbonation, the main effect of logo shape (F(1, 118) = 3.52, p = .063, marginal) and the interaction of logo shape and visual training were significant (F(1, 118) = 4.13, p = .04). As the top left panel shows, under visual load conditions, when participants did not receive visual training, they expected that the sparkling water would taste more carbonated in the angular logo condition (M = 5.68, SD = 2.12) than in the rounded logo condition (M = 4.23, SD = 2.21, F(1, 118) = 7.64, p = .007).

These results indicate that impairing visualization via visual load had no effect, replicating Study 3A. In contrast, when participants were trained to spontaneously visualize taste (top right panel), logo shape had no effect on carbonated taste judgments (Mangular = 4.56, SD = 1.81 vs. Mrounded = 4.62, SD = 2.01, F(1, 118) = .012, p = .91). Thus, visual load effectively eliminated the effects of logo shape on taste judgments.

The same pattern of results was observed for judgments of smoothness. The main effect of logo shape (F(1, 118) = 3.28, p = .073, marginal) and the interaction of logo shape and visual training were significant (F(1, 118) = 3.82, p = .05). As the bottom left panel shows, under visual load conditions, in the absence of visual training, participants expected that the sparkling water would taste less smooth in the angular logo condition (M = 4.10, SD = 2.21) than in the roundedlogo condition (M = 5.53, SD = 2.32, F(1, 118) = 7.10, p = .009), again replicating Study 3A. In contrast, for the visual training condition (bottom right panel), logo shape had no effect on smooth taste judgments (Mangular = 5.47, SD = 1.80 vs. Mround = 5.41, SD = 2.08, F(1, 118) = .01, p = .92), and thus the visual load eliminated the effects of logo shape when participants were trained to spontaneously visualize the foods. Note also that the pattern of effects for smooth taste judgments again indicate that the effects of logo shape are driven by the angular logo, with no effect of the rounded logo.

[INSERT FIGURE 3 HERE]

The results we have presented thus far pertain only to effects under visual load conditions, which is our primary focus. However, we also included a no-load condition in our fully crossed design. These results can be seen in Web Appendix F. In no-load conditions, we expected that visual training would have no effect, and thus we expected only a main effect for logo shape, replicating the findings from all previous experiments. This was indeed the case.

Perceptions of carbonation were always greater in the angular than in the rounded logo conditions, and perceptions of smoothness were always greater in the rounded than in the angular logo conditions. These finding further attest to the robustness of the effects.

Chocolate bar. We also tested the same shape-taste effects as a function of visual load and visual training for chocolate bars. In the interest of brevity, we have reported full results in Web Appendix F. Summarizing, the exact same pattern of effects was observed for the effects of product shape on judgments of bitterness and sweetness of a chocolate bar. For the visual load condition, in the absence of visual training, the effects of product shape on taste judgments fully replicate those of Study 1C. The angular shaped chocolate bar enhanced expectations of a bitter taste, whereas the rounded shaped bar enhanced expectations of a sweet taste, but these effects were reduced to nonsignificance when participants were given visual training. In addition, examination of these latter effects indicates that both the angular shape and the rounded shape influenced taste judgments, again consistent with Study 1C (and also Study 2 with older children), which found that both the angular-bitter and the rounded-sweet correspondences reached the application threshold for observing downstream effects on taste judgments. Finally, as with sparkling water, under no-visual-load conditions, only product shape affected taste judgments (no effect of visual training).

Taken together, the results of Study 3B suggest that a visualization process is necessary only if consumers typically visualize the target product when making perceptual judgments. In the case of taste judgments, our findings suggest that consumers typically do not go through such a visualization process. Consequently, the effects of shape-taste correspondences on downstream judgments are not affected by inhibition of the visualization process, suggesting that the process is highly automatic (effortless or mental-load-independent). However, it is also likely that certain types of judgments regarding product perceptions may require visualization. In such cases, conditions that inhibit visualization (both in the lab, and in-store), suppress crossmodal correspondence effects on downstream judgments, as observed by Jiang et al. (2016) and [START_REF] Lowe | Sounds Big: The Effects of Acoustic Pitch on Product Perceptions[END_REF].

GENERAL DISCUSSION

Theoretical Contributions

Crossmodal correspondences between shape and taste are well-established, but whether, when, and how these correspondences affect downstream judgments are not. Across six experiments, as well as several replications, we show that whether shape-taste correspondences influence downstream taste judgments (expectations, perceptions) depends on the associative strength in memory between the particular shape and taste. Using two different product categories (bottled water, chocolate bars), we show that even when the strength of a particular shape-taste correspondence reaches the activation threshold (i.e., statistical significance), the associative strength may not be sufficient to reach the application threshold (i.e., affect downstream judgments). For example, we demonstrate significant relations between angular shapes and carbonated tastes, and between rounded shapes and smooth tastes, consistent with extant research. However, we also show that not only are the relative associative strengths of these two crossmodal correspondences different (asymmetrical), but these differences lead to asymmetrical downstream effects: the stronger angular-carbonated association affects both taste expectations and taste perceptions, but the relatively weaker rounded-smooth association does not.

Although conceptualizing crossmodal correspondences in terms of spreading activation models of memory (Collins and Loftus 1975) may seem obvious to some (as one friendly reviewer put it, "What else could it be?"), to our knowledge, we are the first to explicitly differentiate the activation threshold of crossmodal association and the application threshold for generating downstream judgment effects. The Collins and Loftus model is not just about stored associations and links between concepts. An often-overlooked part of the model pertains to thresholds for activation. We extend this concept of thresholds to demonstrate that sufficient associative strength that meets an activation threshold may not be sufficient to reach the application threshold, and thus will not affect downstream judgments.

We also demonstrate these effects in the context of cognitive developmental processes.

We show that particular shape-taste correspondences (in our case, angular-bitter and roundedsweet) are not detectable (do not reach the activation threshold) in very young children, but the associative strengths increase with age, to the point that they not only reach the activation threshold, but also eventually reach the application threshold. These findings support the notion that most crossmodal correspondences are learned over time from naturally occurring environmental associations [START_REF] Shams | Benefits of Multisensory Learning[END_REF] and the particular age-related thresholds (the age at which the activation and application thresholds occur) are consistent with extant models of children's stages of cognitive development [START_REF] John | Consumer Socialization of Children: A Retrospective Look at Twenty-Five Years of Research[END_REF][START_REF] Piaget | Part I: Cognitive Development in Children: Piaget Development and Learning[END_REF].

We also contribute to theory and research on the processes underlying crossmodal correspondences, and in particular the processes underlying their application to downstream judgments. A cursory inspection of the literature might suggest that the research to date has been mixed, or at least inconclusive. Some research suggests that the application of crossmodal correspondences is highly automatic (e.g., [START_REF] Hagtvedt | Color Saturation Increases Perceived Product Size[END_REF][START_REF] Yorkston | A Sound Idea: Phonetic Effects of Brand Names on Consumer Judgments[END_REF], whereas other research suggests that it is a more strategic process that requires visualization (e.g., Jiang et al. 2016;[START_REF] Lowe | Sounds Big: The Effects of Acoustic Pitch on Product Perceptions[END_REF].

We show that these findings are not necessarily contradictory. Instead, the level of automaticity of the downstream application is less about the crossmodal correspondences themselves (which are highly automatic), but more about how the downstream judgments themselves are constructed. We show that in constructing some downstream judgments, such as expectation of the taste of a food, consumers do not spontaneously visualize, and thus impeding the visualization process (via visual load) has no effects on downstream judgments. But when we trained participants to spontaneously visualize tastes, constraining visualization resources eliminated downstream effects. In other cases, such as constructing judgments of how comfortable (Jiang et al. 2016) or big (Lowe and Haws 2017) a product might be, consumers likely attempt to visualize the product, and thus impeding visualization attenuates downstream effects. Thus, our research provides an explanation that reconciles these seemingly contradictory findings.

Marketing Applications

Each one of the theoretical contributions just noted also can be directly applied to marketing practice. At the most basic level, managers can use logo shape and product shape to influence consumers' expectations of the product's taste. Consumers generally have existing taste preferences (more or less carbonated sparkling water, more or less bitter or sweet chocolates), and thus shape dimensions can act as a signal of what the food tastes like. Moreover, a mismatch between the crossmodal implications of the shape of a product or logo and the actual taste may lead to consumer dissatisfaction.

Our findings suggest shape-taste correspondences can also be effectively applied to products targeted towards children, but when they reach a sufficient cognitive developmental threshold, in our case, around 9-10 years of age. In addition, findings regarding the automaticity of the process suggest that managers should be confident that the crossmodal effects will obtain even in highly distracting online and offline shopping environments. As long as the shape component of the product is processed, corresponding taste expectations will be primed and are available for consumers to use as a basis for judgments.

At a higher level, our research has managerial implications that generalize to the leveraging of any crossmodal correspondence. First, managers need to determine not only whether particular correspondences reach an activation threshold in their target market, but whether they reach the critical application threshold. Crossmodal associative strengths differ across people, across different correspondences, across age groups, and across cultures. For example, in cultures such as the US, in which bottled water is not that differentiated, there may be little if any association between shapes and taste expectations of sparkling or still waters.

However, as we show, in cultures that do have high levels of differentiation (e.g., France), the crossmodal associations are strong and have downstream effects. But the good news is that testing the thresholds for such correspondences should be relatively easy for marketing researchers, whether simply using visual analog scales, or even using implicit measures such as the IAT, which are now relatively easy to implement in marketing research.

Second, our findings regarding application thresholds are a function of the strength of our manipulations, in which we only used the shape of the logo or the product in isolation. However, in practice, different product components can be used additively, such as the logo, the font, the aspects of the packaging, which may effectively lower the activation threshold. Also, clearly, all of these aspects should work together, rather than against each other, in terms of their signals of expectations.

Finally, our findings clearly apply to decisions made for new products. Changing logo shapes-or any aspect of an established product-may not be advisable. However, even for established products, existing shapes, such as an angular logo, can be softened, and graphics can be added to packaging, that may leverage any crossmodal correspondence.

FIGURE 1 STUDY 1A: TASTE JUDGEMENTS AS A FUNCTION OF LOGO SHAPE AND DRINK TYPE FIGURE 2 STUDY 3A: TASTE JUDGEMENTS AS A FUNCTION OF LOGO SHAPE AND MENTAL LOAD FIGURE 3 STUDY 3B: TASTE JUDGEMENTS AS A FUNCTION OF LOGO SHAPE AND VISUAL TRAINING UNDER VISUAL LOAD

SUPPLEMENTARY STUDY 1-IMPLICIT ASSOCIATION TEST

In Supplementary Study 1, we used the IAT to test the strengths of association between angular shapes and carbonated tastes, and between rounded shapes and smooth tastes. Following Spence and colleagues' methods [START_REF] Ngo | On the Colour and Shape of Still and Sparkling Water: Insights from Online and Laboratory-Based Testing[END_REF]Spence 2012;Spence and Gallace 2011), we used type of water (sparkling vs. still) as proxies for taste (carbonated, smooth). To measure associations in memory, the IAT uses response latencies to pairings of relevant stimuli to assess strength of association. More specifically, the IAT measures speed of response to congruent (hypothesized) pairings (e.g., pairing of angular shape with sparkling water; rounded shape with still water) and with incongruent pairings (angular shape with still water; rounded shape with sparkling water). Evidence of an association is observed if the speed of response is faster for congruent associations than for incongruent associations, and the absolute speed of response is an indicator of strength of association.

Method

Participants, Design, and Procedure. Thirty-four Chinese college students (19 women, Mage = 21.24) participated in the experiment for approximately US$2.00. The experiment used a 2 (shape: angular, rounded) × 2 (shape/taste congruity: congruent, incongruent) within-subjects design and was conducted on a computer with E-Prime software for stimuli presentation and data collection. The resolution of the computer screen was 1280 × 800 and the refresh rate was 60 Hz.

The IAT requires participants to discriminate between various stimuli (for this experiment, angular and rounded shapes, sparkling and still water), and participants did so by pressing two keys (f, j) on the keyboard with their index fingers. For the selection of shape stimuli, we designed four homogeneous angular and four rounded shapes (see next section), and each of the four were randomly displayed within shape conditions. A pretest confirmed that all participants can accurately distinguish between these two shapes and that there is no difference in participants' liking of the shapes. For the selection of the drink stimuli, we conducted an online survey and selected the four most popular sparkling waters and the four most popular still waters, and each of the four were randomly displayed within taste conditions (see next section).

We followed standard procedures recommended by [START_REF] Greenwald | Measuring Individual Differences in Implicit Cognition: The Implicit Association Test[END_REF] for administering the IAT in which participants complete seven blocks of trials that include practice and target trials. Specifically, at the beginning of each block, participants were first introduced to the task content and the response keys, and then completed a series of trials. Each trial began with a fixation point (red cross at the center of the screen for a random interval of 700-800 ms, followed by a random inter-stimulus interval of 300-400 ms). The target stimulus was then presented until a response had been recorded. The response latency and the error rate of each trial were recorded. (If an incorrect response was recorded, participants received an error reminder in practice blocks.)

Following standard procedures for administering the IAT [START_REF] Greenwald | Measuring Individual Differences in Implicit Cognition: The Implicit Association Test[END_REF], each participant's test consisted of seven blocks. In block 1, participants were trained to discriminate a shape stimulus by pressing a key (e.g., the left key for angular shape and the right key for rounded shape), and in block 2, participants were trained to discriminate a drink stimulus by pressing a key (e.g., the left key for sparkling water and the right key for still water). In blocks 3 and 4, the discrimination of shape and drink were combined using the same keyboard designations used in blocks 1 and 2, and the responses were mapped according to the congruent shape/taste correspondences (e.g., the left key for angular shape and sparkling water, the right key for rounded shape and still water). Block 3 served as a practice trial, and data from block 4 were retained for analyses (congruent group).

In block 5, the response mapping (hot keys) was reversed (e.g., the left key for rounded shapes and the right key for angular shapes), and blocks 6 and 7 again combined discrimination of shape and drink, identical to blocks 3 and 4, but with the reversed key mapping that reflected incongruent pairings (e.g., the left key for rounded shape and sparkling water, the right key for angular shape and still water). Block 6 served as a practice trial, and data from block 7 were retained for analyses (incongruent group). The order of the congruent and incongruent blocks was counterbalanced, as were the designated hot keys.

Results and Discussion

Following standard procedures for analysis of IAT data, data from blocks 4 and 7 were used to test our hypotheses, with the exclusion of the first two trials of each block, when participants are still considered in adaptation [START_REF] Greenwald | Measuring Individual Differences in Implicit Cognition: The Implicit Association Test[END_REF]. Response latencies less than 300 ms were recoded as 300 ms, and those greater than 3000 ms were recoded as 3000 ms. We then log-transformed the response latencies. Data from three participants were excluded because the error rate of their responses was greater than 20% (average error rate of remaining participants was only 3%), leaving data from 31 participants for analyses.

To test whether shape/taste correspondences exist in memory, we conducted a 2 × 2 repeated-measures ANOVA, with shape and congruency as within-subjects factors, and participants' response latencies as the dependent measure. If the shape/taste correspondences exist in memory, then response latencies should be faster in congruent conditions than in incongruent conditions. The results of this analysis can be seen in Figure A1. (Log-transformed latencies were used for all analyses, but the raw latencies are reported for clarity). Only the main effect of congruency was significant. As expected, response latencies (in ms) were faster for congruent pairings (M = 605.19, SD = 90.10) than for incongruent pairings (M = 743.50, SD = 123.83; F(1, 30) = 28.79, p < .001).

Although the results showing differences in associations between congruent and incongruent sensory pairings support our hypotheses, the results just presented collapse across shape conditions. To disentangle the congruent and incongruent effects for angular and rounded shapes, we conducted separate planned contrasts for angular and rounded shapes. These analyses reveal that the predicted differences hold for both angular and rounded shape conditions. Response latencies in the angular condition were faster in the congruent (sparkling) condition (M = 591.20, SD = 87.74) than in the incongruent (still) condition (M = 743.33, SD = 128.00; F(1, 30) = 27.00, p < .001), and latencies in the rounded condition were likewise faster in the congruent (still) condition (M = 619.18, SD = 91.68) than in the incongruent (sparkling) condition (M = 743.67, SD = 121.63; F(1, 30) = 21.81, p < .001).

These results indicate that both angular/carbonated and rounded/smooth associations exist in memory. The final question we address is whether the strengths of these associations are equivalent, which we assess by comparing the response latencies in the congruent conditions for angular and rounded shapes. The results indicate that the associative strengths are different. Response latencies were faster in angular/sparkling conditions (M = 591.20, SD = 87.74) than in rounded/still water conditions (M = 619.18, SD = 91.68; F(1, 30) = 8.94, p = .006), whereas there were no differences between angular and rounded for incongruent conditions (F < 1). In combination, these effects indicate that although both angular/sparkling and rounded/still associations exist in memory, the strength of the association is stronger for the former than for the latter.

FIGURE A1 SUPPLEMENTARY STUDY 1: RESPONSE LATENCY AS A FUNCTION OF SHAPE AND CONGRUENCY

This study provides evidence that the particular crossmodal shape/taste associations we tested (angular/carbonated, rounded/smooth) exist in memory, but that the strength of the associations is greater for angular than for rounded shapes.

SUPPLEMENTARY STUDY 2-LEXICAL DECISION TEST

In supplementary Study 2, we determined the associative strengths of the shape-taste correspondences by priming shapes and assessing the accessibility of taste dimensions. To do so, we used a lexical decision task in which participants were primed either subliminally or supraliminally with either angular or rounded shapes, and then measured how quickly participants recognized either a sparkling or still water.

Method

Participants, Design, and Procedure. Twenty-nine French college students (17 women; Mage = 21.72) were paid 5€ for their participation. The design was a 2 (perceptual level: subliminal, supraliminal) × 2 (shape: angular, rounded) × 2 (shape/taste congruity: congruent, incongruent) within-subjects design. For the priming manipulation, we used a masked priming paradigm in which an angular or rounded shape was first quickly presented and then hidden between a forward and a backward mask. The task consisted of four blocks that differed in the duration of the priming stimulus and the task purpose: 12 ms (subliminal presentation) in the first and third blocks and 112 ms (supraliminal presentation) in the second and last blocks. A 

Response Latencies (ms)

Congruent Incongruent presentation stimulus of 12 ms is generally considered to be subliminal [START_REF] Greenwald | Three Cognitive Markers of Unconscious Semantic Activation[END_REF].

The first two blocks were used to test the effects of associations in memory between shape and taste, and the last two blocks were used as manipulation checks for the subliminal and supraliminal priming manipulation. More specifically, within each block, shape and congruity were manipulated (crossed) over 32 trials (blocks 1 and2) and20 trials (blocks 3 and4), for a total of 128 trials for the first two blocks and 80 trials for the last two blocks. Shape manipulations employed the same four shapes used in Supplementary Study 1. The taste manipulations used different waters that pretests indicated were the most popular for the participant pool (see next section). The shapes, waters, and congruity pairings were randomly distributed over the trials.

Participants were seated in front of a computer screen with a resolution of 1280 × 800 and refresh rate of 60 Hz, at a 60-cm distance. At the beginning of blocks 1 and 2, participants were instructed to carefully watch a series of pictures and press "f" or "j" key with their index fingers when they saw a sparkling or a still water. They were then given a learning task to familiarize them with the shapes, drinks, and masked images. For the first two blocks, each trial began with the presentation of a central cross that was used to fixate the participant's gaze, followed by the presentation of the masked priming stimulus. Next, participants were shown either a sparkling or a still water and asked to respond (by pressing the appropriate key) as soon as they recognized the stimulus. The response latency and the error rate of each trial were recorded. The procedure for blocks 3 and 4 were identical to the first two blocks except participants were asked to indicate which shape had been presented between the two masks, to determine whether the subliminal/supraliminal presentation was indeed subliminal/supraliminal.

Results and Discussion

Manipulation checks. If the priming was indeed subliminal, then participants should not be able to guess the shape of the primed stimulus at rates greater than chance. One-sample t-tests confirmed that the subliminal priming was successful, as correct recognition rates (block 3) were not greater than chance (M = 51.64%, SD = 6.72%; (t (28) = 1.31, p = .20). In contrast, recognition rates in supraliminal priming conditions (block 4) approached 100% (M = 91.71%, SD = 7.10%; t (28) = 31.63, p < .001). We also tested for accuracy (correctly identifying a bottled water as sparkling or still) across priming conditions (blocks 1 and 2). Accuracy rates were all over 90%, and thus all the participants were included in the analyses. Response latencies lower than 300 ms were recoded as 300 ms, and those greater than 3000 ms were recoded as 3000 ms. We then log-transformed the response latencies.

Tests of hypotheses. To determine whether either subliminal or supraliminal priming of logo shape activates the predicted associations with tastes, we conducted separate 2 × 2 repeatedmeasures ANOVA for the two shape conditions. The results of these analyses can be seen in Figure A2. For the angular shape condition (top panel of Figure A2), only the main effect of congruity was significant (F(1, 28) = 16.74, p < .001). As expected, when an angular shape was subliminally presented, participants' response latencies to sparkling water (congruent condition; M = 648.92, SD = 144.69) were significantly faster than to still water (incongruent condition; M = 693.77, SD = 180.30; F(1, 28) = 13.30, p = .001), indicating that subliminally activating an angular shape increased the accessibility of carbonated (vs. smooth) taste. The same pattern of results was also observed in supraliminal priming conditions with angular shapes, with participants' response latencies to sparkling water (M = 632.06, SD = 124.26) significantly faster than that to still water (M = 664.34, SD = 139.45; F(1, 28) = 5.61, p = .03).

These findings suggest that an angular shape can prime carbonated taste expectations. It is also worth noting that the angular shape effects did not differ between subliminal and supraliminal conditions for either the congruent or incongruent conditions (as indicated by the nonsignificant main effect and interaction), which provides strong evidence that the correspondence between angular shape and carbonation is deeply rooted in memory, because improving the perceptual level of the primed stimulus did not significantly facilitate participants' target responses. In addition, the findings show that the priming effect can occur very quickly after participants are exposed to an angular shape.

We also conducted the same analyses for the rounded shape conditions (bottom panel of Figure A2). However, no effects were significant (all Fs < 1), suggesting that the rounded shape failed to prime smooth taste expectations at both subliminal and supraliminal levels. These findings suggest that the crossmodal priming effect of angular shape on carbonated expectation is stronger than that of rounded shape on smooth expectation, the latter of which was not significant. These findings are consistent with the findings of Study 1A at a judgmental level, that the priming effects of angular shape on carbonation and rounded shape on smoothness are asymmetrical.

FIGURE A2 SUPPLEMENTARY STUDY 2: RESPONSE LATENCY AS A FUNCTION OF SHAPE, CONGRUENCY, AND PERCEPTUAL LEVEL

SUPPLEMENTARY STUDY 1-INSTRUCTION AND STIMULI General Instruction

Welcome to our experiment! The experiment consists of seven tasks, which are all very simple. In each task, a red cross "+" will be first displayed in the center of the screen, reminding you that experiment starts. At this moment, please stay focused and stare at the center of the screen. Then, please react as quickly and accurately as possible according to the specific instruction of each task.

If you have already understood the above instruction, please adjust your breath and keep calm. If you are ready, please press the space-bar to enter the first task. Response Latencies (ms)

Rounded Shape

Congruent Incongruent

Welcome to the first task! In this task, two types of shapes -angular and rounded -will be randomly displayed on the screen. When you see an angular shape, please press "f" key; while when you see a rounded shape, please press "j" key. Please stay focused and react as quickly and accurately as possible.

If you have already understood the above instruction, please put your left index finger on "f" key and right index finger on "j" key.

Please remember, angular shape -"f" key; rounded shape -"j" key. If you are ready, please press the space-bar to start the task.

Shape stimuli, see below:

Angular shape

Rounded shape

Note that, during the task, if participants wrongly react, for example, when seeing an angular shape, they press "j" key instead of "f" key, the computer will automatically remind them that their reaction is wrong. In addition, if their accuracy rate is below 80%, they will be asked to redo the task. Corresponding instruction will be displayed, as below:

You may not yet understand the requirements of this task, and your accuracy rate has not yet reached our standard. Please carefully read the instruction again and continue to practice. If you are still not clear, please consult experiment assistant.

Thanks for your patience! Please press the space-bar to continue.

Instruction for Task 2

Welcome to the second task! In this task, two types of drinks -sparkling and still water -will be randomly displayed on the screen. When you see a sparkling water, please press "f" key; while when you see a still water, please press "j" key. Please stay focused and react as quickly and accurately as possible.

If you have already understood the above instruction, please put your left index finger on "f" key and right index finger on "j" key.

Please remember, sparkling water -"f" key; still water -"j" key. If you are ready, please press the space-bar to start the task.

Drinks stimuli, see below:

Sparkling water

Still water

Note that, during the task, if participants wrongly react, for example, when seeing a sparkling water, they press "j" key instead of "f" key, the computer will automatically remind them that their reaction is wrong. In addition, if their accuracy rate is below 80%, they will be asked to redo the task. Corresponding instruction will be displayed, as below:

You may not yet understand the requirements of this task, and your accuracy rate has not yet reached our standard. Please carefully read the instruction again and continue to practice. If you are still not clear, please consult experiment assistant.

Thanks for your patience! Please press the space-bar to continue.

Instruction for Task 3

Welcome to the third task! In this task, the two types of shapes (angular and rounded shape) and drinks (sparkling and still water) you learned from Task 1 and 2 will be randomly displayed on the screen. When you see either an angular shape or a sparkling water, please press "f" key; while when you see either a rounded shape or a still water, please press "j" key. Please stay focused and react as quickly and accurately as possible.

If you have already understood the above instruction, please put your left index finger on "f" key and right index finger on "j" key.

Please remember, angular shape or sparkling water -"f" key; rounded shape or still water -"j" key. If you are ready, please press the space-bar to start the task.

Stimuli are the same ones used in Task 1 and 2

Note that, during the task, if participants wrongly react, for example, when seeing either an angular shape or a sparkling water, they press "j" key instead of "f" key, the computer will automatically remind them that their reaction is wrong. In addition, if their accuracy rate is below 80%, they will be asked to redo the task. Corresponding instruction will be displayed, as below:

You may not yet understand the requirements of this task, and your accuracy rate has not yet reached our standard. Please carefully read the instruction again and continue to practice. If you are still not clear, please consult experiment assistant.

Thanks for your patience! Please press the space-bar to continue.

Instruction for Task 4

Welcome to the fourth task! This task is the same as Task 3. The two types of shapes (angular and rounded shape) and drinks (sparkling and still water) you learned from Task 1 and 2 will be randomly displayed on the screen. When you see either an angular shape or a sparkling water, please press "f" key; while when you see either a rounded shape or a still water, please press "j" key. Please stay focused and react as quickly and accurately as possible.

If you have already understood the above instruction, please put your left index finger on "f" key and right index finger on "j" key.

Please remember, angular shape or sparkling water -"f" key; rounded shape or still water -"j" key. If you are ready, please press the space-bar to start the task.

Stimuli are the same ones used in Task 1 and 2 Instruction for Task 5

Welcome to the fifth task! In this task, two types of shapes -angular and rounded -will be randomly displayed on the screen. When you see a rounded shape, please press "f" key; while when you see an angular shape, please press "j" key. Please stay focused and react as quickly and accurately as possible.

If you have already understood the above instruction, please put your left index finger on "f" key and right index finger on "j" key.

Please remember, rounded shape -"f" key; angular shape -"j" key. If you are ready, please press the space-bar to start the task.

Shape stimuli are the same ones used in Task 1

Note that, during the task, if participants wrongly react, for example, when seeing an angular shape, they press "f" key instead of "j" key, the computer will automatically remind them that their reaction is wrong. In addition, if their accuracy rate is below 80%, they will be asked to redo the task. Corresponding instruction will be displayed, as below:

You may not yet understand the requirements of this task, and your accuracy rate has not yet reached our standard. Please carefully read the instruction again and continue to practice. If you are still not clear, please consult experiment assistant.

Thanks for your patience! Please press the space-bar to continue.

Instruction for Task 6

Welcome to the sixth task! In this task, the two types of shapes (angular and rounded shape) and drinks (sparkling and still water) you learned from previous tasks will be randomly displayed on the screen. When you see either a rounded shape or a sparkling water, please press "f" key; while when you see either an angular shape or a still water, please press "j" key. Please stay focused and react as quickly and accurately as possible.

If you have already understood the above instruction, please put your left index finger on "f" key and right index finger on "j" key.

Please remember, rounded shape or sparkling water -"f" key; angular shape or still water -"j" key. If you are ready, please press the space-bar to start the task.

Stimuli are the same ones used in Task 1 and 2

Note that, during the task, if participants wrongly react, for example, when seeing either a rounded shape or a sparkling water, they press "j" key instead of "f" key, the computer will automatically remind them that their reaction is wrong. In addition, if their accuracy rate is below 80%, they will be asked to redo the task. Corresponding instruction will be displayed, as below:

You may not yet understand the requirements of this task, and your accuracy rate has not yet reached our standard. Please carefully read the instruction again and continue to practice. If you are still not clear, please consult experiment assistant.

Thanks for your patience! Please press the space-bar to continue.

Instruction for Task 7

Welcome to the seventh task! This task is the same as Task 6. The two types of shapes (angular and rounded shape) and drinks (sparkling and still water) you learned from previous tasks will be randomly displayed on the screen. When you see either a rounded shape or a sparkling water, please press "f" key; while when you see either an angular shape or a still water, please press "j" key. Please stay focused and react as quickly and accurately as possible.

If you have already understood the above instruction, please put your left index finger on "f" key and right index finger on "j" key.

Please remember, rounded shape or sparkling water -"f" key; angular shape or still water -"j" key. If you are ready, please press the space-bar to start the task.

Stimuli are the same ones used in Task 1 and 2 SUPPLEMENTARY STUDY 2-INSTRUCTION AND STIMULI General Instruction

Welcome to our experiment. The experiment consists of four simple tasks. During task 1 and 2, a red cross "+" will be first displayed in the center of the screen, reminding you that experiment starts. At this moment, please stay focused and stare at the center of the screen, after that, you will see a series of black and white pictures, and then two types of drinks -sparkling and still water (see their packages below) -will be randomly displayed on the screen. When you see a sparkling water, please press "f" key; while when you see a still water, please press "j" key. Please react as quickly and accurately as possible.

Sparkling water -"f" key Still water -"j" key

The instructions of task 3 and 4 will be presented after you complete the first two tasks. If you are already familiar with these sparkling and still waters, next we will give you a quiz to test your familiarity. When you are ready, please press the space-bar to enter the quiz.

Instruction for Quiz

Welcome to the quiz. Let us remind you again, when you see a sparkling water, please press "f" key; while when you see a still water, please press "j" key. Please stay focused and react as quickly and accurately as possible.

Sparkling water -"f" key

Still water -"j" key Note that, if your accuracy rate is less than 80%, then you will be asked to redo the quiz until you reach the standard. Now, please put your left index finger on "f" key and your right index finger on "j" key. If you are ready, please press the space-bar to start.

Instruction for Task 1

Congratulations! Now you are already very familiar with the sparkling and still waters. Next, you will enter task 1. Let us remind you again, during this task, a red cross "+" will be first displayed in the center of the screen, reminding you that experiment starts. At this moment, please stay focused and stare at the center of the screen, after that, you will see a series of black and white pictures, and then two types of drinks -sparkling and still water -will be randomly displayed on the screen. When you see a sparkling water, please press "f" key; while when you see a still water, please press "j" key. Please react as quickly and accurately as possible.

If you have already understood the above instruction, please put your left index finger on "f" key and right index finger on "j" key.

Please remember, sparkling water -"f" key; still water -"j" key. If you are ready, please press the space-bar to start the task.

Instruction for Task 1 Ending

Congratulations! You have successfully completed task 1. If you feel a little bit tired now, please have a short rest. When you feel good, please press the space-bar to continue.

Instruction for Task 2

Welcome to the second task! Similar to task 1, during this task, a red cross "+" will be first displayed in the center of the screen, reminding you that experiment starts. At this moment, please stay focused and stare at the center of the screen, after that, you will see a series of black and white pictures, and then two types of drinks -sparkling and still water -will be randomly displayed on the screen. When you see a sparkling water, please press "f" key; while when you see a still water, please press "j" key. Please react as quickly and accurately as possible.

If you have already understood the above instruction, please put your left index finger on "f" key and right index finger on "j" key.

Please remember, sparkling water -"f" key; still water -"j" key. If you are ready, please press the space-bar to start the task.

Instruction for Task 2 Ending

Congratulations! You have successfully completed task 2. If you feel a little bit tired now, please have a short rest. When you feel good, please press the space-bar to continue.

Instruction for Task 3

Welcome to the third task! During this task, a red cross "+" will be first displayed in the center of the screen, reminding you that experiment starts. At this moment, please stay focused and stare at the center of the screen, after that, you will see a series of black and white pictures, please try to identify what you see that is hidden in the black and white dot masks.

If you saw an angular shape, please press "f" key. If you guess it was an angular shape, please press "v" key.

If you saw a rounded shape, please press "j" key.

If you guess it was a rounded shape, please press "n" key. Currently, you do not have to remember all these reactions, we will also remind you later. If you are ready, please press the space-bar to start the task.

Stimuli used in this task

Angular shape

Rounded shape Black-white dot masks Instruction for Reaction

Please report the shape which was hidden in the black and white dot masks.

Saw an angular shape -please press "f" key Guess it was an angular shape -please press "v" key Saw a rounded shape -please press "j" key Guess it was a rounded shape -please press "n" key

Instruction for Task 3 Ending

Congratulations! You have successfully completed task 3. If you feel a little bit tired now, please have a short rest. When you feel good, please press the space-bar to continue.

Instruction for Task 4

Welcome to the fourth task! Similar to task 3, during this task, a red cross "+" will be first displayed in the center of the screen, reminding you that experiment starts. At this moment, please stay focused and stare at the center of the screen, after that, you will see a series of black and white pictures, please try to identify what you see that is hidden in the black and white dot masks.

If you saw an angular shape, please press "f" key. If you guess it was an angular shape, please press "v" key.

If you saw a rounded shape, please press "j" key. If you guess it was a rounded shape, please press "n" key. Currently, you do not have to remember all these reactions, we will also remind you later. If you are ready, please press the space-bar to start the task.

Stimuli are the same ones used in task 3

Instruction for Reaction

Please report the shape which was hidden in the black and white dot masks.. Saw an angular shape -please press "f" key Guess it was an angular shape -please press "v" key Saw a rounded shape -please press "j" key Guess it was a rounded shape -please press "n" key

Instruction for Ending

Congratulations! You have successfully completed all four tasks. Thanks again for your participation! At the end, please complete several simple questions which are presented on the paper.

WEB APPENDIX B STUDY 1B-EXPERIMENT ADMINISTRATION DETAILS

Participants were told that a new bottled drink was in the early stage of testing, and it did not yet have a brand name, just a rough logo (in the logo conditions only), and that we were only interested in their taste ratings.

Participants were individually tested in a room that had been set up in advance. Just prior to their entry into the room, a plastic bottle that exhibited either a rounded logo, an angular logo, or no logo had been filled with a popular brand of either still or sparkling water (see next section). Participants were seated at a table and the bottle was placed in the middle of the table so that they could clearly see the logo on the packaging bottle, and were provided written instructions indicating that we wanted them to taste the product and then answer some questions about it. The instructions asked them to keep the liquid in their mouth for 5 seconds in order to sufficiently experience the taste. Prior to beginning the taste test, participants indicated how thirsty they were along a 16 cm line scale (anchors: not at all, very).

When they were ready, we poured 20 ml of water from the bottle into a white disposable cup and participants tasted the water. The entire process, from bringing participants into the room to participants tasting the drink, took approximately 90 seconds. The room temperature was held constant (18-20 degrees Celsius) to assure similar drink quality across participants. After tasting the water, participants rated how carbonated and smooth they thought the drink was, each along a 16 cm line scale (anchors: not at all, very). Finally, participants indicated their attitudes toward the logo (except in the no-logo condition) with the same 3-item scale used in the previous experiments (α = .93).

STUDY 1B-INSTRUCTION AND STIMULI

We are working on a project developing a new bottled water and we wanted to ask if you would be willing to try it. It □ Yes □ No ___________________________________________________________ Please drag the slider along the following shape scale to a point that you think best matches a sweet taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a bitter taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a sweet taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a bitter taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a sweet taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a bitter taste.

___________________________________________________________

Please drag the slider along the following scale to a point that you think best matches a sweet taste.

Angular shape _____________________________________________________ Rounded shape ___________________________________________________________ Please drag the slider along the following shape scale to a point that you think best matches a bitter taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a sweet taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a bitter taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a sweet taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a bitter taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a sweet taste.

___________________________________________________________

Please drag the slider along the following shape scale to a point that you think best matches a bitter taste. Dear participants, Welcome to our experiment. In the experiment, you will complete two tasks.

___________________________________________________________

In the first task, we will show you a 5 X 5 grid image with a symbol "X" in some of the cells.

Please visualize this picture in your mind and remember the positions of the cells that have the symbol "X" in the table. And please try to keep this image in your mind continually until you complete the second task, because we will ask you to recreate the grid image at the end.

In the second task, we will show you a packaging figure which is designed for a new bottled sparkling water, and then please answer several simple questions based on your feelings of the packaging. But at the same time, please do not forget to keep the image you memorized in the first task in your mind.

At the end of this experiment, we will ask you to recreate the table and point out which cells have a symbol "X."

Welcome to the first task. Please see the following grid image and try to visualize it in your mind and remember the positions of the cells that have the symbol "X" in the table. Please do not take notes on paper in order to memorize this table. When you feel that you have remembered this picture, please enter in the next task. Meanwhile, please try to keep this image in your mind continually until you complete the second task, because we will ask you to recreate the grid image at the end.

X

X X X X X X X X X
Welcome to the second task! Please see the packaging figure first, and then answer some simple questions by your intuition.

Dear participants, Welcome to our experiment. In the experiment, you will complete two tasks.

In the first task, we will show you a series of numbers, please memorize these numbers in its order and try to repeat these numbers in your mind continually until you complete the second task, because we will ask you to report the numbers at the end.

In the second task, we will show you a packaging figure which is designed for a new bottled sparkling water, and then please answer several simple questions based on your feelings of the packaging. But at the same time, please do not forget to repeat the numbers you memorized in the first task in your mind.

At the end of this experiment, we will ask you to report the numbers in its order.

Welcome to the first task. Please see the following numbers, and memorize them in its order.

Please do not take notes on paper. When you feel that you have remembered these numbers, please enter in the next task. Meanwhile, please try to repeat these numbers in your mind continually until you complete the second task, because we will ask you to report the numbers at the end. We conducted separate 2 (visual training) × 2 (logo shape) ANOVAs for sparkling water, with carbonation and smoothness judgments as the dependent variables, under no load conditions only.

The results of this analysis can be seen in Figure A3. For judgments of carbonation, only the main effect of logo shape was significant (F(1, 116) = 9.83, p = .002). Specifically, under no load conditions, participants expected that the sparkling water would taste more carbonated in the angular logo condition than in the rounded logo condition, for both when they did not receive visual training (top left panel; Mangular = 5.62, SD = 1.81 vs. Mrounded = 4.50, SD = 2.18, F(1, 116) = 4.66, p = .033) and received visual training (top right panel; Mangular = 5.84, SD = 1.97 vs. Mrounded = 4.66, SD = 2.01, F(1, 116) = 5.17, p = .025).

The same pattern of results was observed for judgments of smoothness. Only the main effect of logo shape was significant (F(1, 116) = 9.83, p = .002). Specifically, under no load conditions, participants expected that the sparkling water would taste less smooth in the angular logo condition than in the rounded logo condition, for both when they did not receive visual training (bottom left panel; Mangular = 4.06, SD = 1.81 vs. Mrounded = 5.42, SD = 2.50, F(1, 116) = 5.98, p = .016) or received visual training (bottom right panel; Mangular = 4.12, SD = 2.07 vs. Mrounded = 5.29, SD = 2.20, F(1, 116) = 4.32, p = .04).

FIGURE A3 STUDY 3B: TASTE JUDGEMENTS AS A FUNCTION OF LOGO SHAPE AND VISUAL TRAINING UNDER NO LOAD

Chocolate bar. The effects of visual training for shape-taste crossmodal effects under visual load

We conducted separate 2 (visual training) × 2 (product shape) ANOVAs for chocolate bar, with sweetness and bitterness judgments as the dependent variables, under visual load conditions only.

The results of this analysis can be seen in Figure A4. For judgments of bitterness, the main effect of product shape (F(1, 118) = 5.70, p = .019) and the interaction of product shape and visual training were significant (F(1, 118) = 4.81, p = .03). As the top left panel shows, under visual load conditions, in the absence of visual training, participants expected that the chocolate bar would taste more bitter in the angular shape condition (M = 2.55, SD = 1.03) than in the rounded shape condition (M = 1.67, SD = .92, F(1, 118) = 10.50, p = .002). In contrast, for visual training condition (top right panel), the expectations of bitter taste did not significantly differ between angular (M = 1.97, SD = 1.12) and rounded shape conditions (M = 1.93, SD = 1.16, F(1, 118) = .019, p = .89). The same pattern of results was observed for judgments of sweetness, the main effect of product shape (F(1, 118) = 6.40, p = .013) and the interaction of product shape and visual training were significant (F(1, 118) = 5.25, p = .02). As the bottom left panel shows, under visual load conditions, when participants did not receive visual training, they expected that the chocolate bar would taste more sweet in the rounded shape condition (M = 7.77, SD = 1.04) than in the angular shape condition (M = 6.74, SD = 1.09, F(1, 118) = 11.64, p = .001). In contrast, when participants were trained to spontaneously visualize taste (bottom right panel), the expectations of sweet taste did not differ between rounded (M = 7.21, SD = 1.26) and angular shape conditions (M = 7.16, SD = 1.27, F(1, 118) = .028, p = .87). We conducted separate 2 (visual training) × 2 (product shape) ANOVAs for chocolate bar, with sweetness and bitterness judgments as the dependent variables, under no load conditions only.

The results of this analysis can be seen in Figure A5. For judgments of bitterness, only the main effect of product shape was significant (F(1, 116) = 11.11, p = .001). Specifically, under no load conditions, participants expected that the chocolate bar would taste more bitter in the angular shape condition than in the rounded shape condition, for both when they did not receive visual training (top left panel; Mangular = 2.24, SD = 1.21 vs. Mrounded = 1.62, SD = .80, F(1, 116) = 4.90, p = .029) or visual training (top right panel; (Mangular = 2.36, SD = 1.25 vs. Mrounded = 1.66, SD = .97, F(1, 116) = 6.24, p = .014).

The same pattern of results was observed for judgments of sweetness. Only the main effect of product shape was significant (F(1, 116) = 16.66, p < .001). Specifically, under no load conditions, participants expected that the chocolate bar would taste more sweet in the rounded shape condition than in the angular shape condition, for both when they did not receive visual training (bottom left panel; Mrounded = 7.81, SD = 1.13 vs. Mangular = 6.91, SD = 1.44, F(1, 116) = 7.81, p = .006) or received visual training (bottom right panel; Mrounded = 8.00, SD = 1.08 vs. Mangular = 7.04, SD = 1.21, F(1, 116) = 8.87, p = .004). 

STUDY 3B-INSTRUCTION AND STIMULI

Visual Training-Visual Load-Angular/Rounded Shape Dear participants, Thank you so much for participating in our experiment. In this experiment, we will ask you to complete three tasks.

In the first task, you will view a series of food pictures and we want you to evaluate the tastes of the foods. BUT before you start evaluating, please first visualize the tastes of the foods shown in the pictures. For example, before you evaluate the taste of a watermelon, please first visually imagine how juicy the watermelon is, or a scene expressing your taste experience when you eat the watermelon.

In the second task, we will show you a 5 X 5 grid image with a symbol "X" in some of the cells.

Please visualize this picture in your mind and remember the positions of the cells that have the symbol "X" in the table. And please try to keep this image in your mind continually until you complete the third task, because we will ask you to recreate the grid image at the end.

In the third task, we will show you some food pictures again and we want you to answer a couple of simple questions based on your feelings of the foods. BUT at the same time, please do not forget to keep the grid image you memorized in the second task in your mind.

At the end of this experiment, we will ask you to recreate the table and point out which cells have a symbol "X." Do not worry. At the beginning of each task, we will remind you the instruction again.

Before starting the food evaluation task (Task 1), we would like you to answer a few questions about the way you typically evaluate the taste of food.

-To what extent will you spontaneously visualize the taste of a food after you see the food (e.g., visually imagine how juicy a watermelon is, or a scene expressing your taste experience when you eat the watermelon)? 1= not at all, 9 = very much (1) Please view the following beer picture and fully visualize the taste of the beer. Next, please rate the taste of the beer.

-How carbonated do you think the taste of the beer is? 1 = not at all carbonated, 9 = very carbonated -How bitter do you think the taste of the beer is? 1 = not at all bitter, 9 = very bitter

(2) Please view the following burger picture and fully visualize the taste of the burger. Next, please rate the taste of the burger.

-How salty do you think the taste of the burger is? 1 = not at all salty, 9 = very salty -How sour do you think the taste of the burger is? 1 = not at all sour, 9 = very sour

(3) Please view the following cheese picture and fully visualize the taste of the cheese. Next, please rate the taste of the cheese.

-How smooth do you think the taste of the cheese is? 1 = not at all smooth, 9 = very smooth -How creamy do you think the taste of the cheese is? 1 = not at all creamy, 9 = very creamy (4) Please view the following cherry picture and fully visualize the taste of the cherry. Next, please rate the taste of the cherry.

-How sweet do you think the taste of the cherry is? 1 = not at all sweet, 9 = very sweet -How sour do you think the taste of the cherry is? 1 = not at all sour, 9 = very sour

(5) Please view the following chips picture and fully visualize the taste of the chips. Next, please rate the taste of the chips.

-How salty do you think the taste of the chips is? 1 = not at all salty, 9 = very salty -How crispy do you think the taste of the chips is? 1 = not at all crispy, 9 = very crispy (6) Please view the following coke picture and fully visualize the taste of the coke. Next, please rate the taste of the coke.

-How sweet do you think the taste of the coke is? 1 = not at all sweet, 9 = very sweet -How carbonated do you think the taste of the coke is? 1 = not at all carbonated, 9 = very carbonated (7) Please view the following cookies picture and fully visualize the taste of the cookies. Next, please rate the taste of the cookies.

-How sweet do you think the taste of the cookies is? 1 = not at all sweet, 9 = very sweet -How crispy do you think the taste of the cookies is? 1 = not at all crispy, 9 = very crispy (8) Please view the following chocolate picture and fully visualize the taste of the chocolate.

Next, please rate the taste of the chocolate.

-How bitter do you think the taste of the chocolate is? 1 = not at all bitter, 9 = very bitter -How smooth do you think the taste of the chocolate is? 1 = not at all smooth, 9 = very smooth (9) Please view the following coffee picture and fully visualize the taste of the coffee. Next, please rate the taste of the coffee.

-How bitter do you think the taste of the coffee is? 1 = not at all bitter, 9 = very bitter -How sour do you think the taste of the coffee is? 1 = not at all sour, 9 = very sour (10) Please view the following Fanta picture and fully visualize the taste of the Fanta. Next, please rate the taste of the Fanta.

-How carbonated do you think the taste of the Fanta is? 1 = not at all carbonated, 9 = very carbonated -How sour do you think the taste of the Fanta is? 1 = not at all sour, 9 = very sour (11) Please view the following picture of fried chicken and fully visualize the taste of the fried chicken. Next, please rate the taste of the fried chicken.

-How spicy do you think the taste of the fried chicken is? 1 = not at all spicy, 9 = very spicy -How crispy do you think the taste of the fried chicken is? 1 = not at all crispy, 9 = very crispy (12) Please view the following picture of a shrimp dish and fully visualize the taste of the shrimp dish. Next, please rate the taste of the shrimp dish.

-How spicy do you think the taste of the shrimp dish is? 1 = not at all spicy, 9 = very spicy -How salty do you think the taste of shrimp dish is? 1 = not at all salty, 9 = very salty (13) Please view the following grapefruit picture and fully visualize the taste of the grapefruit.

Next, please rate the taste of the grapefruit.

-How sour do you think the taste of the grapefruit is? 1 = not at all sour, 9 = very sour -How bitter do you think the taste of the grapefruit is? 1 = not at all bitter, 9 = very bitter (14) Please view the following grapes picture and fully visualize the taste of the grapes. Next, please rate the taste of the grapes.

-How sour do you think the taste of the grapes is? 1 = not at all sour, 9 = very sour -How sweet do you think the taste of the grapes is? 1 = not at all sweet, 9 = very sweet (15) Please view the following tea picture and fully visualize the taste of the tea. Next, please rate the taste of the tea.

-How sour do you think the taste of the tea is? 1 = not at all sour, 9 = very sour -How bitter do you think the taste of the tea is? 1 = not at all bitter, 9 = very bitter ( 16) Please view the following ice-cream picture and fully visualize the taste of the ice-cream.

Next, please rate the taste of the ice-cream.

-How smooth do you think the taste of the ice-cream is? 1 = not at all smooth, 9 = very smooth -How creamy do you think the taste of the ice-cream is? 1 = not at all creamy, 9 = very creamy (17) Please view the following coffee picture and fully visualize the taste of the coffee. Next, please rate the taste of the coffee.

-How smooth do you think the taste of the coffee is? 1 = not at all smooth, 9 = very smooth -How creamy do you think the taste of the coffee is? 1 = not at all creamy, 9 = very creamy (18) Please view the following lemon picture and fully visualize the taste of the lemon. Next, please rate the taste of the lemon.

-How bitter do you think the taste of the lemon is? 1 = not at all bitter, 9 = very bitter -How sour do you think the taste of the lemon is? 1 = not at all sour, 9 = very sour -How smooth do you think the taste of the sparkling water is? 1 = not at all smooth, 9 = very smooth -How carbonated do you think the taste of the sparkling water is? 1 = not at all carbonated, 9 = very carbonated (26) Please view the following picture of a chicken dish and fully visualize the taste of the chicken dish. Next, please rate the taste of the chicken dish.

-How salty do you think the taste of the chicken dish is? 1 = not at all salty, 9 = very salty -How spicy do you think the taste of the chicken dish is? 1 = not at all spicy, 9 = very spicy (27) Please view the following picture of still water and fully visualize the taste of the still water.

Next, please rate the taste of the still water.

-How smooth do you think the taste of the still water is? 1 = not at all smooth, 9 = very smooth -How carbonated do you think the taste of the still water is? 1 = not at all carbonated, 9 = very carbonated (28) Please view the following strawberry picture and fully visualize the taste of the strawberry.

Next, please rate the taste of the strawberry.

-How sweet do you think the taste of the strawberry is? 1 = not at all sweet, 9 = very sweet -How sour do you think the taste of the strawberry is? 1 = not at all sour, 9 = very sour (29) Please view the following chocolate picture and fully visualize the taste of the chocolate. Next, please rate the taste of the chocolate.

-How sweet do you think the taste of the chocolate is? 1 = not at all sweet, 9 = very sweet -How creamy do you think the taste of the chocolate is? 1 = not at all creamy, 9 = very creamy (30) Please view the following wine picture and fully visualize the taste of the wine. Next, please rate the taste of the wine.

-How bitter do you think the taste of the wine is? 1 = not at all bitter, 9 = very bitter -How smooth do you think the taste of the wine is? 1 = not at all smooth, 9 = very smooth -Overall, how difficult do you think the evaluation task of food taste is? 1 = not at all difficult, 9 = very difficult -Overall, how much effort did you put into the evaluation task of food taste? 1 = no effort, 9 = very much effort

In Task 1, you have evaluated the tastes of a series of foods under our instruction. Now, we would like to understand whether the evaluation tasks influence the way you evaluate the taste of food. Please answer the following questions.

-Now, to what extent will you spontaneously visualize the taste of a food after you see the food (e.g., visually imagine how juicy a watermelon is, or a scene expressing your taste experience when you eat the watermelon)? 1= not at all, 9 = very much -Now, to what extent will you spontaneously visualize the taste of a food when you evaluate the taste of the food? 1= not at all, 9 = very much -Now, to what extent do you rely on visualization when you evaluate the taste of a food? 1= not at all, 9 = very much Congratulations! You have completed task one! Welcome to task two and three!

In the second task, we will show you a 5 X 5 grid image with a symbol "X" in some of the cells.

Please visualize this picture in your mind and remember the positions of the cells that have the symbol "X" in the table. And please try to keep this image in your mind continually until you complete the third task, because we will ask you to recreate the grid image at the end.

In the third task, we will show you some food pictures again and we want you to answer a couple of simple questions based on your feelings of the foods. BUT at the same time, please do NOT forget to keep the grid image you memorized in the second task in your mind.

At the end of this experiment, we will ask you to recreate the table and point out which cells have a symbol "X."

Welcome to task two! Please carefully view the following 5 X 5 grid image and try to visualize it in your mind and remember the positions of the cells that have the symbol "X" in the table. Please do NOT take notes on paper in order to memorize this table. When you feel that you have remembered this image, please enter in the third task. Meanwhile, please try to keep this image in your mind continually until you complete the third task, because we will ask you to recreate the grid image at the end.

X

X X X X X X X X X
Welcome to task three!

In this task, we want you to know your initial reactions to some foods and drinks.

(1) Please carefully view the picture below of a sparkling water and then answer a few questions about it.

-How carbonated do you think the sparkling water is? 1 = not at all carbonated, 9 = very carbonated -How smooth do you think the sparkling water is? 1 = not at all smooth, 9 = very smooth

(2) Please carefully view the picture below of a chocolate bar and then answer a few questions about it.

-How sweet do you think the chocolate bar is? 1 = not at all sweet, 9 = very sweet -How bitter do you think the chocolate bar is? 1 = not at all bitter, 9 = very bitter -Please indicate which cells have the symbol "X" in the following matrix (each point represents a cell):

-What is your gender? □ Female □ Male -How old are you? _____________________

No Training-Visual Load-Angular/Rounded Shape Dear participants, Thank you so much for participating in our experiment. In this experiment, we will ask you to complete three tasks.

In the first task, you will see a series of calculation problems and we want you to evaluate the difficulty of the questions.

In the second task, we will show you a 5 X 5 grid image with a symbol "X" in some of the cells.

Please visualize this picture in your mind and remember the positions of the cells that have the symbol "X" in the table. And please try to keep this image in your mind continually until you complete the third task, because we will ask you to recreate the grid image at the end.

In the third task, we will show you some food pictures and we want you to answer a couple of simple questions based on your feelings of the foods. BUT at the same time, please do not forget to keep the grid image you memorized in the second task in your mind.

At the end of this experiment, we will ask you to recreate the table and point out which cells have a symbol "X." Do not worry. At the beginning of each task, we will remind you the instruction again.

Before starting the food evaluation task (Task 1), we would like you to answer a few questions about the way you typically evaluate the taste of food.

-To what extent will you spontaneously visualize the taste of a food after you see the food (e.g., visually imagine how juicy a watermelon is, or a scene expressing your taste experience when you eat the watermelon)? .125 -How difficult do you think this calculation problem is? 1 = not at all difficult, 9 = very difficult -How much effort do you need to pay if you solve this calculation problem? 1 = no effort, 9 = very much effort -Overall, how difficult do you think the evaluation task of calculation problem is? 1 = not at all difficult, 9 = very difficult -Overall, how much effort did you put into the evaluation task of calculation problem? 1 = no effort, 9 = very much effort Now, we would like you to answer a few questions about the way you typically evaluate the taste of food again.

-Now, to what extent will you spontaneously visualize the taste of a food after you see the food (e.g., visually imagine how juicy a watermelon is, or a scene expressing your taste experience when you eat the watermelon)? 1= not at all, 9 = very much -Now, to what extent will you spontaneously visualize the taste of a food when you evaluate the taste of the food? 1= not at all, 9 = very much -Now, to what extent do you rely on visualization when you evaluate the taste of a food? 1= not at all, 9 = very much Congratulations! You have completed task one! Welcome to task two and three! In the second task, we will show you a 5 X 5 grid image with a symbol "X" in some of the cells. Please visualize this picture in your mind and remember the positions of the cells that have the symbol "X" in the table. And please try to keep this image in your mind continually until you complete the third task, because we will ask you to recreate the grid image at the end.

In the third task, we will show you some food pictures and we want you to answer a couple of simple questions based on your feelings of the foods. BUT at the same time, please do NOT forget to keep the grid image you memorized in the second task in your mind.

At the end of this experiment, we will ask you to recreate the table and point out which cells have a symbol "X."

Welcome to task two! Please carefully view the following 5 X 5 grid image and try to visualize it in your mind and remember the positions of the cells that have the symbol "X" in the table. Please do NOT take notes on paper in order to memorize this table. When you feel that you have remembered this image, please enter in the third task. Meanwhile, please try to keep this image in your mind continually until you complete the third task, because we will ask you to recreate the grid image at the end.
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Welcome to task three!

In this task, we want you to know your initial reactions to some foods and drinks.

(1) Please carefully view the picture below of a sparkling water and then answer a few questions about it.

-How carbonated do you think the sparkling water is? 1 = not at all carbonated, 9 = very carbonated -How smooth do you think the sparkling water is? 1 = not at all smooth, 9 = very smooth

(2) Please carefully view the picture below of a chocolate bar and then answer a few questions about it.

-How sweet do you think the chocolate bar is? 1 = not at all sweet, 9 = very sweet -How bitter do you think the chocolate bar is? 1 = not at all bitter, 9 = very bitter -Please indicate which cells have the symbol "X" in the following matrix (each point represents a cell):

-What is your gender? □ Female □ Male -How old are you? _____________________

Visual Training-No load-Angular/Rounded Shape

Dear participants, Thank you so much for participating in our experiment. In this experiment, we will ask you to complete two tasks.

In the first task, you will view a series of food pictures and we want you to evaluate the tastes of the foods. BUT before you start evaluating, please first visualize the tastes of the foods shown in the pictures. For example, before you evaluate the taste of a watermelon, please first visually imagine how juicy the watermelon is, or a scene expressing your taste experience when you eat the watermelon.

In the second task, we will show you some food pictures again and we want you to answer a couple of simple questions based on your feelings of the foods.

Before starting the food evaluation task (Task 1), we would like you to answer a few questions about the way you typically evaluate the taste of food.

-To what extent will you spontaneously visualize the taste of a food after you see the food (e.g., visually imagine how juicy a watermelon is, or a scene expressing your taste experience when you eat the watermelon)? 1= not at all, 9 = very much -To what extent will you spontaneously visualize the taste of a food when you evaluate the taste of the food? 1= not at all, 9 = very much -To what extent do you rely on visualization when you evaluate the taste of a food? 1= not at all, 9 = very much Welcome to task one!

In this task, you will view a series of food pictures and we want you to evaluate the tastes of the foods. BUT before you start evaluating, please first visualize the tastes of the foods shown in the pictures. For example, before you evaluate the taste of a watermelon, please first visually imagine how juicy the watermelon is, or a scene expressing your taste experience when you eat the watermelon.

[The stimuli are the same as those shown above in the condition of Visual Training]

-Overall, how difficult do you think the evaluation task of food taste is? 1 = not at all difficult, 9 = very difficult -Overall, how much effort did you put into the evaluation task of food taste? 1 = no effort, 9 = very much effort

In Task 1, you have evaluated the tastes of a series of foods under our instruction. Now, we would like to understand whether the evaluation tasks influence the way you evaluate the taste of food. Please answer the following questions.

-Now, to what extent will you spontaneously visualize the taste of a food after you see the food (e.g., visually imagine how juicy a watermelon is, or a scene expressing your taste experience when you eat the watermelon)? 1= not at all, 9 = very much -Now, to what extent will you spontaneously visualize the taste of a food when you evaluate the taste of the food? 1= not at all, 9 = very much -Now, to what extent do you rely on visualization when you evaluate the taste of a food? 1= not at all, 9 = very much Welcome to task two!

In this task, we want you to know your initial reactions to some foods and drinks.

(1) Please carefully view the picture below of a sparkling water and then answer a few questions about it.

-How carbonated do you think the sparkling water is? 1 = not at all carbonated, 9 = very carbonated -How smooth do you think the sparkling water is? 1 = not at all smooth, 9 = very smooth

(2) Please carefully view the picture below of a chocolate bar and then answer a few questions about it.

-How sweet do you think the chocolate bar is? 1 = not at all sweet, 9 = very sweet -How bitter do you think the chocolate bar is? 1 = not at all bitter, 9 = very bitter -What is your gender? □ Female □ Male -How old are you? _____________________

No Training-No Load-Angular/Rounded Shape

Dear participants, Thank you so much for participating in our experiment. In this experiment, we will ask you to complete two tasks.

In the first task, you will see a series of calculation problems and we want you to evaluate the difficulty of the questions.

In the second task, we will show you some food pictures and we want you to answer a couple of simple questions based on your feelings of the foods.

Before starting the food evaluation task (Task 1), we would like you to answer a few questions about the way you typically evaluate the taste of food.

-To what extent will you spontaneously visualize the taste of a food after you see the food (e.g., visually imagine how juicy a watermelon is, or a scene expressing your taste experience when you eat the watermelon)? 1= not at all, 9 = very much -To what extent will you spontaneously visualize the taste of a food when you evaluate the taste of the food? 1= not at all, 9 = very much -To what extent do you rely on visualization when you evaluate the taste of a food? 1= not at all, 9 = very much Welcome to task one!

In this task, you will see a series of calculation problems and we want you to evaluate the difficulty of the questions. Note that we do NOT need you to give answers for the calculation problems, but we hope you try to calculate them a bit and give an objective evaluation for the difficulty of each question.

[The stimuli are the same as those shown above in the condition of No Training]

-Overall, how difficult do you think the evaluation task of calculation problem is? 1 = not at all difficult, 9 = very difficult -Overall, how much effort did you put into the evaluation task of calculation problem? 1 = no effort, 9 = very much effort Now, we would like you to answer a few questions about the way you typically evaluate the taste of food again.

-Now, to what extent will you spontaneously visualize the taste of a food after you see the food (e.g., visually imagine how juicy a watermelon is, or a scene expressing your taste experience when you eat the watermelon)? 1= not at all, 9 = very much -Now, to what extent will you spontaneously visualize the taste of a food when you evaluate the taste of the food? 1= not at all, 9 = very much -Now, to what extent do you rely on visualization when you evaluate the taste of a food? 1= not at all, 9 = very much Welcome to task two!

In this task, we want you to know your initial reactions to some foods and drinks.

(1) Please carefully view the picture below of a sparkling water and then answer a few questions about it.

-How carbonated do you think the sparkling water is? 1 = not at all carbonated, 9 = very carbonated -How smooth do you think the sparkling water is? 1 = not at all smooth, 9 = very smooth

(2) Please carefully view the picture below of a chocolate bar and then answer a few questions about it.

-How sweet do you think the chocolate bar is? 1 = not at all sweet, 9 = very sweet -How bitter do you think the chocolate bar is? 1 = not at all bitter, 9 = very bitter -What is your gender? □ Female □ Male -How old are you? _____________________

Obesity rates are increasing throughout the world, to the point that some have suggested we are in the midst of an obesity epidemic [START_REF] Seidell | Obesity: The Obesity Epidemic in the USA-NO End in Sight?[END_REF]. Obesity is a serious problem that not only has direct negative effects on health (e.g., cardiovascular diseases, diabetes, musculoskeletal disorders; [START_REF] Visscher | The Public Health Impact of Obesity[END_REF], but also indirect effects through increased societal health care costs [START_REF] Finkelstein | National Medical Spending Attributable to Overweight and Obesity: How Much, and Who's Paying?[END_REF]. For this reason, scientific granting agencies, and governments more generally, have supported research to identify the causes of obesity and to develop interventions to reduce obesity [START_REF] Gortmaker | Changing the Future of Obesity: Science, Policy, and Action[END_REF].

The objective of this research is to develop such an intervention that may potentially contribute to obesity reduction. In particular, we were interested in developing an intervention based on three narrow criteria: 1) it reduces portion size choices, 2) it is easily implementable, particularly for online fast food-delivery systems, and 3) it applies research on human decision- propose that the activation of the metaphoric concept of fullness will transfer to judgments of one's own appetitive fullness or appetite satiation (reduced hunger perceptions), and thus will reduce portion size choices. We activate the fullness metaphor through a simple manipulation in which we present a sequence of two food images that progresses from partial (e.g., a pizza with a missing piece) to whole (a pizza with no missing pieces). Thus, we expect that a partial-to-whole sequence will reduce portion size choice compared to the reverse sequence, static sequences (same image repeated), or no sequence (single image presentation).

We test these hypotheses in six experiments that vary the type of food (pizza, chocolate bar), choice (hypothetical, real), participants (adults, children), and languages (French, Mandarin, and English). We show that the presentation of the visual sequence from a partial food image to a whole food image reduces portion size choice compared to all other combinations of sequences or single image presentations, and none of the alternative sequences differ from each other in their effects on portion size choice. We further show that this effect is mediated by the metaphoric transfer effect of fullness, which is reflected by reduced feelings of hunger. We further show that the metaphoric transfer effect occurs even when the sequential images are unrelated to food and is eliminated when consumers' abilities to visualize are constrained.

Our research makes several important contributions. First, in terms of theoretical contribution, we contribute to the literature on conceptual metaphor by introducing a new conceptual metaphor (fullness), whose features and relations guide processing of superficially unrelated concepts. Further, we show that the metaphor can be activated (and subsequently applied) merely through a visual presentation of a partial-to-whole sequence. To our knowledge, this is the first research to demonstrate metaphoric transfer effects of fullness, and the first to demonstrate that the occurrence of these effects requires visualization of a dynamic (filling) process. Second, in terms of practical contributions, we contribute to the literature on portion size reduction and obesity, and add new insights into behavioral marketing interventions by developing a new one that is able to reduce consumers' portion size choices for both adults and children, is easily implementable in the setting of online food delivery, and has very little cost.

Third, we contribute to the literature on sensory marketing by extending the research that examines the influence of visual contextual cues on marketing persuasion.

CONCEPTUAL METAPHOR THEORY

Metaphor is a linguistic device in which one thing is described in terms of another superficially dissimilar thing [START_REF] Landau | A Metaphor-Enriched Social Cognition[END_REF]. However, conceptual metaphor theory [START_REF] Gibbs | The Cambridge Handbook of Metaphor and Thought[END_REF][START_REF] Lakoff | Metaphors We Live By[END_REF]) posits that metaphor is more than just a linguistic device to compare different things; it is a cognitive mapping tool that aids in understanding complex concepts [START_REF] Landau | A Metaphor-Enriched Social Cognition[END_REF][START_REF] Landau | Conceptual Metaphors Shape Consumer Psychology[END_REF]. Thus, people often rely on metaphorical thinking by drawing upon knowledge of a particular concept (source concept) to understand a superficially dissimilar concept (target concept; [START_REF] Gibbs | The Cambridge Handbook of Metaphor and Thought[END_REF][START_REF] Lakoff | Metaphors We Live By[END_REF].

Consider the common metaphorical expression "love is a journey." The metaphorical mapping uses the source concept of journey to understand the seemingly unrelated target concept of love.

Love is considered in terms of movement, and thus relationships are spoken of in the same terms ("we've come a long way," "we may need to part ways," etc.).

Individuals' metaphoric expressions often leverage a sensory perceptual state as the source concept, and many sources of conceptual metaphors derive from sensorimotor states and physical interactions with environment (e.g., tasting, eating, walking, grasping, touching, kicking, etc.; [START_REF] Landau | Conceptual Metaphors Shape Consumer Psychology[END_REF]. For example, the metaphoric expression "love is sweet" connects sensory knowledge of sweetness with the concept of love [START_REF] Yang | A Sweet Romance: Divergent Effects of Romantic Stimuli on the Consumption of Sweets[END_REF]. Similarly, the focal metaphor in the current research, "fullness," is a common source concept in metaphoric expressions. For example, in multiple languages, people often say "my life is full" (in English), "une vie pleine et tranquille" (in French), and " " (in Mandarin), to communicate that their lives have been fulfilling and meaningful. The concept of fullness is also commonly used to indicate appetite satiation, such as "I'm full (to bursting)" in English, "j'ai le ventre plein" in French, and " " in Mandarin.

Metaphoric transfer effect. Conceptual metaphors not only facilitate people's comprehension of certain concepts in daily language, but also shape their thoughts and judgments [START_REF] Landau | A Metaphor-Enriched Social Cognition[END_REF][START_REF] Landau | Conceptual Metaphors Shape Consumer Psychology[END_REF]. Given that the conceptual mapping function of metaphor uses elements of the source to structure representations of the target, source knowledge serves as a template for thinking about the target concept. Thinking in metaphors transfers knowledge about a source to the processing of a target concept, which in turn generates metaphor-consistent changes in the interpretation and evaluation of information about the target; this process is called the metaphoric transfer effect. Prior literature has provided numerous examples of how metaphoric transfer effects influence people's judgments and decisions in superficially dissimilar domains. For example, the concept of importance is often expressed as weight (important and significant issues are heavy). Consequently, participants rated a survey topic as more important when holding a heavy clipboard compared to a light clipboard [START_REF] Jostmann | Weight as an Embodiment of Importance[END_REF][START_REF] Zestcott | The Role of Conscious Attention in How Weight Serves as an Embodiment of Importance[END_REF]. Similarly, fishy smells are associated with suspicion and distrust (Lee and Schwarz 2012), and priming romantic concepts increases the consumption of sweets [START_REF] Yang | A Sweet Romance: Divergent Effects of Romantic Stimuli on the Consumption of Sweets[END_REF].

Metaphor transfer effects are typically explained in terms of associative network and spreading activation models of memory (Collins and Loftus 1975) in which activation of the metaphor activates other concepts to which it is associated, making them more accessible and more likely to be used as a basis of judgment [START_REF] Landau | A Metaphor-Enriched Social Cognition[END_REF]; Zhang and Li 2012).1 For example, consider the case that people tend to perceive others to be friendlier when they hold a cup of hot coffee (William and Bargh 2008). The increase of the physical temperature (induced by holding something hot) activates the concept of warmth in memory, which in turn automatically spreads out to relevant concepts such as friendliness. The concepts of warmth and friendliness are linked because people often use the term warm to describe a person who is friendly (e.g., "he is a warm person"), and thus the metaphoric connection (or expression) is stored in memory.

Metaphoric transfer effect of fullness. Based on the previous reasoning, we propose that activating the metaphoric source concept of fullness is likely to induce a metaphoric transfer effect to relevant but superficially dissimilar domains such as appetite satiation. In daily life, people often execute various actions to fill things. For example, the first thing after waking up may be to fill up a glass of water, then fill up with gas on the way to work, next fill in various forms during work, and finally, to fill in the missing pieces of a puzzle with one's kids at night.

The concept of filling is concrete and well-understood: "cause (a space or container) to become full or almost full" (fill; Oxford English Dictionary 2019). Correspondingly, the concept of fullness is "containing or holding as much or as many as possible; having no empty space" (full;

Oxford English Dictionary 2019). Therefore, making individuals aware of the process of filling to the point of having no empty space may spontaneously activate the metaphoric source concept of fullness.

Visual images are a common device for priming metaphors [START_REF] Landau | The College Journey and Academic Engagement: How Metaphor Use Enhances Identity-Based Motivation[END_REF][START_REF] Landau | Conceptual Metaphors Shape Consumer Psychology[END_REF].

For example, [START_REF] Landau | Embodied Metaphor and the 'True' Self: Priming Entity Expansion and Protection Influences Intrinsic Self-Expressions in Self-Perceptions and Interpersonal Behavior[END_REF] primed the concept of entity expansion or contraction by

showing participants a sequence of five images that progressed from the smallest square to the largest square (expansion), or the reverse sequence (contraction). Similarly, we propose that exposure to a sequence of food images progressing from partial to whole, which simulates the process of filling, is likely to activate the metaphoric source concept of fullness, and thus induce the metaphoric transfer effect to the domain of appetite satiation. If so, increasing the perception of fullness (decreasing the perception of hunger) should in turn reduce consumers' choices of portion sizes.

Thus far we have stated our hypotheses in terms of a visual sequence of food-related images (partial-to-whole) that activates the conceptual process of filling until full, which we propose is metaphorically transferred to judgments of appetite satiation. The choice of foodrelated sequences to activate the concept of filling until fullness is practical, given our objective of applying conceptual metaphor theory to reduce food portion size choice. However, conceptual metaphor theory would predict that any sequence of images that mimic the process of filling until full should activate the conceptual metaphor of fullness, and thus affect judgments of appetite satiation and hunger. Thus, we propose that if the partial-to-whole sequence indeed primes a fullness metaphor which is transferred to judgments of appetitive fullness, then exposure to any objects (not just food-related stimuli) in the partial-to-whole sequence should induce the metaphoric transfer effect, resulting in increased perceptions of appetitive fullness and reduced perceptions of hunger.

Different source concepts can be used to metaphorically describe a target concept (love is a journey; love is a bond). Similarly, the same source concept can be used to metaphorically link to different target concepts, and activating a source concept affects judgments in domains to which it is metaphorically applicable. For example, as noted earlier, physical heat (warmth) is metaphorically associated with interpersonal warmth, and thus participants judged a target person as friendlier after holding a cup of hot (vs. iced) coffee [START_REF] Williams | Experiencing Physical Warmth Influences Interpersonal Warmth[END_REF].

Physical heat is also metaphorically associated with anger ("hot-head"), and thus participants categorized angry faces (but not sad faces) more quickly when they were portrayed on a heatrelated background (campfire scene) than a neutral background [START_REF] Wilkowski | Hotheaded' Is More Than an Expression: The Embodied Representation of Anger in Terms of Heat[END_REF].

We propose that the same is true for the metaphorical concept of fullness. As we noted earlier, fullness is metaphorically applicable to appetite satiation ("I'm full"), and also applicable to a fulfilling life ("my life is full"). Thus, we predict that priming the source concept of fullness through the visual sequence of partial-to-whole images will affect judgments to which the metaphor is commonly applicable, and thus will not only affect judgments of appetitive fullness, but also judgments of how full one's life is. However, one requirement for metaphoric transfer effects is that the relevant metaphor is chronically accessible [START_REF] Landau | A Metaphor-Enriched Social Cognition[END_REF]. Thus, we do not expect that priming the concept of fullness will affect judgments of targets to which the metaphor is not commonly applicable (fullness of one's head).

Conceptual metaphor and visualization. The traditional view of the metaphor comprehension process is that it is a purely cognitive process in which the conceptual metaphor is activated in long-term memory and then mapped onto a target concept (metaphor transfer).

However, recently, some researchers have suggested that metaphor comprehension (and subsequent transfer) requires a process of mental simulation or visualization of the situation [START_REF] Gibbs | Metaphor Interpretation as Embodied Simulation[END_REF]. For example, comprehending the metaphorical notion of "chewing on an idea" or "grasping a concept" may require visualization of the embodied concept (physically chewing, grasping; [START_REF] Gibbs | Imagining Metphorical Actions: Embodied Simulations Make the Impossible Plausible[END_REF][START_REF] Gibbs | Imagining Metphorical Actions: Embodied Simulations Make the Impossible Plausible[END_REF]. Indeed, many manipulations of metaphor activation involve instructions to visualize the source concept [START_REF] Landau | The College Journey and Academic Engagement: How Metaphor Use Enhances Identity-Based Motivation[END_REF]; for a review, see [START_REF] Landau | Conceptual Metaphors Shape Consumer Psychology[END_REF].

Based on this theorizing, we propose that visualization of the partial-to-whole sequence is a necessary condition for the metaphoric transfer effect to occur. The partial-to-whole sequence is a dynamic process that demonstrates the process of filling, which activates the fullness metaphor. Thus, we expect that the metaphoric transfer will be reduced or eliminated when visual processing resources are constrained.

Alternative explanations. Although we have based our hypotheses of the expected effect of exposure to food images in the partial-to-whole sequence on conceptual metaphor theory, there are plausible alternative mechanisms that may explain the effect. One is mindful eating [START_REF] Jordan | Mindful Eating: Trait and State Mindfulness Predict Healthier Eating Behavior[END_REF][START_REF] Seguias | The Effect of Mindful Eating on Subsequent Intake of a High Calorie Snack[END_REF]. Because the absolute amount of the partial food (e.g., a piece missing) is smaller than the whole food, successive exposure to partial and whole food images may lead consumers to observe the size contrast between these two images (smaller vs. larger). If so, the size of the food may be particularly salient, causing consumers to be more mindful when choosing portion sizes. Another related underlying mechanism that may drive the effect is the completeness heuristic. [START_REF] Sevilla | The Completeness Heuristic: Product Shape Completeness Influences Size Perceptions, Preference, and Consumption[END_REF] showed that people perceive an incompletely shaped product (a partial one) to be smaller than a completely shaped one (a whole one), even with equal size and weight. Thus, exposure to a partial (incomplete) food image first, and then to a whole (complete) food image, may make the completeness heuristic more salient via the size contrast between the two images, and as a result, enlarge the size perception of the (complete) food, which may in turn lead consumers to choose smaller portion sizes.

Another possibility is based on life history theory [START_REF] Stearns | The Evolution of Life Histories[END_REF]; for a review, see Durante and Griskevicius 2018). Viewing images moving from partial to whole (or even from smaller partial to larger partial), which depicts an accumulation of food, may cue thoughts of future resource abundance, and thus may lead consumers to reduce their current portion size choices. However, the same life history theory would also predict that a whole-to-partial sequence may signal decreasing resources, and resource-deprivation cues may stimulate dietary consumption independent of actual hunger [START_REF] Cheon | Mere Experience of Low Subjective Socioeconomic Status Stimulates Appetite and Food Intake[END_REF][START_REF] Hill | Low Childhood Socioeconomic Status Promotes Eating in the Absence of Energy Need[END_REF].

Still other theories may predict that the opposite sequence (whole-to-partial) may reduce portion size choices. For example, a whole-to-partial sequence (or single partial image) may induce consumers to mentally simulate eating the food, which may reduce their feelings of hunger, and consequently reduce their portion size choices, although such mental simulation effects typically require repeated or prolonged simulations [START_REF] Cornil | Pleasure as a Substitute for Size: How Multisensory Imagery Can Make People Happier with Smaller Food Portions[END_REF][START_REF] Larson | Satiation from Sensory Simulation: Evaluating Foods Decreases Enjoyment of Similar Foods[END_REF][START_REF] Morewedge | Thought for Food: Imagined Consumption Reduces Actual Consumption[END_REF]. However, research also suggests that brief mental simulation of eating may lead consumers to want more by increasing their cravings [START_REF] Dadds | Imagery in Human Classical Conditioning[END_REF][START_REF] Soetens | When Suppression Backfires': The Ironic Effects of Suppressing Eating-Related Thoughts[END_REF]. Table S1 in Web Appendix A illustrates the predictions of the possible explanations. Our research addresses all of these alternative possibilities.

EMPIRICAL OVERVIEW

Six experiments investigated the effect of exposure to food images in a partial-to-whole sequence on reducing portion size choices and its underlying mechanism. Experiment 1A

provides initial evidence that exposure to food images (pizza) in the partial-to-whole sequence reduces French consumers' portion size choices, compared to a series of control groups (all other possible sequences), in the context of online food ordering with a food-delivery app. We also provide a replication (reported in Web Appendix B) using a different culture/language (U.S.).

Experiment 1B again replicates the portion size reduction effect of the partial-to-whole sequence with a different food (chocolate bar), a different participant pool (Chinese children), and real food choices.

Experiment 2 tests the metaphoric transfer hypothesis by showing that exposure to any type of objects (i.e., non-food stimuli such as grid images, the moon) in a partial-to-whole sequence induces the metaphoric transfer effect of fullness, which results in reduced perceptions of hunger and increased perception of appetitive fullness. We also provide evidence that the metaphoric transfer effect influences judgments in other domains to which the fullness metaphor commonly applies (a full life) but not to domains to which it does not commonly apply (fullness of head). Experiment 3 provides process evidence that the portion-size-reduction effect induced in partial-to-whole sequence is mediated by the metaphoric transfer effect of fullness, which is reflected by hunger reduction. Experiment 3 also teases apart some alternative explanations that could potentially drive the effect. Experiment 4 demonstrates that the portion-size-reduction effect induced by the metaphoric transfer effect of fullness requires visualization of the dynamic (filling) process that is conveyed by the food images, and thus the effects are eliminated when visualization abilities are inhibited. The general conceptual framework can be seen in Figure 1. 

EXPERIMENT 1A: PARTIAL-TO-WHOLE PIZZA IMAGES REDUCE PORTION SIZE CHOICE

Experiment 1A tested whether exposure to food images in the partial-to-whole sequence reduces choices of portion sizes. We manipulated the exposure sequences in an online setting for ordering pizza with a food-delivery app. To provide a full test of possibilities, the partial-towhole sequence was contrasted with five other possible sequences and single image presentations (for all six conditions, see Web Appendix B).
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Method

Participants, design, and procedure. Three hundred seventeen French college students (147 women; Mage = 23.04 years) participated in the experiment in exchange for an opportunity to participate in a lottery to win 30€. Participants were randomly assigned to conditions in a onefactor between-subjects design with six levels (presentation sequence: partial-to-whole, wholeto-partial, partial-to-partial, whole-to-whole, partial, whole; see Figure 2). Participants completed the experiment in groups of 6-12 in a lab equipped with computers, and the experiment was programmed in Qualtrics. During the experiment, participants were told they would be reading a consumption scenario and then answering a few questions. Prior to this, participants reported their hunger level (1 = not at all hungry, 7 = very hungry). Next, we asked participants to imagine that they were placing an online takeout order for pizza using a food-delivery app, and showed them pizza images according to the different presentation sequences. The partial pizza had one piece missing, and the whole pizza was without any piece missing. Participants could view the images as long as they desired. After viewing the pizza images, participants rated how much of the pizza they would like to order along a 7-point scale (1 = a very small portion, 7 = a very large portion).

Finally, participants provided an aesthetic evaluation of the images they viewed with three items (beautiful, attractive, disgusting (reverse-scored)) along a 7-point scale (1 = not at all, 7 = very much), and the items were averaged to form a composite measure (α = .82). In the conditions in which participants viewed both the partial and whole pizza images, we counterbalanced the presentation order of the images when asking them to provide the aesthetic evaluation.

Results and Discussion

A one-way ANOVA confirmed that participants' hunger levels did not differ across the conditions prior to the experimental treatment (ps > .36; for details, see Web Appendix B). On average, participants reported moderate levels of hunger (Mtotal = 3.42, SD = 1.16). A pairedsamples t-test with the ratings in partial-whole and whole-partial sequences (Mpartial = 4.40, SD = 1.38, Mwhole = 4.50, SD = 1.41, t(106) = -1.08, p = .28) and an independent-samples t-test with the ratings in the other sequences (Mpartial = 4.39, SD = 1.29, Mwhole = 4.59, SD = 1.22, t(208) = -1.20, p = .23) consistently confirmed that the aesthetic evaluations did not differ between the partial and whole pizza images (for details, see Web Appendix B).

We expected that viewing the partial-to-whole sequence would result in lower portion size choices compared to the other sequence conditions. A one-way ANOVA yielded a significant main effect of presentation sequence (F(5, 311) = 2.92, p = .01, = .045). The results can be seen in Figure 3. Planned contrasts showed that participants chose smaller portion sizes of pizza in the partial-to-whole sequence condition (M = 3.52, SD = 1.24) than in the sequences of whole-to-partial (M = 4.36, SD = 1.27, t( 311 The results of Experiment 1A provide evidence that it is the sequence of images that drives portion size reduction, and in particular, only the partial-to-whole sequence. More specifically, portion size choice did not differ between single images of partial and whole pizza, (t(311) = .04, p = .97), suggesting that the shape of the food image itself does not influence choice. Similarly, portion size choice did not differ between the sequences of successive exposure to partial images only and whole pizza images only (t(311) = -.38, p = .71). Further, portion size choice in these two conditions did not differ from the sequences of only exposure to partial and whole pizza images once (ps > .81), suggesting that a simple difference in number of exposures (twice vs. once) does not influence portion size choice, regardless of whether the food images are partial or whole. Finally, exposure to pizza images in the whole-to-partial sequence did not affect participants' portion size choices compared to the sequences of exposure to partial or whole pizza once or twice (ps > .32). This pattern of findings is consistent with our conceptual metaphor hypothesis, and inconsistent with a resource scarcity or mental simulation of eating the food, both of which predict that the whole-to-partial sequence increases portion size choices.

Web Appendix Experiment 1: Replication. The purpose of this experiment was to replicate the findings of Experiment 1A, but with a different dependent variable and a different participant pool. In Experiment 1A, we were interested in establishing the general effect, and thus used a 7-point response scale to measure portion size choice that ranged from "very small portion" to "very large portion." However, the response scale obviously lacks realism because it does not represent the typical choice responses for placing a pizza order. To address this issue, in the replication study, we used a response scale that consumers would typically encounter (e.g., small, medium, large, extra-large pizza).

Full details of the experiment are in Web Appendix B. In this experiment, we used a one-factor between-subjects design that retained the four sequential presentations used in Experiment 1A, but dropped the two single presentations (partial only, whole only). Participants were Amazon Mechanical Turk (MTurk) U.S. online panel members (N = 204) and the dependent variable measured portion size choice along a more realistic 4-point scale (1 = small, 2 = medium, 3 = large, 4 = extra-large). Replicating Experiment 1A, participants chose smaller portion sizes in the partial-to-whole sequence than in whole-to-partial sequence (p = .008), the partial-to-partial sequence (p = .041), and the whole-to-whole sequence (p = .022), and the other three sequences did not differ between each other in terms of portion size choice (ps > .52).

The results of Experiment 1A support the hypothesis that exposure to food images in the partial-to-whole sequence reduces portion size choice. In the next experiment, we test the generalizability of these effects by using a different food product, actual choice behavior, and a different participant pool demographic.

EXPERIMENT 1B: PARTIAL-TO-WHOLE CHOCOLATE IMAGES REDUCE CHILDREN'S PORTION SIZE CHOICE

The objective of experiment 1B was to demonstrate the generalizability of the findings of Experiment 1A by replicating the effects with actual choice behavior and using a different product category (chocolate bar). We were particularly interested in whether the effects are observable in children.

Method

Participants, design, and procedure. Two hundred fifty-three children recruited from a primary school in China (129 girls, age range: 6-14 years, Mage = 9.95 years) participated in the experiment. Participants were randomly assigned to conditions in a one factor between-subjects design with the same six image sequences used in Experiment 1A.

The experiment was conducted in the students' computer class. At the end of the class, the teacher told the children that she would like to provide them with some chocolate as a reward

for their good performance in the class, and they could have as much as they wanted. Before receiving the chocolate, the children first reported their hunger levels on the computers assigned to them in the class (1 = not at all hungry, 7 = very hungry). They then viewed the images of the chocolate bar they would be having (Web Appendix C) according to their experimental (sequence) condition. The partial chocolate bar had a few pieces missing, and the whole chocolate bar had no pieces missing. The children could view the images for as long as they desired.

After viewing the chocolate bar images, the children then chose how much of the chocolate they would like to have from nine options of portion sizes (option 1 = 2 pieces, option 9 = 28 pieces (i.e., the whole chocolate bar)), which served as the dependent variable. The scale was shown with images of different pieces of chocolate (Web Appendix C). After making their choices, the children rated the aesthetics of the images with the same scale used in Experiment 1A (α = .72). Finally, research assistants distributed the chocolate to the students according to their portion size choices.

Results and Discussion

Hunger levels did not differ across prior to the experimental treatment (ps > .35; Web Appendix C). On average, participants reported moderate levels of hunger (Mtotal = 3.72, SD = 2.12). A paired-samples t-test with the ratings in partial-whole and whole-partial sequences (Mpartial = 5.09, SD = 1.47, Mwhole = 5.22, SD = 1.56, t(78) = -.82, p = .42) and an independent-samples t-test with the ratings in the other sequences (Mpartial = 5.24, SD = 1.31, Mwhole = 5.39, SD = 1.29, t(172) = -.78, p = .44) again confirmed that the aesthetic evaluations did not differ between the partial and whole chocolate bar images (for details, see Web Appendix C).

We tested whether exposure to chocolate bar images in a partial-to-whole sequence reduced participants' portion sizes compared to the five other sequences. A one-way ANOVA indicated that the main effect of presentation sequence was significant (F(5, 247) = 2.31, p = .045, = .045). The results of this analysis can be seen in 

FIGURE 4 PORTION SIZE AS A FUNCTION OF PRESENTATION SEQUENCE (EXP. 1B)

2 p h

In the previous analyses, we treated nine choice options as a continuous, 9-point scale. We provided the nine options to make the choice options manageable for the children participants. However, the nine options do not represent truly equal intervals. Thus, we also tested our hypotheses by treating the responses as ranked data, and conducted Kruskal-Wallis tests (i.e., one-way ANOVAs on ranked responses), which treats the dependent variable as an ordinary (rank) variable. The Kruskal-Wallis test generated the same pattern of results. There was a statistically significant difference in portion size choices between the presentation sequences, χ 2 (5) = 13.49, p = .019. Participants' portion size choices in the partial-to-whole sequence were significantly smaller (mean rank = 88.69) than the other five sequences (mean ranks > 131.59, ps < .008); there were no differences in portion size choices between the other five sequences (ps > .78). These results again support our hypothesis and are inconsistent with the plausible alternative mechanisms that have different predictions on the sequence effects (resource scarcity, mental simulation of eating the food). 
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The results of Experiment 1B fully replicate the of Experiment 1A, but with actual choice of portion sizes, a different product category, and a different participant pool. The findings further bolster our theoretical reasoning, but also have implications for marketing applications for young consumers. In the following studies, we further investigate the processes that underlie the portion-size-reduction effect driven by exposure to food images in the partialto-whole sequence.

EXPERIMENT 2: PARTIAL-TO-WHOLE NON-FOOD OBJECT SEQUENCES INDUCE THE METAPHORIC TRANSFER EFFECT OF FULLNESS

In the previous studies, we demonstrated that exposure to food images in a partial-towhole sequence reduces portion size choice. We have theorized that this effect is driven by the metaphoric transfer effect of fullness that is induced by the partial-to-whole sequence.

Experiment 2 provides a test of this proposed underlying process of the metaphoric transfer effect. To provide strong evidence for the metaphoric transfer hypothesis, we used a different set of images as experimental stimuli, specifically, ones that are not related to food. We propose that if the sequence of partial-to-whole primes a fullness metaphor, then it should do so even if the images are not food-related. Moreover, according to conceptual metaphor theory, if it is indeed a metaphoric transfer effect, then the effect should not only transfer to judgments of appetitive fullness, but also to other judgments to which the metaphor is commonly applicable (e.g., a full life). However, it should not affect judgments that are relatively inapplicable to the metaphor (fullness of head). We tested these hypotheses using the four sequence conditions, dropping the single image presentation conditions.

item related to the metaphor (hunger, busyness, before directly using the metaphor itself in the question (full stomach, full life, full head).

For hunger and appetitive fullness, given that they are for the most part synonymous (r = .80), we expected that participants' judgments for both of the items would be influenced by the partial-to-whole sequence through the metaphoric transfer effect. In contrast, busyness is at best a minor element of a full life (r = .28), which is primarily related to perceptions of how fulfilling or meaningful one's life has been. Thus, we did not expect that participants' judgments of the busyness of their life would be influenced by the partial-to-whole sequence, but that their judgments of how full their life is would be influenced by the partial-to-whole sequence. Finally, we did not expect the partial-to-whole sequence to affect participants' judgments of the sufficiency of their knowledge or how full their head was. Although in some instances one might encounter a mention of a full head, the metaphor is relatively uncommon and thus unlikely to be activated by the partial-to-whole sequence.

At the end of the experiment, we measured how long it had been (in hours) since the participants had their last meal or snack, as an objective indicator of their hunger level.

Results and Discussion

A one-way ANOVA confirmed that participants' time of last meal or snack did not differ across conditions (ps > .42; for details, see Web Appendix D). On average, participants indicated that it had been approximately four hours since their last meal (Mtotal = 3.95, SD = 4.07).

To test whether exposure to objects in the partial-to-whole sequence led to the metaphoric transfer effect of fullness, we conducted separate one-way ANOVAs for each dependent variable, with presentation sequence as a between-subjects factor and participants' judgments to the six items related to hunger/full stomach, busyness/full life, and knowledge/full as dependent variables. Consistent with our predictions, the main effect of presentation sequence was significant for hunger (F(3, 204) = 3.25, p = .023, = .046), appetitive fullness (F(3, 204) = 2.56, p = .055, = .037, marginal significance), and fullness of life (F(3, 204) = 3.04, p = .03, = .043), but was not significant for busyness of life (F(3, 204) = .32, p = .81), sufficiency of knowledge (F(3, 204) = .14, p = .94), and fullness of head (F(3, 204) = .52, p = .67). The results of this analysis can be seen in Figure 5. 
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These findings provide strong support for the conceptual metaphor hypothesis, and taken together, the results rule out most of the alternative (in particular, mindful eating, completeness heuristic, resource abundance), all of which are specific to food items. The results also strongly suggest that the portion-size-reduction effects observed in previous studies are driven by hunger reduction via the metaphoric transfer effect, and are not an artifact of the wholeness or part of the specific food items. In the next experiment, we more directly test the hypothesis that hunger reduction mediates the portion-size-reduction effect.

EXPERIMENT 3: THE PORTION-SIZE-REDUCTION EFFECT IS MEDIATED BY HUNGER REDUCTION

Experiment 3 had two objectives. The first was to test the hypothesis that the effect of the partial-to-whole sequence on portion size choice reduction is mediated by hunger level. The second was to further rule out alternative explanations such as mindful eating and resource abundance. Given that the absolute amount of the partial food is smaller than the amount of the whole food, successive exposure to partial-to-whole food images may be regarded as successive exposure to smaller (less) and larger (more) foods, and thus the size contrast may lead consumers to be more mindful when choosing portion sizes, or lead to a sense of resource abundance, which may lead consumers to avoid over-consumption. If either of these explanations is correct, then successive exposure to a sequence that increases the absolute amount of food (e.g., partial to less partial) should reduce portion size choice. Thus, in Experiment 3, we added a condition in which participants were successively exposed to an image of a smaller partial food (pizza with two pieces missing) and then a larger partial food (pizza with one piece missing).

Method

Participants, design, and procedure. Two hundred and sixty-five UK-based participants (130 women; Mage = years) recruited from the Prolific online panel in return for a nominal fee were randomly assigned to conditions in a one-factor between-subjects design with five levels, the four sequences used in the previous experiments plus a smaller partial-to-larger partial sequence.

The procedure and stimuli were the same as those used in Experiment 1A, with the addition of the smaller partial-to-larger partial sequence (see Web Appendix E). The smaller partial pizza had two pieces missing, whereas the larger partial pizza had one piece missing (same as the partial pizza image used in previous studies). After viewing the pizza images, the participants indicated their portion size choice and then reported how hungry they were (1 = very full, 7 = very hungry). Next, they rated the aesthetics of the pizza images with the same scale used in previous studies. The items were averaged to form a composite measure (α = .83).

Finally, participants reported how many hours it had been since their last meal or snack.

Results and Discussion

Multiple tests confirmed that there were no differences in the aesthetics ratings between the smaller partial, (larger) partial, and whole pizza images (for details, see Web Appendix E). A one-way ANOVA also showed that the time of participants' last meal or snack did not differ across sequences (ps > .24; see Web Appendix E; Mtotal = 3.57, SD = 3.18).

Portion size choice.

A one-way ANOVA revealed the expected main effect of presentation sequence (F(4, 260) = 2.99, p = .02, = .044). The results of this analysis can be Hunger level. We next examined whether exposure to food images in the partial-to-whole sequence led the metaphoric transfer effect of fullness, thereby reducing feelings of hunger. A one-way ANOVA indicated that the main effect of presentation sequence was significant (F(4, 260) = 2.82, p = .026, = .042). The results of this analysis can be seen in the right panel of Portion size Hunger level partial-to-whole smaller partial-larger partial whole-to-partial partial-to-partial whole-to-whole 2 p h hunger levels. The results also rule out mindful eating, completeness heuristic, and resource abundance explanations, as these should affect size choice but not perceptions of hunger.

Mediation analyses. To test the mediation hypothesis, we used Hayes' (2018) PROCESS Model 4, with presentation sequence (1 = partial-to-whole sequence vs. 0 = partial-to-partial sequence) as the independent variable, portion size choice as the dependent variable, and hunger level as the mediating variable. The effect of presentation sequence on portion size choice was negative and significant (B = -.80, SE = .30, t = -2.63, p = .009). Next, when hunger level is entered into the model, presentation sequence shows a negative effect on hunger level (B = -.78, SE = .33, t = -2.36, p = .02), hunger level is positively related to portion size choice (B = .55, SE = .07, t = 7.63, p < .001), and the direct effect of presentation sequence on portion size choice becomes nonsignificant (B = -.37, SE = .25, t = -1.48, p = .14). Furthermore, bootstrapping with 5,000 resamples [START_REF] Hayes | Introduction to Mediation, Moderation, and Conditional Process Analysis[END_REF]) also confirms that the indirect effect of presentation sequence on portion size choice via hunger level is negative and significant (B = -.43, SE = .19, bootstrap CI:

-.8333 to -.0818). These results support our hypothesis that the effect of exposure to food images in the partial-to-whole sequence on portion size choice reduction is driven by hunger reduction.

The same pattern of results was obtained when we ran the same mediation analyses compared to the other sequence conditions (for full details, see Web Appendix E).

Overall, the results of Experiment 3 replicate the findings of Experiments 1A and 1B,

showing that the partial-to-whole sequence not only reduces portion size choice, but also perceptions of hunger, consistent with the findings of Experiment 2. We also show that the reduced effect of the partial-to-whole sequence on portion size choice is mediated by reduced hunger perceptions. That said, we realize that the hunger and portion size choice variables may be conceptually similar, and thus perhaps run the risk that the mediation is considered by some to be "meaningless" because the mediator and dependent variable are not sufficiently distinct (Zhao, Lynch, and Chen 2010, 205). However, hunger and portion size choice are only moderately correlated (r = .56), suggesting that they are sufficiently dissimilar constructs. In addition, we felt that it was important to establish the mediation to address the possibility that the portion-size-reduction effect is an artifact of the partial or whole images themselves, rather than the result of the sequential presentation and metaphor activation (i.e., it would be a problem if hunger did not mediate). Experiment 3 also included an additional condition (smaller partial-tolarger partial) to rule out alternative mechanisms of mindful eating and resource abundance. In the next experiment, we further establish the nomological net by examining the role of visualization in generating the portion-size-reduction-effect.

EXPERIMENT 4: THE METAPHORIC TRANSFER EFFECT OF FULLNESS REQUIRES VISUALIZATION

The objective of Experiment 4 was to test whether visualization is necessary for the metaphoric transfer effect of fullness. One explanation for the metaphoric transfer effect is that it occurs through effectively imagining (visualizing) the metaphorical action [START_REF] Gibbs | Metaphor Interpretation as Embodied Simulation[END_REF]Gibbs et al. 2005[START_REF] Gibbs | Metaphor Interpretation as Embodied Simulation[END_REF]. If so, then the effect should be attenuated if the ability to visualize the dynamic filling process via the partial-to-whole sequence is inhibited. To test this hypothesis, we manipulated participants' abilities to visualize via a visual load manipulation. Because visualization requires the involvement of visuospatial working memory (Baddeley and Andrade 2000), if a visualization process is necessary, then inhibiting visuospatial working memory should reduce or eliminate the effect. It is also worth noting that the visual load manipulation inhibits the visualizing of the dynamic filling process (mapping of the visual image onto the target concept via metaphor but does not inhibit the processing of the visual image itself. The initial processing of a visual image (e.g., color, shape) is completely effortless and enters directly into visuospatial working memory, and thus is not affected by visual load (Baddeley and Andrade 2000).

We also included a traditional cognitive load that inhibits phonological working memory to rule out the possibility that mental load in general is driving the effect, rather than being specific to visualization. The cognitive load also addresses the alternative explanation of mindful eating, which involves relatively high self-reflection and self-control that should consume substantial cognitive resources instead of visualization resources.

Method

Participants, design, and procedure. Three hundred and three UK-based participants (154 women; Mage = 37.29 years) recruited from the Prolific online panel in return for a nominal fee were randomly assigned to conditions in a 3 (mental load: visual, cognitive, no load) × 2 (presentation sequence: partial-to-whole, partial-to-partial) between-subjects design.

We informed participants that they would be completing two separate, unrelated tasks.

The first task constituted the manipulation of either visual or cognitive load, both wellestablished in the literature. Participants were asked to either visualize and memorize the placement of a symbol (X) within a grid (visual load, for inhibiting visuospatial working memory; Jiang et al. 2016;[START_REF] Logie | Interference with Visual Short-Term Memory[END_REF], or to repeat and memorize a 10digit-number series (cognitive load, for inhibiting phonological working memory; Gilbert, Pelham, and Krull 1988), or were given no memory task (no load). In the visual-and cognitive-load conditions, participants were asked to maintain the memories of the corresponding materials until they completed the second task.

Before the second task, we asked participants to report their hunger levels (1 = not at all hungry, 7 = very hungry). In the second task, we manipulated the presentation sequences with the same procedure used in Experiments 1A and 3, but to conserve power, included only the partial-to-whole and partial-to-partial sequences; participants then indicated their portion size choices with the same measures used in previous studies. Next, participants who were in the visual-load condition were asked to recreate the grid, and those in the cognitive-load condition were asked to write down the 10-digit number. They then provided ratings of task difficulty and effort they expended (1 = not difficult at all/no effort, 9 = very difficult/very much effort).

Finally, as a manipulation check, participants reported whether they had visualized the dynamic process of the two food images (1 = yes, 0 = no).

Results and Discussion

A 3 (mental load: visual load, cognitive load, no load) × 2 (presentation sequence: partialto-whole, partial-to-partial) ANOVA confirmed that participants' hunger levels did not differ across the conditions before they received the treatment of exposure to food images (ps > .64;

Web Appendix F; Mtotal = 3.64, SD = 1.76).

Manipulation checks. The proportion of participants who reported that they had visualized the dynamic process of the two food images was less in the visual-load condition (28.71%) than in either the cognitive-load condition (64.36%, χ 2 (1) = 24.51, p < .001) or the noload condition (71.29%, χ 2 (1) = 34.08, p < .001), with no difference between the latter two load conditions (χ 2 (1) = 1.10, p = .29). There were also no differences between the visual-and cognitive-load conditions in participants' ratings of task difficulty (Mvisual = 4.62, SD = 1.57 vs.

Mcognitive = 4.38, SD = 1.66, t(200) = 1.09, p = .28) or effort expended (Mvisual = 5.64, SD = 1.16 vs. Mcognitive = 5.58, SD = 1.24, t(200) = .35, p = .73).

Hypothesis testing. A 3 × 2 ANOVA revealed a significant main effect of presentation sequence (F(1, 297) = 7.22, p = .008, = .024) and a significant interaction between mental load and presentation sequence (F(2, 297) = 3.22, p = .04, = .021). The results of this analysis can be seen in Figure 7. Under no-load (control) conditions, the portion-size-reduction effect was observed, replicating the findings from the previous studies: participants chose smaller portion sizes in the partial-to-whole sequence (M = 3.86, SD = 1.36) than in the partial-to-partial sequence (M = 4.66, SD = 1.49, F(1, 297) = 7.57, p = .006, = .025). Virtually identical results

were observed in the cognitive load condition: participants again chose smaller portion sizes in the partial-to-whole sequence (M = 3.92, SD = 1.59) than in the partial-to-partial sequence (M = 4.62, SD = 1.32, F(1, 297) = 5.81, p = .017, = .019). Thus, the cognitive load did not inhibit the portion-size-reduction effect, consistent with the metaphoric transfer hypothesis, but inconsistent with the mindful eating explanation. 26, p = .61). Importantly, the interaction was driven by the fact that portion size choice was not reduced in the partial-to-whole sequence, but instead remained at the same higher levels observed in the partial-to-partial sequence. These results suggest that inhibiting participants' ability to visualize the dynamic (filling) process conveyed by the food images impedes their ability to comprehend and apply the metaphoric concept of fullness, and thus reduces (eliminates) the metaphoric transfer effect on reducing portion size choice. The results thus confirm the necessary role that visualization plays in the metaphoric transfer effect.

Taken together, the results of Experiment 4 suggest that a visualization process is necessary for comprehending the metaphoric concept of fullness and generating the metaphoric transfer effect on reducing portion size choice. This finding is consistent with Gibbs' (2006) 
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partial-to-whole partial-to-partial theory that the comprehension and transfer of conceptual metaphor derived from sensorimotor states (e.g., the metaphor of fullness that is derived from the movement of filling) is not a simple process based on activating abstract knowledge, but requires a visualization of the movement.

GENERAL DISCUSSION

Obesity is a severe health problem worldwide, and one effective way to reduce obesity rates is to persuade consumers to choose smaller portion sizes of food. In this research, we apply conceptual metaphor theory to develop a behavioral intervention that will reduce portion size choice. We show that a simple presentation of a sequence of two food images moving from partial to whole activates the conceptual metaphor of fullness, which transfers to judgments of appetitive fullness (reduced subjective perceptions of hunger), and consequently to the choice of smaller portion sizes. We also demonstrated the generalizability of this effect by showing that it is robust across different types of food products (pizza, chocolate bar), different choices (hypothetical, real behavior), different age groups (children and adults), and different languages (French, Mandarin, English).

We also presented evidence supporting the metaphoric transfer process by showing that the effects hold even when the image sequences are unrelated to food: viewing any partial to whole sequence (e.g., half-moon to full moon, partial grid to full grid) reduced perceptions of hunger and increased perceptions of appetitive fullness. In addition, the fullness metaphor activated by those non-food images transferred to judgments in other domains in which the metaphor is applicable (how full one's life is) but not to judgments in domains in which the metaphor is not commonly applicable (how full one's head is). Further, we showed that the metaphor transfer effect is attenuated (eliminated) when visualization abilities are impaired.

Taken together, these findings rule out a number of plausible alternative explanations, as we have noted. In particular, the fact that the proposed effects occur with non-food images rules out the alternatives directly related to food (e.g., mindful eating, resource abundance, completeness heuristic). The mediating effect of hunger and the moderating effect of visualization ability also reduce the plausibility that the portion-size-reduction effect is due to a methodological artifact of the presentation sequence or the images themselves (e.g., demand effects, perceptions of the static images, etc.).

Our research adds insights to conceptual metaphor theory on a number of levels. First, to the best of our knowledge, we are the first to propose and demonstrate the conceptual metaphor of fullness and its metaphoric transfer effect to judgments of superficially dissimilar constructs, and we did so through the presentation of a dynamic sequence of images (partial to whole). The results suggest that the metaphor of fullness is an embodied metaphor that derives from sensorimotor states (movement of filling). That is, mere exposure to a whole object itself did not activate the metaphor of fullness; it was only activated when exposure to two images progressed from partial to whole objects that signal a process of filling to fullness. Second, we provide evidence that activation and application of the metaphor requires the ability to visualize the dynamic (filling) process of progression from partial to whole, supporting Gibbs' ( 2006) theory that visualization plays a necessary role in the comprehension of embodied metaphors and the generation of the metaphoric transfer effects. Our research also shows that metaphor transfer effects can be observed in children. Although the age range used in our study with children (Experiment 1B) is too restricted to draw firm conclusions regarding when the metaphor can be comprehended and applied, the effects appeared to increase at roughly the onset of adolescence (age 10). Finally, our research contributes to the accumulating literature on the use of conceptual metaphors to influence consumer judgments (e.g., [START_REF] Cian | Positioning Rationality and Emotion: Rationality is Up and Emotion is Down[END_REF][START_REF] Landau | Conceptual Metaphors Shape Consumer Psychology[END_REF][START_REF] Sundar | Place the Logo High or Low? Using Conceptual Metaphors of Power in Packaging Design[END_REF][START_REF] Yang | A Sweet Romance: Divergent Effects of Romantic Stimuli on the Consumption of Sweets[END_REF].

One question that may arise is, if the sequence of a partial to whole image increases perceptions of appetitive fullness, shouldn't a sequence of whole to partial increase perceptions of becoming less full? The reason that a whole-to-partial sequence does not decrease perceptions of fullness relates to how metaphor transfer effects work. As [START_REF] Landau | A Metaphor-Enriched Social Cognition[END_REF] explain this process, a metaphor represents a system of knowledge that provides a way of thinking about the superficially dissimilar concept to which it is applied, and not simply an object-to-object priming effect. The partial-to-whole sequence activates the metaphor of fullness. However, there is no metaphor of "unfullness." Consequently, people have no reason to interpret a reverse sequence of filling (unfilling) in terms of appetitive fullness (or fullness of one's life). Thus, our research contributes to the theoretical underpinnings of the metaphor transfer process.

Our research also has practical implications and contributes to the literature on interventions to reduce portion size choice, which has implications for managerial decisionmaking. For those who are interested in encouraging the choice of smaller portion sizes, our research suggests that implementation of the dynamic image sequence (partial to whole) within the food ordering process may reduce portion size choice. The dynamic sequence should be relatively easy to implement at low cost in food apps and online food-ordering contexts (e.g., on the browse page and details page), and in fact we conceived of the manipulation with that objective in mind. Examples in which the use of this simple intervention may be appealing include employee or student cafeterias, where promotion of individual health is the primary objective, and profit-making is not an issue. In fact, ordering and delivering food in cafeterias in an online context is already gaining popularity (e.g., apps such as SchoolCafé). Diet apps (e.g.,

GreenChef

) would also be a potential context to implement the intervention.

Whether marketers would be amenable to implementing the intervention is another question. We fully acknowledge that convincing marketers to actually implement it may not be easy. If margins are sufficiently large for the smaller size such that they offset the net profit realized by choice of the larger size, marketers might be willing to implement the intervention. In other words, if marketers do not lose money, they may be willing to implement in the interest of societal benefits. That said, prominent fast food companies are proactively taking steps to promote healthier eating among their customers. Although we have argued that the potential application of the image sequence intervention is particularly useful in online food-ordering contexts there are other potential contexts as well. For example, many fast-food establishments have installed kiosks in which customers call up a menu, select items, and place their orders, rather than doing so directly to the employee at the counter. Similarly, many restaurants now provide customers with iPads or other tablets to browse the menu, which provides an environment for implementation of the intervention.

Limitations and Future Research

We have presented evidence that the activation of the fullness metaphor reduces subjective perceptions of hunger, which in turn reduces portion size choice. However, we do not want to overstate the claim, and acknowledge that there are limitations. First, hunger is not the only driver of portion size choice (this is evidenced by the moderate correlation between the two observed in Experiment 3). Other considerations, such as healthy eating concerns, dietary restrictions, and cost may affect choice. Second, metaphor transfer effects typically occur when people are uncertain about their target judgments, which in this case is hunger. Although hunger is considered to be a visceral, drive state [START_REF] Lowenstein | Out of Control: Visceral Influences on Behavior[END_REF], and people are likely accurate in assessing whether they are hungry or not, assessing precisely how hungry they are is another thing. For example, satiation is mentally constructed based on beliefs, expectations, external cues, and internal signals (for a review, see Cornil 2017), and not solely a function of how literally full one's stomach is. Indeed, most people can probably think of numerous situations in which they are indecisive about matching a portion size choice to their perceived level of hunger.

That said, it seems likely that for people who are at the extreme ends of the perceived hunger level (starving, full-to-bursting), the proposed manipulation may have less of an effect. We checked our data for this possibility, but the vast majority of participants indicated moderate levels of hunger, and thus we did not have the range or power to detect potential effects.

Another limitation pertains to the lasting effects of certain behavioral interventions. For example, although our intervention is not technically a behavioral "nudge" (it does not manipulate the choice architecture, but rather the pre-choice environment; [START_REF] Thaler | Nudge: Improving Decisions About Health, Wealth, and Happiness[END_REF], it shares some common features in that it is easy and cheap to avoid, and the effects may occur outside of conscious awareness. However, because the effects are likely to be nonconscious, there is no lasting behavioral change that can be applied across contexts. Thus, if the intervention/nudge is not present, neither is behavioral change.

Finally, our research raises some questions for future research pertaining to potential applications of conceptual metaphors induced by certain sequences. First, given that the fullness metaphor activated by the partial-to-whole sequence can influence perceptions of the fullness of one's life, it may be useful for influencing people's self-perceptions of their own life, and increasing self-worth. For instance, manipulating the presentation sequence of a logo (e.g., when turning on Apple devices, showing Apple's typical logo (the apple with a bite), then a full apple logo), may lead Apple's customers to feel their life is fuller; or more broadly, asking people to do some simple filling tasks such as filling up a glass of water or filling up a box may increase self-perceptions of fullness of life. Second, although we noted that there is no "unfullness" metaphor, and thus no expected effects of a whole-to-partial sequence of images, there is the common metaphor of emptiness (my life is empty, my heart is empty). Of course, this metaphor is negative, and may have no obvious beneficial applications, but there is a similar metaphor of emptying one's conscience (emptying my soul, pouring out my heart, soul, etc.), which may have beneficial applications. Future research is needed to demonstrate whether a sequence of images moving from non-empty to empty may activate this conceptual metaphor. Finally, research on the use of sequential images to activate other conceptual metaphors may be fruitful.

Sequential-image manipulations are easy to implement and are non-obvious to consumers, potentially making their effects more powerful.

A one-way ANOVA confirmed that participants' hunger levels ps > .19) did not differ across the conditions prior to the experimental treatment.

A one-way ANOVA showed that the main effect of presentation sequence was significant (F(3, 200) = 2.90, p = .036, = .042). Planned contrasts showed that participants chose smaller portion sizes of pizza in the partial-to-whole sequence (M = 1.78, SD = .70) than in the sequences of whole-to-partial (M = 2.20, SD = .85, t(200) = -2.69, p = .008, Cohen's d = .54), partial-to-partial (M = 2.10, SD = .73, t(200) = -2.05, p = .041, Cohen's d = .45), and whole-towhole (M = 2.14, SD = .80, t(200) = -2.31, p = .022, Cohen's d = .48). Portion size choices did not differ between the latter three sequences (ps > .52). These results provide compelling evidence that it is the sequence of images that drives portion size reduction, and in particular, only the partial-to-whole sequence.

2 p h -How beautiful is the chocolate image? 1 = not at all beautiful, 7 = very beautiful -How attractive is the chocolate image? 1 = not at all attractive, 7 = very attractive -How disgusting is the chocolate shown in the image? 1 = not at all disgusting, 7 = very disgusting

Presenting the chocolate images according to the specific sequences.

-What is your gender? Male/Female -What is your age? Please write it down in the box.

significant, suggesting that we did not find age significantly moderated the metaphoric transfer effect of fullness.

We conducted a moderation analysis using Hayes' (2013) PROCESS Model 1, with presentation sequence (partial-to-whole (treatment; coded as 1) vs. whole (control; coded as 0)) as independent variable, portion size as dependent variable, and age as moderator. The interaction between presentation sequence and age (B = -.25, SE = .31, t = -.79, p = .43) was not significant, suggesting that we did not find age significantly moderated the metaphoric transfer effect of fullness.

Scatterplots for the Moderation Analyses:

Note that for depicting the moderation effect of age on the conceptual metaphor effect, we used the best fitting-model depicting the relation between portion size choice and age under treatment and control conditions as a floodlight analysis. However, given that the observations in the age range are obviously underpowered, the scatterplots just aim to give some initial sense about how the conceptual metaphor effect changes with age. -What is your gender? Male/Female -What is your age? Please write it down in the box.

-When did you have your last meal/snack? (how many hours ago?) Mediation analysis with presentation sequence (1 = partial-to-whole sequence vs. 0 = whole-to-whole sequence) as the independent variable, portion size choice as the dependent variable, and hunger level as the mediating variable. Bootstrapping with 5,000 resamples confirms that the indirect effect of presentation sequence on portion sizes via hunger level is negative and significant (B = -.46, SE = .20, bootstrap CI: -.9043 to -.1070).

Taken together, these results consistently support our hypothesis that the effect of exposure to food images in the partial-to-whole sequence on portion size choice reduction is driven by the metaphoric transfer effect of fullness.

Please carefully view the pizza image below (as long as you desire), and then click the Continue button to answer a couple of simple questions.

Presenting the pizza images according to the specific sequences.

-If you are going to order the pizza shown in the ad images, how much of the pizza would you like to order? 1 = a very small portion, 7 = a very large portion -Please indicate which cells have the symbol "X" in the following matrix (each point represents a cell):

-How difficult do you think this visual memory task is? 1 = not at all difficult, 7 = very difficult -How much effort did you put into this visual memory task? 1 = no effort, 7 = very much effort -When viewing the pizza images, did you visualize the dynamic process of the two food images? Yes/No -What is your gender? Male/Female -What is your age? Please write it down in the box.

Cognitive Load Condition

Welcome to our survey. In the survey, you will complete two tasks.

In the first task, we will show you a series of numbers, please memorize these numbers in its order and try to repeat these numbers in your mind continually until you complete the second task, because we will ask you to report the numbers at the end.

In the second task, we will show you a consumption scenario, please carefully read the scenario and related materials and then answer a couple of questions with your intuition. But at the same time, please do not forget to repeat the numbers you memorized in the first task in your mind.

At the end of this experiment, we will ask you to report the numbers in its order.

Welcome to the first task!

Please see the following numbers and memorize them in its order. Please do NOT take notes on paper in order to memorize the numbers. When you feel that you have remembered these numbers, please enter in the next task. Meanwhile, please try to repeat these numbers in your mind continually until you complete the second task, because we will ask you to report the numbers at the end.

3 6 4 2 9 8 7 0 1 5 Before entering task 2, please answer the following question.

-How hungry are you at present? 1 = not at all hungry, 7 = very hungry Welcome to the second task! Suppose you are placing a takeout order with a food-delivery app and viewing pizza ad images online, please carefully view the pizza image below (as long as you desire), and then click the Continue button to view the next image. Meanwhile, please do not forget to repeat the numbers you memorized in the first task in your mind.

Please carefully view the pizza image below (as long as you desire), and then click the Continue button to answer a couple of simple questions.

Presenting the pizza images according to the specific sequences.

-If you are going to order the pizza shown in the ad images, how much of the pizza would you like to order? 1 = a very small portion, 7 = a very large portion -Please write down the numbers in its order in the following box.

-How difficult do you think this number memory task is? 1 = not at all difficult, 7 = very difficult -How much effort did you put into this number memory task? 1 = no effort, 7 = very much effort -When viewing the pizza images, did you visualize the dynamic process of the two food images? Yes/No -What is your gender? Male/Female -What is your age? Please write it down in the box.

No-Load Condition

Welcome to our survey. In the survey, we will show you a consumption scenario, please carefully read the scenario and related materials, and then answer a couple of questions with your intuition.

Before entering the formal task, please answer the following question.

INTRODUCTION

Online referral programs are one of the most frequently used online word-of-mouth based marketing strategies [START_REF] Schmitt | Referral Programs and Customer Value[END_REF][START_REF] Van Den Bulte | How Customer Referral Programs Turn Social Capital into Economic Capital[END_REF]) in this social networking era [START_REF] Choi | Embarrassing Exposures in Online Social Networks: An Integrated Perspective of Privacy Invasion and Relationship Bonding[END_REF]Yi et al. 2019;Yin, Bond, andZhang 2014, 2020). To incentivize consumers to participate in referral programs, online retailers often provide rewards to referrers (consumers who send out referral messages for referring a product) and/or recipients (consumers who receive the referral messages and decide whether to adopt the product referred) [START_REF] Ryu | A Penny for Your Thoughts: Referral Reward Programs and Referral Likelihood[END_REF][START_REF] Trusov | Effects of Word-Of-Mouth Versus Traditional Marketing: Findings from an Internet Social Networking Site[END_REF]. Specifying the optimal incentive scheme for online referral programs and identifying the underlying theoretical mechanisms that drive the effectiveness of the incentive scheme is an emerging topic of interest in the IS literature (e.g., [START_REF] Bapna | Analyzing the Impact of Incentive Structure on the Diffusion of Mobile Social Games: A Randomized Field Experiment[END_REF][START_REF] Hong | On the Role of Fairness and Social Distance in Designing Effective Social Referral Systems[END_REF][START_REF] Jung | Words Matter! Towards Pro-social Call-to-Action for Online Referral: Evidence from Two Field Experiments[END_REF][START_REF] Sun | Monetize Sharing Traffic via Incentive Design: A Randomized Field Experiment[END_REF].

Referral SaaSquatch, a leading referral marketing agency, showcases the most recommended referral reward programs: 45% of the referral programs use the strategy that only rewards referrers (so called egoistic strategy). For example, Google Suite rewards referrers a $15 discount if they make a referral and their friends (recipients) sign up to use Google Suite tools; 51% use the referral strategy that rewards both referrers and recipients (so called double-sided strategy). Prolific, for example, a popular online research platform, offers £50 coupons to both referrers and their friends (recipients) if they make a referral and the recipients sign up on the platform. However, very few (only 4%) use the referral strategy that only rewards recipients (so called prosocial strategy). For example, Lending Club, a peer-to-peer lending network, offers a $25 bonus to new lenders who are referred to by existing registered members. Given that the egoistic and double-sided strategies are commonly used in industry practice, a considerable body of literature has primarily focused on the effectiveness of these two kinds of referral strategies Our research makes three contributions to the IS literature on online referral programs in general and the effectiveness of the prosocial strategy in particular. First, extending prior studies that largely focus on comparing the relative effectiveness of the prosocial strategy compared with the egoistic strategy, we focus on its effectiveness relative to the double-sided strategy, while we also incorporate the egoistic strategy for comparison. By conducting a large-scale randomized field experiment and a set of online behavioral experiments in multiple contexts (e.g., online real-estate mortgage service, mobile app dictionary, photo-editing app, food delivery app) and across countries (e.g., U.S., U.K., France), we show that the prosocial strategy can effectively motivate referrers to behave prosocially (making referrals without being rewarded), while the prosocial strategy can be equally effective as the double-sided (and also the egoistic) strategy in terms of creating referrals.

Notably, the prosocial strategy can be as effective as the double-sided strategy (and more effective than the egoistic strategy) in terms of generating referrals and adoptions. As a result, we find that the prosocial strategy is as effective as the double-sided (and also more effective than the egoistic) strategy in terms of generating successful referrals, while it only requires half of the marketing expenditure compared to the double-sided strategy. These findings imply that the prosocial strategy could be the most economically efficient reward strategy for online referral programs in practice.

Second, we develop a theoretical framework that focuses on the role of altruism in motivating referrers' prosocial behaviors, explaining the effectiveness of both the prosocial and double-sided strategies. Extending the dual-market model [START_REF] Heyman | Effort for Payment: A Tale of Two Markets[END_REF], we show that the referrers' prosocial behaviors in the prosocial strategy are primarily driven by altruism (i.e., their spontaneous concern toward recipients' welfare), but once referrers are provided with rewards, as in the double-sided strategy, their referral behaviors largely depend on the rewards given to themselves, regardless of the rewards given to recipients, or the total benefit of the referrers and recipients. These findings indicate that the referrers' altruism is an important motivational mechanism that underlies the effectiveness of the prosocial strategy, in addition to the reputational benefit proposed by [START_REF] Gershon | Why Prosocial Referral Incentives Work: The Interplay of Reputational Benefits and Action Costs[END_REF]. These findings also suggest that referrers' altruistic tendencies are not simply determined by whether the incentive scheme could objectively increase the recipients' welfare, but also by whether the incentive scheme would shift referrers' attention from being concerned about recipients to being concerned about themselves.

Third, we are the first to show the asymmetrical effects of action cost and social cost in moderating referrers' altruistic tendencies. Specifically, we find that, on the one hand, referrers are sensitive to action cost such that their altruistic tendencies are significantly inhibited with the increase of the time and effort required by the referral behaviors, and the prosocial strategy is less effective than the double-sided strategy (and the egoistic strategy) when action cost of making referrals is high. On the other hand, however, referrers are not sensitive to social cost, such that their altruistic tendencies persist even when social cost of making referrals is high; accordingly, the prosocial strategy is as effective as the double-sided strategy (and more effective than the egoistic strategy) even if social cost is high.

LITERATURE REVIEW AND THEORETICAL DEVELOPMENT

Prosocial Reward Referrals

The extant literature on online referral programs focuses on studying whether providing rewards can effectively motivate consumers to participate (e.g., [START_REF] Orsingher | Psychological Drivers of Referral Reward Program Effectiveness[END_REF], increase customers' loyalty (e.g., Garnefel et al. 2013), reduce the risk of customer churn (e.g., [START_REF] Armelini | Referral Programs, Customer Value, and the Relevance of Dyadic Characteristics[END_REF], and increase matching between referred customers and firms (e.g., [START_REF] Van Den Bulte | How Customer Referral Programs Turn Social Capital into Economic Capital[END_REF]. Prior research also shows that the effects of providing rewards are contingent on various factors, such as reward types (e.g., Jin and Huang 2014), reward sizes (e.g., [START_REF] Kornish | Optimal Referral Bonuses with Asymmetric Information: Firmoffered and Interpersonal Incentives[END_REF], and customer characteristics (e.g., Kumar, Petersen, and Leon 2010).

Despite the considerable literature on referral reward scheme, prior research has focused on examining the egoistic and double-sided strategies, but it largely overlooks to explore the prosocial strategy, perhaps because it has been assumed to be less effective. For example, in the field experiment, [START_REF] Hong | On the Role of Fairness and Social Distance in Designing Effective Social Referral Systems[END_REF] could not incorporate the prosocial incentive scheme as a treatment group in their study because, as explained by the authors themselves (p. 797), the industry partner believed that the prosocial strategy would be unlikely accepted by the referrers.

The literature that examines the effectiveness of the prosocial strategy is rather limited. [START_REF] Ryu | A Penny for Your Thoughts: Referral Reward Programs and Referral Likelihood[END_REF] provide preliminary evidence (in their Study 3) that the prosocial strategy could be effective in terms of motivating referrers to make referrals when the tie strength between referrers and recipients is relatively strong. Notably, the authors find a trend that the referral likelihood of the prosocial strategy (90.1%) is higher than that of the egoistic strategy (82.8%), albeit not statistically higher. Their discussion focuses on the superiority of the prosocial strategy over the egoistic strategy, and they posit that its superiority is because social benefits are more important with strong ties. 4 Bapna et al. (2016) find that the prosocial strategy is more effective than the egoistic strategy in generating product adoption, but they do not explore whether the higher product adoption induced by the prosocial strategy is primarily driven by increasing the referrers' likelihood to refer the products (due to the prosocial behavior of giving recipients an opportunity to receive rewards), or by increasing the recipients' likelihood to adopt the referred products (recipients are incentivized to adopt the products). More recently, advancing [START_REF] Bapna | Analyzing the Impact of Incentive Structure on the Diffusion of Mobile Social Games: A Randomized Field Experiment[END_REF], [START_REF] Gershon | Why Prosocial Referral Incentives Work: The Interplay of Reputational Benefits and Action Costs[END_REF] show the relative advantage of the prosocial strategy over the egoistic strategy, and they find that the prosocial strategy can effectively motivate referrers to behave prosocially. [START_REF] Gershon | Why Prosocial Referral Incentives Work: The Interplay of Reputational Benefits and Action Costs[END_REF] further show that reputational benefit is likely a motivational mechanism that drives the referrers' prosocial behaviors.

The emerging, albeit still limited, literature on the prosocial strategy largely centers on examining the relative effectiveness of the prosocial strategy compared to the egoistic strategy.

To our knowledge, none of prior studies has focused on comparing the prosocial strategy with the double-sided strategy which is perhaps the most widely used (and presumably most effective) in practice. To fill this gap in the literature, we first examine the relative effectiveness of the prosocial strategy, compared to the double-sided strategy (and also the egoistic strategy as a benchmark comparison). Second, and more importantly, we explore the role of altruism in motivating referrers' prosocial behaviors, and seek to uncover the underlying mechanisms that drive the relative effectiveness of the prosocial strategy by examining the potential of the referrers' altruism and the crowding-out effect of the referrers' self-interest over their altruism.

Third, we uncover the asymmetric role of two types of referral cost (action cost and social cost) in moderating the referrers' altruistic tendencies. In Table 1, we summarize the key distinctions of our research, comparing to the key studies in the literature on referral reward strategies.

[Insert Table 1 about here]

Altruism and Crowding-Out Effect

Building on Fiske (1992)'s relation theory, [START_REF] Heyman | Effort for Payment: A Tale of Two Markets[END_REF] introduced the "dual-market model" to explain the relationship between compensation level and effort. In the dual-market model, there are two types of markets: the monetary market in which effort increases with compensation level, and the social market in which effort is shaped by altruism, and it is sensitive to others' welfare, instead of one's own compensation. In social-market relationships, people spontaneously pay effort to increase others' welfare due to altruism. Indeed, prior research recipients. In other words, the prosocial reward component of the double-sided strategy is less likely to add extra value in motivating referrers to make referrals.

In contrast to the altruism and crowd-out hypothesis theorized by the dual-market model, maximizing the collective benefit of referrers and recipients may be an alternative mechanism that drives the effectiveness of the prosocial reward component in both the prosocial and double-sided strategies [START_REF] Dawes | Not Me or Thee but We: The Importance of Group Identity in Eliciting Cooperation in Dilemma Situations: Experimental Manipulations[END_REF]. [START_REF] Clark | The Difference Between Communal and Exchange Relationships: What It Is and Is Not[END_REF] show that when people share helpful materials with others, they tend to view themselves having communal relationships with others and blur self-other boundaries. They are thus likely to view themselves and others as parts of a collective, and hence focus on the collective's total benefit. [START_REF] Tu | The Friendly Taking Effect: How Interpersonal Closeness Leads to Seemingly Selfish yet Jointly Maximizing Choice[END_REF] show that when consumers choose consumption packages for themselves and their friends together, they maximize the total benefit of the collective, no matter who benefits more. Thus, referrers' prosocial behaviors in the prosocial strategy could possibly be driven by the motivation of maximizing the collective benefit of referrers and recipients. Accordingly, if maximizing the collective benefit is the underlying mechanism, the double-sided strategy should be more effective than the prosocial (egoistic) strategy in motivating referral behaviors since the total reward value of the double-sided strategy is twice the prosocial (egoistic) strategy. We will address the alternative underlying mechanisms (altruism vs. maximizing collective benefit).

Asymmetrical Moderating Effects of Action Cost and Social Cost

A considerable literature shows that although people often behave prosocially without considering extrinsic benefits in return, their motivation of helping others decreases as the cost (e.g., effort, time, money paid) of the prosocial behavior increases (e.g., [START_REF] Clark | The Difference Between Communal and Exchange Relationships: What It Is and Is Not[END_REF].

Intuitively, people often give a stranger road direction by virtue of altruism, but they are less likely to help when asked to lend a large amount of money for free. [START_REF] Batson | Influence of Self-Reported Distress and Empathy on Egoistic Versus Altruistic Motivation to Help[END_REF] show that a high relative effectiveness of the double-sided strategy, when the social cost is high, is not straightforward. On the one hand, the high social cost may exacerbate the referrers' potential concern of being perceived by recipients as being self-interested (similar to the egoistic strategy); on the other hand, the prosocial reward component may offset the referrers' potential concern to some extent, while still motivate referrers to make referrals.

Thus far, we have mainly discussed the potential of the prosocial strategy for motivating referrers' referral behaviors, which is the first stage of a successful referral program. The second stage is the adoption stage which directly relates to whether potential customers (recipients) decide to adopt the referred products. An effective referral reward strategy also needs to motivate the recipients' adoption behaviors. In what follows, we discuss the relative effectiveness of the prosocial strategy in motivating recipients' adoption behaviors.

In a typical online referral program, referrers often just need to send out referral messages via email or social media, whereas recipients need to purchase or adopt a new product or service for a successful referral, suggesting that the action cost of recipients is typically much higher than those of the referrers [START_REF] Gershon | Why Prosocial Referral Incentives Work: The Interplay of Reputational Benefits and Action Costs[END_REF]). As we discuss above, the relatively high action cost is likely to undermine recipients' altruistic tendencies (giving rewards to referrers by adopting the referred product). Therefore, satisfying the recipients' self-interest is perhaps the primary driver that can motivate their adoption behaviors, suggesting that the strategies benefiting recipients (i.e., prosocial and double-sided strategies) are likely to be more effective in motivating the adoption behaviors of recipients than the egoistic strategy that only rewards referrers. In line with the dual-market model, the prosocial strategy (only benefiting recipients) is likely to be as effective as the double-sided strategy (benefiting both recipients and referrers) as the egoistic reward component of the double-sided strategy may crowd out recipients' altruistic tendencies. are primarily driven by altruism, and providing referrers with extrinsic rewards (as the doublesided strategy does) crowds out their altruistic motives. Study 3 shows that once referrers are offered extrinsic rewards, their referral likelihood is largely dependent on the rewards given to themselves, no matter whether and what rewards recipients receive, and thus, referrers' likelihood of referral does not change with the collective benefit. Our findings support the dual-market model, albeit not the alternative explanation of referrers seeking to maximize the collective benefit.

Studies 4 and 5 examine how referrers' altruistic tendencies and the relative effectiveness of the prosocial strategy changes with referral cost. The results show that the referrers' altruistic tendencies in the prosocial strategy are inhibited with increased action cost of referral behavior, but they are not inhibited with social cost of referral behavior, revealing the asymmetrical effects of action cost and social cost.

STUDY 1: RANDOMIZED FIELD EXPERIMENT

We collaborated with a company (anonymized as ABCompany) based in France that offers online real-estate mortgage services. With more than 70,000 registered users, the company had helped more than 700 families with real-estate projects since 2013. The company had not yet employed any online referral programs prior to this field experiment.

Method

12,029 registered users (5,018 women, Mage = 36.36) were randomly assigned to four strategies (no-reward, prosocial, egoistic, and double-sided). Participants in all strategies were invited to refer ABCompany's mortgage service to their friends. The key referral content of each strategy is presented in Appendix A. Users could refer the real-estate mortgage service via email, social media, or SMS. For referrers, we recorded whether the participants referred ABCompany to their friends (1=Yes, 0=No), and how many of their friends that each participant referred actually adopted the mortgage service by ABCompany.

Recipients received the referral messages which indicated that their friend (with the referrer's name) was referring ABCompany to them. They were informed about the referral content of each strategy, consistent with the content that referrers had. To adopt the mortgage service, recipients had to sign up, conduct simulations, and submit documents about their personal and financial information (e.g., bank statements, rental receipts, family record book).

For recipients, we recorded whether they submitted a dossier to ABCompany (1=Yes, 0=No).

Data collection was conducted via a referral marketing software in two batches, and each batch lasted for 30 days. Given that the samples of the two batches were fairly similar, we merged them together in the analysis. We also conducted separate analysis for each batch, and the results were qualitatively similar (for details, please see the Online Supplementary Material).

Results and Discussion

Randomization checks. To check whether our randomization was effective, we compared a number of covariates on participants across the four strategies. We did not find significant differences on participants' gender (ps > .74), age (ps > .64), user type (1 = users who purchased a real-estate with ABCompany service, 2 = users who submitted a dossier to ABCompany, and 3 = users who registered in ABCompany; ps > .70), monthly income (ps > .27), sign-up date (first sign-up to the start of the experiment, ps > .43), last login date (last login to the start of the field experiment, ps > .42), and number of simulations (frequency of using a free mortgage calculator that ABCompany offers, ps > .29). These results supported that participants were successfully randomized across the four referral reward strategies.

Referral behaviors. We first tested how the different strategies influenced the participants' referral behaviors, and in particular, whether the prosocial strategy was effective in motivating consumers to make referrals. We recorded how many friends each participant referred, and we found that the count data was highly over-dispersed (see Table 3), and only a few participants Consistent with the findings based on logistic regressions, the OLS regressions generated the same pattern of results. For full results from the logistic regressions and OLS regressions, please see the Online Supplementary Material.

Adoption behaviors. Since recipients' adoptions were conditional on referrers' referrals, we treated the number of referrals as N when comparing the four different strategies in motivating recipients to adopt. Because there were very few adoptions in the no-reward and egoistic strategies (see Table 4), we conducted exact-logistic regressions to test the effects on recipients' adoption behaviors. For the full exact-logistic regression results, see the Supplementary Material.

[Insert Table 4 about here] Results show that recipients' adoption behaviors significantly differed across the four strategies (model score = 17.73, p < .001). As the bottom panel of Figure 2 shows, recipients' adoption likelihood in the prosocial strategy (20.48%) was significantly greater than in the egoistic (3.66%; model score = 10.89, p = .001) and no-reward (1.96%; model score = 9.25, p = .003) strategies; and recipients' adoption likelihood in the double-sided strategy (21.35%) was also significantly greater than in the egoistic (3.66%; model score = 11.84, p = .0005) and noreward (1.96%; model score = 9.88, p = .0018) strategies, while the adoption likelihood between the egoistic (3.66%) and no-reward (1.96%) strategies did not significantly differ from each other (model score = .31, p = .66). These results suggest that the strategies satisfying the recipients' self-interests by offering rewards to recipients are more effective than the strategies without offering rewards to recipients in motivating recipients' adoption behaviors. Furthermore, there was no significant difference in recipients' adoption likelihood between the prosocial (20.48%) and double-sided (21.35%, model score = .20, p = 1.00) strategies. Taken together, these results suggest that the prosocial strategy is as effective as the double-sided (but more effective than the egoistic) strategy in motivating recipients' adoption behavior, while the prosocial strategy only requires half the marketing expenditure of the double-sided strategy.

Overall, the results from the field experiment show that referrers can behave prosocially, thus leading the prosocial strategy to be more effective than the no-reward strategy and as effective as the egoistic strategy in motivating referrers to make referrals, while it is more effective than the no-reward and egoistic strategies in motivating recipients to adopt the products referred to them. More importantly, we find that the prosocial strategy is as effective as the double-sided strategy in motivating both referral and adoption behaviors, despite only requiring half the marketing expenditure of the double-sided strategy.

As we theorize and show above, referrers can be motivated to make referrals by giving recipients an opportunity to receive rewards, showing prosocial behaviors. Next, we seek to uncover whether altruism is the motivational mechanism that drives referrers' prosocial behaviors and if so, when and how altruism motivates referrers' prosocial behaviors. The results also show that the strategies that satisfy recipients' self-interests are more effective in motivating recipients to adopt, suggesting that their adoption behaviors are largely driven by satisfying self-interests and thus recipients are less likely to behave prosocially. Therefore, we would not further discuss the motivational mechanism underlying recipients' adoption behaviors for the sake of simplicity.

STUDY 2: THE ROLE OF ALTRUISM

Study 2 aims to examine whether referrers' prosocial behaviors are driven by altruism.

According to the widely accepted definition [START_REF] Batson | Altruism and Prosocial Behavior[END_REF][START_REF] Warneken | Varieties of Altruism in Children and Chimpanzees[END_REF], altruism refers to one's spontaneous concern toward others' welfare, instead of one's own welfare. Because altruistic motive is a social-desirability-sensitive psychological construct, it is empirically challenging to measure altruism directly [START_REF] Batson | A Scientific Search for Altruism: Do We Only Care About Ourselves[END_REF]. Therefore, we have to use indirect approaches to infer the motivational mechanism of altruism, as noted by the literature of altruism (e.g., [START_REF] Batson | Critical Self-Reflection and Self-Perceived Altruism: When Self-Reward Fails[END_REF][START_REF] Batson | Altruism and Prosocial Behavior[END_REF][START_REF] Warneken | Varieties of Altruism in Children and Chimpanzees[END_REF].

In Study 2, we use two indirect approaches. The first approach lies in the definition of altruism. We propose that if referrers' prosocial behaviors are driven by altruism, then inducing referrers' self-concern (that is, inhibiting their spontaneous concern toward others) should reduce their prosocial behaviors. Otherwise, if the referrers' prosocial behaviors are driven by egoism, then the referrers' prosocial behaviors should still exist when referrers' self-concern are induced, because there is a consistency with their motivation.

In Study 2, we manipulated the participants' spontaneous concern toward others by inhibiting or not inhibiting the spontaneous concern. In the inhibiting condition, we induced participants' self-concern by asking them to read a paragraph and find out all words related to themselves; in the non-inhibiting condition, we asked participants to read a paragraph and find out neutral information (adopted from Mourey, Oyserman, and Yoon 2013). If altruism is the primary motivational mechanism, we would expect: 1) participants' prosocial behaviors to be reduced in the inhibiting condition and thus, their referral likelihood in the prosocial strategy to be lower than in the egoistic and double-sided strategies; and 2) participants' prosocial behaviors to remain in the non-inhibiting condition, and therefore their referral likelihood in the prosocial strategy to be similar to that in the egoistic and double-sided strategies, thus replicating the findings of Study 1.

The second approach to uncovering the participants' altruistic motive is to measure and compare their self-perceived altruism across reward strategies. Building upon self-perception theory, [START_REF] Batson | Critical Self-Reflection and Self-Perceived Altruism: When Self-Reward Fails[END_REF] suggest that self-perceived altruism can be used to infer the motives underlying one's prosocial behavior. This is because people's self-perceived altruism is likely to be promoted only when their prosocial behaviors are driven by intrinsic altruistic motives, while not in the presence of extrinsic rewards. Accordingly, if altruism drives referrers' prosocial behaviors, the self-perceived altruism of the participants who have made referrals in the prosocial strategy should be promoted, but the self-perceived altruism of the participants who have made referrals in the double-sided strategy would not be promoted, as their altruism would be crowded out by the egoistic reward component of the double-sided strategy. Method 430 U.S.-based participants from an Amazon Mechanical Turk panel (217 women, Mage = 36.70) were randomly assigned to conditions in a 2 (spontaneous concern toward others: inhibiting, non-inhibiting) × 4 (strategy: no-reward, prosocial, egoistic, double-sided) betweensubjects design. We asked participants to complete two tasks. In the first task, we manipulated their spontaneous concern toward others (adopted from Mourey, Oyserman, and Yoon 2013); in the second task, we invited participants to participate in a referral program. In the inhibiting condition of the first task, we asked participants to read a 162-word paragraph that was related to a beach experience, which was written from the first-person point of view (see Appendix B), and then to identify all pronouns in the paragraph (e.g., I, my, me, myself; 20 target words total). This manipulation was to prime participants' self-concern and to inhibit their spontaneous concern toward others. In the non-inhibiting condition, we asked participants to read a 162-word paragraph, written from a neutral perspective for describing a beach town (see Appendix B), and then to identify all numbers in the paragraph (e.g., 1987, 1/8, 0.7%; 20 target numbers total). Since this manipulation was neutral without any possibility to prime one's self-concern, it should not inhibit participants' spontaneous concern toward others [START_REF] Mourey | One Without the Other: Seeing Relationships in Everyday Objects[END_REF].

Next, we measured participants' mood with two items (for valence: how happy are you? 1=very unhappy, 9=very happy; for arousal: how excited are you? 1=very calm, 9=very excited) to check if reading different paragraphs affected the mood of the participants which may intervene participants' reactions to the referral task. Then, participants in all conditions were informed that the company is promoting a mobile app dictionary, and we invited them to participate in its referral program. If they refer the mobile app dictionary to their friends and their friends download and install the mobile app dictionary, then (a) no one (no-reward strategy), or (b) their friends (prosocial strategy), or (c) themselves (egoistic strategy), or (d) both themselves and their friends (double-sided strategy) will receive a $5 Amazon gift card. For making a referral, participants needed to fill in their names and their friends' names and contact information (e.g., email, phone number, or Facebook ID) in our system (participants were reminded that they could refer the app to multiple friends if they wanted), and we told participants that our system would send out the referral invitations to their friends, after they had filled out the required information. To make the referral scenario more realistic to the participants, we used a real company that was dedicated to providing the most professional multilingual dictionary, and we provided the introduction of the company and the mobile app dictionary (see Appendix B) to the participants. Participants then rated their self-perceived altruism on two items (the extent to which they generally help others for selfish/unselfish reasons: 1 = not at all, 9 = very much), adapted from [START_REF] Batson | Critical Self-Reflection and Self-Perceived Altruism: When Self-Reward Fails[END_REF]. Finally, participants reported their interests in using the mobile app dictionary (how much are you interested in using the mobile app dictionary? 1 = not at all interested, 9 = very interested).

Results and Discussion

A 2 (spontaneous concern toward others) × 4 (reward strategy) ANOVA confirmed that participants' interests in using the mobile app dictionary did not differ across conditions (ps > .46), ruling out that their responses were shaped by their interests in the stimuli selected in the experimental scenario.

Mood checks. Two 2 × 4 ANOVAs confirmed that the task of reading the different paragraphs did not lead to any significant difference in participants' emotional valence (ps > .30)

In contrast, however, when participants' spontaneous concern toward others was inhibited, (right panel of Figure 3), participants' referral likelihood in the prosocial strategy (18.37%) was not significantly different from the no-reward strategy (21.67%, χ 2 (1) = .18, p = .67), and it was significantly lower than that in the egoistic (39.22%, χ 2 (1) = 5.06, p = .025) and double-sided strategies (41.38%, χ 2 (1) = 6.28, p = .01). Results showed that when one's spontaneous concern toward others was inhibited, participants' prosocial behaviors in the prosocial strategy were significantly lower. Taken together, the results support that referrers' prosocial behaviors in the prosocial strategy are likely to be driven by altruism. Consistent with the findings of the logistic regression, OLS regressions generated the same pattern of results on the number of referrals. For results from the full logistic and OLS regressions, please see the Supplementary Material.

Self-perceived altruism. Next, we tested the altruism assumption via another approach; that is, comparing referrers' self-perceived altruism across reward strategies. Although our manipulation on the participants' spontaneous concern toward others (inhibiting or not inhibiting) has a significant effect on their prosocial behaviors, we note that it may not necessarily have a direct effect on participants' self-perceived altruism at an aggregate level. This is because participants' self-perceived altruism is likely to be promoted only for those who have behaved prosocially and made referrals, but not for those who have not, because selfperceived altruism is the outcome of self-rumination on one's prosocial behaviors. Accordingly, we propose that the spontaneous concern toward others is not a focal factor for testing the altruism assumption with self-perceived altruism, while there could be a significant interaction between the reward strategy and whether a referral has been made on self-perceived altruism.

To first give a full picture of our analysis, we conducted a 2 × 4 × 2 ANOVA with spontaneous concern toward others (inhibiting or non-inhibiting), reward strategy (no-reward, prosocial, egoistic, double-sided), and whether a referral has been made (yes or no) as between-In contrast, as the right panel of Figure 4 shows, for those participants who had not made a referral, their self-perceived altruism in the prosocial strategy (MP = 6.11, SD = 1.48) did not differ from the no-reward (MN = 6.02, SD = 1.83, t (286) = .31, p = .76), egoistic (ME = 5.96, SD = 1.82, t (286) = .50, p = .62), and double-sided (MD = 5.98, SD = 1.63, t (286) = .42, p = .68) strategies.

In fact, participants' self-perceived altruism did not differ across the four reward strategies (ps > .62). These results confirm that participants' self-perceived altruism would not be promoted, if they do not behave prosocially.

The results of Study 2 show that altruism is likely to be a primary motivational mechanism that drives referrers' prosocial behaviors in the prosocial strategy. The results also show the crowding-out effect of referrers' self-interests over their altruism in the double-sided strategy.

STUDY 3: COLLECTIVE BENEFIT VERSUS CROWDING OUT ALTRUISM

Findings from Study 1 and 2 that the prosocial strategy is as effective as the double-sided strategy in motivating referrers' referral behaviors provide preliminary evidence that maximizing collective benefit is not a primary motivation of participants when considering making referrals.

In Study 3, by manipulating the value of the rewards given to referrers and recipients, we aim to offer more direct evidence for ruling out the alternative motivational mechanism of maximizing collective benefit and supporting the crowd-out proposition derived from the dual-market model.

More specifically, we propose that 1) if referrers regard themselves and recipients as a collective and attempt to maximize their collective benefit, then the referrers' referral likelihood would increase with the total value of the rewards given to referrers and recipients together (i.e., the collective benefit); 2) if providing extrinsic rewards to referrers would lead them into an economic-incentive mindset that dominates their altruistic tendencies, then the referral behaviors of the referrers would be largely driven by the value of the rewards given to themselves, but rather they would be insensitive to the value of the rewards given to recipients. Method 500 U.K. based participants from Prolific online panel (250 women, Mage = 37.23) were randomly assigned to conditions in a 3 (value of the reward given to referrer: no, small, big) × 3 (value of the reward given to recipient: no, small, big) between-subjects design. In all conditions, participants were informed that a company is promoting a photo-editing app, and we invited them to participate in a referral program. Specifically, if they refer the photo-editing app to their friends and their friends download and install the photo-editing app, they would receive either (a) noreward, (b) a £2.5 Amazon gift card (small reward), or (c) a £5 Amazon gift card (big reward), and their friends would receive either (a) no-reward, (b) a £2.5 Amazon gift card (small reward), or (c) a £5 Amazon gift card (big reward). The referral procedure was the same as in Study 2. We used a real photo-editing software along with an introduction of the company and the photo-editing app (see Appendix C). Finally, participants reported their interests in using the photo-editing app.

Results and Discussion

A 3 (value of the reward given to referrer) × 3 (value of the reward given to recipient) ANOVA confirmed that participants' interests in using the photo-editing app did not differ across conditions (ps > .18). Similar to Study 1 and 2, because only few participants referred the photo-editing app to more than one friend (.40%), we mainly tested our hypotheses with a binary outcome (whether those participants referred the photo-editing app; 1 = Yes, 0 = No). We also provided analysis with a continuous outcome (the number of referrals each participant made) through a log-transformation, as a robustness check.

Logistic regressions with the value of the referrer's and recipient's rewards as betweensubjects factors (each reward strategy is coded as a dummy variable) revealed a significant main effect of the reward value given to referrers on participants' referral likelihood (χ 2 (2) = 11.83, p = .003). Overall, participants' referral likelihood was significantly higher when the reward value given to referrers was big (41.71%) than when it was small (24.70%, χ 2 (1) = 10.87, p = .001), versus no-reward (29.56%, χ 2 (1) = 5.30, p = .02). The results also revealed a significant interaction between the value of the reward given to referrers and recipients (χ 2 (8) = 18.89, p = .016).

To decompose the interaction, we conducted separate logistic regressions with the value of the reward given to recipients as an independent variable under the three levels of the reward value for referrers. As the left panel of Figure 5 shows, when referrers were given no reward, the participants' referral likelihood was significantly higher when the value of the reward given to recipients was big (42.86%) than when the value of the reward was small (24.07%, χ 2 (1) = 4.23, p = .04), versus the no-reward condition (20.41%, χ 2 (1) = 5.77, p = .016). The results support the dual-market model in the sense that when the referrers are given no rewards, they are technically in a social-market relationship in which their referral behaviors are largely driven by their spontaneous concern toward their friends' welfare, and accordingly, the referral likelihood of the referrers increases with the increase in the value of the reward given to the recipients.

[Insert Figure 5 about here] However, as the middle panel of Figure 5 shows, when referrers are given a small reward, the value of the reward given to the recipients does not affect the referrers' referral likelihood (Mno-reward = 24.56% vs. Msmall= 26.32% vs. Mbig = 23.08%, ps > .70), and their referral likelihood is at a lower level. Similarly, as the right panel of Figure 5 shows, when referrers are given a big reward, the value of the reward given to recipients does not influence the referrers' referral likelihood either (Mno-reward = 41.38% vs. Msmall= 41.07% vs. Mbig = 42.62%, ps > .87), and their referral likelihood is at a higher level. These results suggest that when keeping the value of the reward given to referrers constant (no matter whether it was small or big), referrers' referral likelihood does not change with whether and what rewards the recipients would receive, implying that as long as referrers are given rewards, their referral likelihood is largely dependent on the value of the rewards given to themselves (i.e., self-interest), regardless of the rewards given to the recipients (i.e., crowding out their altruism). The results again support the dual-market model, albeit not the alternative explanation for maximizing the collective benefit of the referrers and the recipients. Consistent with the findings based on the logistic regressions, OLS regressions generated the same pattern of results on the number of referrals. For all results from the logistic and OLS regressions, please see the Online Supplementary Material.

We also conducted another analysis for testing the assumption of maximizing the collective benefit by keeping the total value of the rewards given to the collective constant (a small reward + a big reward), but evenly assigning the rewards of different values to different roles. We found that the referrers' referral likelihood was significantly higher when they were given the big reward and recipients were given the small reward (41.07%) than when referrers were given the small reward and recipients were given the big reward (23.07%, χ 2 (1) = 3.87, p = 0.05), again ruling out that referrers attempted to maximize the collective benefit.

Taken together, the results from Study 3 show that the referral likelihood of the referrers (as well as the number of referrals) increases with the value of the rewards given to recipients when referrers are not rewarded. However, as long as referrers are also rewarded, they become self-regarding, and their referral behaviors are insensitive to the value of the rewards given to the recipients, implying that giving referrers extrinsic rewards crowds out their altruism, consistent with the dual-market model. Correspondingly, the results do not support the alternative theoretical explanation that the referrers' prosocial behaviors in the prosocial strategy are driven by maximizing the collective benefit.

In Studies 4 and 5, we examine how the action cost and the social cost of referrers' referral behaviors moderate their altruistic tendencies in the prosocial strategy and the relative effectiveness of the prosocial strategy. our referral program? (ii) How much is the time spent for participating in our referral program? and (iii) How much is your referral cost for participating in our referral program? 1 = very little, 9 = very much, a = .82). Finally, participants reported their interest in using the food-delivery app.

Results and Discussion

A 2 (action cost) × 3 (reward strategy) ANOVA confirmed that participants' interests in using the food-delivery app did not differ across conditions (ps > .46). Manipulation checks. Our results showed that referrers who only had to fill out the information needed reported that their referral cost (MLow = 3.01, SD = 1.62) was significantly lower than those who had to download and install the app first, and then had to fill out the information needed (MHigh = 3.95, SD = 1.68, t (329) = -5.16, p < .001).

Referral behaviors. Similar to previous studies, because only very few participants referred the food delivery app to more than one friend (1.21%), we mainly tested our hypotheses with a binary outcome (whether the participants referred the food delivery app; 1 = Yes, 0 = No).

We also provided analysis with a continuous outcome (number of referrals each participant made) through a log-transformation, as a robustness check.

Logistic regressions with action cost and reward strategy as between-subjects factors revealed a significant main effect of the action cost on participants' referral behaviors (χ 2 (1) = 31.99, p < .001). As expected, overall, participants were more likely to make referrals when the action cost was low (54.97%) than when the action cost was high (23.75%). The results also revealed a significant interaction between action cost and reward strategy (χ 2 (5) = 34.49, p < .001).

To decompose the interaction, we conducted separate logistic regressions with reward strategy as an independent variable under the low-action-cost versus high-action-cost conditions.

As the left panel of Figure 6 shows, under the low-action-cost condition, participants' referral likelihood did not significantly differ among the three reward strategies (MP = 55.93%, ME = 51.61%, MD = 58.00%, ps > .50); however, as the right panel of Figure 6 shows, under the highaction-cost condition, participants' referral likelihood in the prosocial strategy (MP = 10.71%) was significantly lower than in the egoistic (ME = 29.41%, χ 2 (1) = 5.48, p < 0.019) and double-sided (MD = 32.08%, χ 2 (1) = 6.83, p < 0.009) strategies. These results suggest that when the action cost is relatively low, participants show altruistic tendencies in the prosocial strategy, and thus offering rewards to their friends was as effective as giving rewards to themselves. However, when the action cost was relatively high, referrers' altruistic tendencies significantly decreased, and accordingly the effectiveness of the prosocial strategy decreased. Finally, OLS regressions generated the same pattern of results on the number of referrals. For the full results from the logistic and OLS regressions, please see the Online Supplementary Material.

[Insert Figure 6 about here] Study 4 demonstrates that the action cost of referral behavior is an important moderating factor shaping referrers' altruistic tendencies and the relative effectiveness of the prosocial strategy. The findings justify the effectiveness of the prosocial strategy in a typical online referral program where referrers' action cost is often relatively low (e.g., sending out a link via email). In Study 5, we explore the moderating effect of the social cost of referral behavior.

STUDY 5: SOCIAL COST

Study 5 explores how social cost of referral behavior influences the referrers' altruistic tendencies in the prosocial strategy and also the relative effectiveness of the prosocial strategy.

We operationalize the social cost (low vs. high) by manipulating the quality of the product referred (high vs. low), which determines the potential risk level of the social relationship between referrers and recipients due to a satisfying or poor referral. Method 331 U.K. based participants from Prolific online panel (167 women, Mage = 36.61) were randomly assigned to conditions in a 2 (social cost: low, high) × 3 (reward strategy: prosocial, egoistic, double-sided) between-subjects design. Participants in all conditions were informed that a company is promoting a food-delivery app, and they were invited to participate in a referral program. Specifically, if they referred the food-delivery app to their friends, and their friends downloaded and installed the food-delivery app, then (a) their friends (prosocial strategy), or (b) themselves (egoistic strategy), or (c) both themselves and their friends (double-sided strategy) would receive a £10 MacDonald's voucher. The referral procedure was the same as in Study 4.

To manipulate the social cost of a referral, we manipulated the rating score of the food delivery app shown on the introduction of the company and its app (see Appendix E) to the participants. In the low-social-cost condition, the rating score was relatively high (4.8 out of 5), which signaled that the quality of the food-delivery app was rather high (thus quality uncertainty was relatively low), and therefore their friends were less likely to feel dissatisfied if they made a referral. In the high-social-cost condition, the rating score was relatively low (3.8 out of 5), which signaled that the quality of the food-delivery app was not very high (thus quality uncertainty was relatively high), and therefore their friends were more likely to feel dissatisfied if they made a referral. We used the same product with Study 4 as our experimental stimulus.

After participants decided whether to make a referral, they then reported how much their perceived social cost was for making a referral on three items (How worried are you that your friends may be dissatisfied with the food-delivery app you refer? How guilty would you be if your friends are dissatisfied with the food-delivery app you refer? How much is your social risk for participating in our referral program? 1 = very little, 9 = very much, a = .80). Finally, participants reported their interest in using the food-delivery app.

Results and Discussion

A 2 (social cost) × 3 (reward strategy) ANOVA confirmed that participants' interests in using the food-delivery app did not differ across conditions (ps > .34).

Manipulation checks. Results showed that referrers who had to refer the app with a low rating score reported that the social cost of the referrals (MHigh = 4.74, SD = 1.88) was significantly higher than those who had to refer the app with a high rating score (MLow = 3.82, SD = 1.99, t (329) = -4.31, p < .001).

Referral behaviors. Similar to prior studies, because only very few participants referred the food delivery app to more than one friend (.30%), we mainly tested our hypothesis with a binary outcome (whether those participants referred the food delivery app; 1 = Yes, 0 = No).

We also conducted the analysis with a continuous outcome (the number of referrals each participant made) through a log-transformation, as a robustness check.

Logistic regressions with social cost and reward strategy as between-subjects factors revealed a significant main effect of social cost on participants' referral likelihood (χ 2 (1) = 20.43, p < .001). As expected, participants were more likely to make referrals when the social cost was relatively low (57.58%) than when it was relatively high (32.53%). The results also revealed a significant interaction between social cost and reward strategy (χ 2 (5) = 24.95, p < .001).

To decompose the interaction, we conducted separate logistic regressions with reward strategy as an independent variable under the low-social-cost versus high-social-cost conditions.

As the left panel of Figure 7 shows, under the low-social-cost condition, participants' referral likelihood did not significantly differ among the three reward strategies (MP = 58.18%, ME = 56.60%, MD = 57.89%, ps > .87); however, as the right panel of Figure 7 shows, under the highsocial-cost condition, participants' referral likelihood in the prosocial strategy (MP = 40.00%) was significantly higher than in the egoistic strategy (ME = 18.52%, χ 2 (1) = 5.80, p = .016) and as high as in the double-sided strategy (MD = 38.60%, χ 2 (1) = .02, p = .88). The participants' referral likelihood in the double-sided strategy (MD = 38.60%) was also significantly higher than in the egoistic strategy (ME = 18.52%, χ 2 (1) = 5.23, p = .022). OLS regressions generated the same result patterns on the referral number. For the full results from logistic regressions and OLS regressions, please see the Online Supplementary Material.

[Insert Figure 7 about here] These results suggest that no matter whether the social cost was low or high, participants showed altruistic tendencies in the prosocial strategy, as the referral likelihood in the prosocial strategy was as high as in the egoistic and double-sided strategies when the social cost was low, and was as high as in the double-sided strategy when the social cost was high. However, when social cost was relatively high, participants' referral likelihood in the prosocial strategy was significantly higher than the egoistic strategy, suggesting that the high social cost decreased referrers' referral willingness in the egoistic strategy. This is perhaps because referrers in the egoistic strategy are concerned about being perceived as selfish; their friends (recipients) may think the referral was made solely for pursuing the referrers' self-interest. Interestingly, although referrers were also rewarded in the double-sided strategy, their referral likelihood was higher than in the egoistic strategy and similar to the referral likelihood in the prosocial strategy, perhaps because the prosocial reward component of the double-sided strategy mitigated the referrers' concern of being perceived as selfish by their friends.

The findings of Study 5 show that although the referrers' referral likelihood generally decreases with the increase of the social cost across the different reward strategies, the referrers' altruistic tendencies in the prosocial strategy persist, no matter when the social cost is relatively low or high. The findings justify the effectiveness of the prosocial strategy in motivating referrers to make referrals when their social costs are relatively low, and notably, they demonstrate that the prosocial strategy is likely to be the optimal strategy when the social cost of strategy are inhibited by a relatively high action cost, albeit they are not inhibited with a high social cost. Our research therefore contributes to rational altruism theory [START_REF] Andreoni | Giving According to GARP: An Experimental Test of the Consistency of Preferences for Altruism[END_REF] by providing new empirical evidence that referrers' altruistic behaviors appear to be more sensitive to action cost than social cost in the context of online referral programs.

We demonstrate the incremental contribution of our research with closely-related studies in the literature from different perspectives, including the stage of the referral process evaluated, referral reward strategies evaluated, underlying motivational mechanisms and boundary conditions.

We summarize the key distinctions of our research, compared to those studies, in Table 1.

Managerial Implications

Our research offers important managerial implications for online retailers who attempt to find out the most cost-effective referral reward strategy. Based on the conventional wisdom of the "economic man", online retailers often use the double-sided strategy that rewards both referrers and recipients to maximize successful referral outcomes (product adoption), despite doubling the marketing expenditure. Our research challenges this industry practice by showing that the prosocial strategy could be the most cost-effective referral reward strategy, compared to the double-sided strategy; the prosocial strategy can be as effective as the double-sided strategy in generating successful referral outcomes, despite requiring half the marketing expenditure. Online retailers could be better off employing the prosocial strategy that rewards recipients only, instead of doubling or splitting their marketing budget to reward both referrers and recipients.

Figuring out the motivational mechanism of referrers' prosocial behaviors sheds lights on designing an appropriate campaign for the prosocial referral strategy. When online retailers design a referral campaign in practice, they often explicitly highlight the benefits that consumers can receive to motivate them to participate in online referral programs [START_REF] Jung | Words Matter! Towards Pro-social Call-to-Action for Online Referral: Evidence from Two Field Experiments[END_REF].

experience their friends' (referrers') concerns on their welfare, which in turn is more likely to motivate them to pass the concern to the other friends in their social networks.

Concluding Remark

While the academic literature and industry practice predominantly favor the double-sided reward strategy, in this study, using a set of multiple studies, we show that the prosocial strategy can be as effective as the double-sided strategy, albeit the prosocial strategy only requires half of the marketing expenditure for online retailers. The prosocial reward strategy is also superior to the egoistic strategy. We seek to inform the academic literature and industry practice about the benefits of the double-sided reward strategy to help design effective prosocial reward strategies by leveraging the altruism exhibited by consumers, irrespective of the social cost of referrals, while bearing in mind the action cost of referrals to maximize the effectiveness of referrals. Notes: 1. Although most of the studies cited in Table 1 involve all the three reward strategies (prosocial, egoistic, and double-sided), their foci are larg are likely to be generated from different comparisons of the reward strategies. Thus, in this table, we only list the core comparisons served for their stu 2. The "Crowding-Out Effect" refers to whether self-interest crowds out altruism, especially in the double-sided strategy. 

  participants' reliance on visualization before and after the visual training as a within-subjects factor. The main effects of visual training (F(1, 240) = 31.74, p < .001) and visualization reliance (F(1, 240) = 143.89, p < .001), and their interaction (F(1, 240) = 149.47, p < .001), were significant. Before-after measures of visualization show that the visual training increased participants' tendencies to spontaneously generate and rely on visualization (Mbefore = 4.79, SD = 1.61 vs. Mafter = 6.82, SD = 1.58, F(1, 240) = 293.33, p < .001), but the no training did not (Mbefore = 4.74, SD = 1.62 vs. Mafter = 4.72, SD = 1.65, F(1, 240) = .03, p = .87). A betweensubjects comparison also confirmed the efficacy of the manipulation, as those who received the visual training subsequently indicated a greater tendency to visualize the tastes of foods (Mafter = 6.82, SD = 1.58) compared to those who did not receive visual training (Mafter = 4.72, SD = 1.65, F(1, 240) = 102.18, p < .001). In addition, there were no differences between the visual training and no training conditions in participants' ratings of task difficulty (Mvisual training = 3.85, SD = 2.13 vs. Mno training = 3.87, SD = 1.96, t(240) = -.06, p = .95) or effort expended (Mvisual training = 4.26, SD = 2.15 vs. Mno training = 4.39, SD = 2.09, t(240) = -.49, p = .63).

  Welcome to the second task! Please see the packaging figure first, and then answer some simple questions by your intuition.How carbonated do you think the taste of the new sparkling water might be? 1 = not at all carbonated, 9 = very carbonated How smooth do you think the taste of the new sparkling water might be? 1 = not at tall smooth, 9 = very smooth From your first look on the packaging to when we asked you to rate the taste of the new drink, did you vividly and visually imagine the taste of the sparkling water, for example, visually imaging how many bubbles does the drink have or a scene expressing your taste experience when you drink the new sparkling water.□ Yes □ NoPlease write down the numbers in its order in the following box:WEB APPENDIX F STUDY 3B-SUPPLEMENTARY RESULTSSparkling water. The effects of visual training for shape-taste crossmodal effects under no load

  FIGURE A4 STUDY 3B: TASTE JUDGEMENTS AS A FUNCTION OF PRODUCT SHAPE AND VISUAL TRAININGUNDER VISUAL LOAD

  FIGURE A5 STUDY 3B: TASTE JUDGEMENTS AS A FUNCTION OF PRODUCT SHAPE AND VISUAL TRAININGUNDER NO LOAD

-

  To what extent will you spontaneously visualize the taste of a food when you evaluate the taste of the food? 1= not at all, 9 = very much -To what extent do you rely on visualization when you evaluate the taste of a food? 1= not at all, 9 = very much Welcome to task one! In this task, you will view a series of food pictures and we want you to evaluate the tastes of the foods. BUT before you start evaluating, please first visualize the tastes of the foods shown in the pictures. For example, before you evaluate the taste of a watermelon, please first visually imagine how juicy the watermelon is, or a scene expressing your taste experience when you eat the watermelon.

( 19 )

 19 Please view the following milk picture and fully visualize the taste of the milk. Next, please rate the taste of the milk.-How creamy do you think the taste of the milk is? 1 = not at all creamy, 9 = very creamy -How smooth do you think the taste of the milk is? 1 = not at all smooth, 9 = very smooth (20) Please view the following pasta picture and fully visualize the taste of the pasta. Next, please rate the taste of the pasta.-How creamy do you think the taste of the pasta is? 1 = not at all creamy, 9 = very creamy -How salty do you think the taste of the pasta is? 1 = not at all salty, 9 = very salty (21) Please view the following pineapple picture and fully visualize the taste of the pineapple. Next, please rate the taste of the pineapple.-How sweet do you think the taste of the pineapple is? 1 = not at all sweet, 9 = very sweet -How sour do you think the taste of the pineapple is? 1 = not at all sour, 9 = very sour (22) Please view the following pizza picture and fully visualize the taste of the pizza. Next, please rate the taste of the pizza.-How salty do you think the taste of the pizza is? 1 = not at all salty, 9 = very salty -How spicy do you think the taste of the pizza is? 1 = not at all spicy, 9 = very spicy (23) Please view the following salmon picture and fully visualize the taste of the salmon. Next, please rate the taste of the salmon.-How sweet do you think the taste of the salmon is? 1 = not at all sweet, 9 = very sweet -How smooth do you think the taste of the salmon is? 1 = not at all smooth, 9 = very smooth (24) Please view the following sandwich picture and fully visualize the taste of the sandwich. Next, please rate the taste of the sandwich.-How salty do you think the taste of the sandwich is? 1 = not at all salty, 9 = very salty -How sour do you think the taste of the sandwich is? 1 = not at all sour, 9 = very sour (25) Please view the following picture of sparkling water and fully visualize the taste of the sparkling water. Next, please rate the taste of the sparkling water.

  making processes. First, increases in portion size lead to increases in caloric intake[START_REF] Rolls | The Effect of Large Portion Sizes on Energy Intake Is Sustained for 11 Days[END_REF][START_REF] Zlatevska | Sizing up the Effect of Portion Size on Consumption: A Meta-Analytic Review[END_REF], and interventions that reduce portion size choices reduce caloric intake[START_REF] Freedman | Reducing Portion Size Reduces Food Intake and Plate Waste[END_REF][START_REF] Schwartz | Inviting Consumers to Downsize Fast-Food Portions Significantly Reduces Calorie Consumption[END_REF]. Second, the availability and consumption of fast food has been linked to increases in caloric intake and obesity across cultures[START_REF] Fraser | Fast Food and Obesity: A Spatial Analysis in a Large United Kingdom Population of Children Aged 13-15[END_REF][START_REF] Wang | A Review of the Growth of the Fast Food Industry in China and Its Potential Impact on Obesity[END_REF], and the recent proliferation of online fast-food-delivery services reduces consumers' search and transaction costs, making them highly appealing. Finally, although many interventions aimed at improving dietary decisionmaking have focused on informational and educational campaigns, they seem to have made little dent in the rising Body Mass Index (BMI) and obesity rates[START_REF] Gill | Public Health Messages: Why Are They Ineffective and What Can Be Done?[END_REF], and behavioral interventions appear to be more effective than affective and cognitive interventions for promoting healthy eating[START_REF] Cadario | Which Healthy Eating Nudges Work Best? A Meta-Analysis of Field Experiments[END_REF]. Thus, we focused on the use of behavioral interventions.The particular behavioral intervention that we developed is based on conceptual metaphor theory[START_REF] Gibbs | The Cambridge Handbook of Metaphor and Thought[END_REF][START_REF] Lakoff | Metaphors We Live By[END_REF][START_REF] Landau | Conceptual Metaphors Shape Consumer Psychology[END_REF], in which activation of a metaphoric (source) concept influences processing of a superficially dissimilar (target) concept. Building on research on sensory marketing[START_REF] Krishna | An Integrative Review of Sensory Marketing: Engaging the Senses to Affect Perception, Judgment and Behavior[END_REF], food consumption[START_REF] Cadario | Which Healthy Eating Nudges Work Best? A Meta-Analysis of Field Experiments[END_REF], and conceptual metaphor[START_REF] Landau | Conceptual Metaphors Shape Consumer Psychology[END_REF], we
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  ) = -3.47, p = .001, Cohen's d = .67), partial-to-partial (M = 4.12, SD = 1.20, t(311) = -2.45, p = .015, Cohen's d = .49), whole-towhole (M = 4.21, SD = 1.43, t(311) = -2.84, p = .005, Cohen's d = .52), partial (M = 4.18, SD = 1.03, t(311) = -2.69, p = .008, Cohen's d = .58), and whole (M = 4.17, SD = 1.30, t(311) = -2.69, p = .008, Cohen's d = .51). Portion size choices did not differ between the latter five sequences (ps > .32).
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 4 Planned contrasts showed that children chose smaller portion sizes of the chocolate bar in the partial-to-whole sequence (M = 3.10, SD = 2.74) than in the sequences of whole-to-partial (M = 4.67, SD = 2.95, t(247) = -2.38, p = .018, Cohen's d = .55), partial-to-partial (M = 4.81, SD = 3.18, t(247) = -2.67, p = .008, Cohen's d = .58), whole-to-whole (M = 4.80, SD = 2.80, t(247) = -2.70, p = .007, Cohen's d = .61), partial (M = 4.68, SD = , t(247) = -2.48, p = .014, Cohen's d = .61), and whole (M = 4.98, SD = 3.34, t(247) = -2.89, p = .004, Cohen's d = .62), again indicating that exposure to food images in the partial-to-whole sequence reduces portion size choices. There were no differences in participants' portion size choices between the latter five sequences (ps > .64).

FIGURE 5 PERCEPTIONS

 5 FIGURE 5

  left panel of Figure6. Replicating the findings from the previous experiments, participants who viewed food images in partial-to-whole sequence chose a smaller portion size on average (M = 4.06, SD = 1.68) compared to those who viewed the smaller partial-tolarger partial (M = 4.82, SD = 1.58, t(260) = -2.49, p = .013, Cohen's d = .47), whole-to-partial (M = 4.94, SD = 1.63, t(260) = -2.93, p = .004, Cohen's d = .53), partial-to-partial (M = 4.85, SD = 1.46, t(260) = -2.62, p = .009, Cohen's d = .50), and whole-to-whole (M = 4.90, SD = 1.54, t(260) = -2.77, p = .006, Cohen's d = .52) sequences. Portion size choice did not differ among the latter four sequences (ps > .70). These results replicate the findings of Experiments 1A and 1B, and also rule out alternative explanations that the effect is driven by mindful eating (successive exposure to smaller and larger foods highlights a size contrast and increases the salience of portion size) or resource abundance (successive exposure to less-then-more food leads to a sense of resource abundance), because the smaller partial-to-larger partial sequence did not differ from the other sequences.
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Figure 6 .

 6 Figure 6. Consistent with the findings on portion sizes, participants in the partial-to-whole

  FIGURE 7

  For example, according to an article in USA Today, McDonald's is providing cheeseburgers in their Happy Meals only upon request, reducing the sugar content of their juice box, and reducing the portion size of fries that come with Chicken McNuggets orders (Meyer 2018, February 15). Thus, it is not far-fetched to think that marketers may consider implementing behavioral interventions in their repertoire for ways to promote healthier eating.

  Partial-to-whole vs. whole-to-partial Partial-to-whole vs. partial-to-partial Partial-to-whole vs. whole-to-whole Partial-to-whole vs. partial Partial-to-whole vs. whole -What is your gender? Male/Female -How old are you? Please write it down in the box.-When did you have your last meal/snack? (how many hours ago?) -If you are going to order the pizza shown in the ad images, how much of the pizza would you like to order? 1 = a very small portion, 7 = a very large portion -How hungry are you at present? 1 = very full, 7 = very hungry -How beautiful is the pizza ad? 1 = not at all beautiful, 7 = very beautiful -How attractive is the pizza ad? 1 = not at all attractive, 7 = very attractive -How disgusting is the pizza shown in the ad? 1 = not at all disgusting, 7 = very disgusting Presenting the pizza images according to the specific sequences.

  Figure 1 Conceptual Framework

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  is still in the very early stages; we don't even have a name for it yet, just a rough logo.But what we are interested in is what you think of the taste. Would you taste the water and then just answer a few questions about it? When you taste the drink, please keep it in your mouth for 5 seconds to sufficiently experience it.The bottles with different logos 1. How carbonated do you think the taste of the drink is? Please rate on the following scale to a point that you think best reflects your taste experience.

	Not at all smooth		Very smooth
	3. How beautiful is the LOGO?	
	not at all beautiful		very beautiful
	4. How attractive is the LOGO?	
	not at all attractive		very attractive
	5. How much do you like the LOGO?	
	not at all		very much
	What is your gender?	□ Female	□ Male
	How old are you?	_____________________
	Do you have any physical problem with your taste perception?

Not at all carbonated Very carbonated 2. How smooth do you think the taste of the drink is? Please rate on the following scale to a point that you think best reflects your taste experience.

  In this task, you will see a series of calculation problems and we want you to evaluate the difficulty of the questions. Note that we do NOT need you to give answers for the calculation problems, but we hope you try to calculate them a bit and give an objective evaluation for the difficulty of each question.

	23) (73+65)÷(210-164)
	24) (1024+4370)÷(24+38)
	25) 95÷(64-45)
	26) 347+45×2-4160÷52
	27) (58+37)÷(64-9×5)
	28) 120-36×4÷18+35
	29) 0.25×13×4
	30) 32×0
	1= not at all, 9 = very much
	-To what extent will you spontaneously visualize the taste of a food when you evaluate the taste
	of the food? 1= not at all, 9 = very much
	-To what extent do you rely on visualization when you evaluate the taste of a food? 1= not at all,
	9 = very much
	Welcome to task one!
	Please evaluate the difficulty of the following calculation problem:
	1) 10+645+90
	2) 10×6×9
	3) 10×8+572
	4) 888÷4-2
	5) 34÷17÷1
	6) 105×8÷4
	7) 18-2.7-9.3
	8) 7.5-0.26-1.74+2.5
	9) 23.5-2.8-7.2
	10) 58.65-(3.2+8.65)
	11) 0.134+2.66+0.866
	12) 7.5+4.9-6.5
	13) 3.07-0.38-1.62
	14) 1.29+3.7+2.71+6.3
	15) 8-2.45-1.55
	16) 14-7.32-2.68
	17) 2.64+8.67+7.36+11.33
	18) 20-8×2÷4
	19) 420×(13+57)×90
	20) 66×38-987÷21
	21) 196÷4+56×12
	22) 16×50-36÷4

Table 1 Primary Distinctions of Our Research Compared to Key Studies in the Literature

 1 

	Study	Stage of Referral Process Evaluated	Comparisons of the Reward Strategies	Motivational Mechanisms	Boundary Conditions	Data Source	
		Referral Stage	Adoption Stage	Prosocial vs. Egoistic	Prosocial vs. Double-Sided	Reputational Benefit	Altruism	Crowd-Out Effect	Action Cost	Social Cost	Field Data	Lab/Online Data	
													Using p
							Yes	No	No	No	Yes	Yes	generates
													egoistic a
	This Study	Yes	Yes	Yes	Yes	No	Yes	Yes	Yes	Yes	Yes	Yes	The pros strategy but only

Table 2 Overview of Studies

 2 

	Study	Data Source	Participants	Scenarios	Reward	O
	Study 1	Field experiment	French	Online real-estate mortgage service	Amazon gift card	To test the relative effectiveness of the stages.
	Study 2	Online behavioral experiment (MTurk)	American	Mobile app dictionary	Amazon gift card	To test the motivational mechanism of over altruism.
	Study 3	Online behavioral experiment (Prolific)	British	Photo-editing app	Amazon gift card	To test the alterative motivational mec crowd-out effect of self-interest over al
	Study 4	Online behavioral experiment (Prolific)	British	Food delivery app	McDonald's voucher	To test the moderating effect of action relative effectiveness of the prosocial s
	Study 5	Online behavioral experiment (Prolific)	British	Food delivery app	McDonald's voucher	To test the moderating effect of socia relative effectiveness of the prosocial s

Table 3 Study 1: Summary Statistics of Number of Referrals

 3 

	Reward Strategy	Mean	SD	Min.	Median	Max.
	No-reward ("control")	.0169	.3382	0	0	14
	Prosocial	.0276	.3109	0	0	10
	Egoistic	.0272	.3525	0	0	13
	Double-sided	.0296	.4240	0	0	19
			Table 4			
	Study 1: Number of Referrals and Adoptions	
	Reward Strategy		# of Referrals (N)	# of Adoptions	
			51		1	
	Prosocial		83		17	
	Egoistic		82		3	
	Double-sided		89		19	

Double- sided strategy -Refer real-estate financial service without RIBA to your loved ones and win 80 € each!

  -Both you and your loved ones will receive 80 € Amazon gift card if your loved ones fill out a dossier, within the limit of 10 referrals, potentially 800 € Amazon gift card for you and 800 € Amazon gift card for your loves!

-Real-estate financial service without RIBA is finally in France.

  Note: Given that the main customers of this online mortgage company are Muslims in France, RIBA means unjust, exploitative gains made in trade or business under Islamic law.

	-Ask for your personal financial
	service, and both you and your sponsor
	each will receive 80 € Amazon gift
	card!
	-Realize your real-estate project and as
	a bonus, win 80 € each!

*

Although this distinction is not critical for our research,[START_REF] Landau | A Metaphor-Enriched Social Cognition[END_REF] 

2018) note that unlike simple associations and spreading activation, metaphor transfer effects involve the transfer of an organized system of knowledge from the activated metaphor to the target concept.

Our objective for the experiment was to simply to test for conceptual metaphor effects with children. The age range we obtained was strictly a function of our sampling method of testing all students at the school who were allowed to participate.

In this paper, we do not seek to theoretically or empirically examine the motivational mechanisms through which the prosocial reward component drives recipients' adoption behaviors, because the motivational mechanism is quite straightforward; the prosocial reward component satisfies the recipients' self-interests[START_REF] Gershon | Why Prosocial Referral Incentives Work: The Interplay of Reputational Benefits and Action Costs[END_REF]).

Yet, in[START_REF] Ryu | A Penny for Your Thoughts: Referral Reward Programs and Referral Likelihood[END_REF] Study 4, they exclude the prosocial strategy in their experimental design by explaining that the prosocial strategy is much less common in practice. This suggests that[START_REF] Ryu | A Penny for Your Thoughts: Referral Reward Programs and Referral Likelihood[END_REF] did not focus on the relative effectiveness of the prosocial strategy.
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WEB APPENDIX A STUDY 1A-INSTRUCTION AND STIMULI

Survey 1-3: Sparkling Water-Angular/Rounded/No Logo A beverage company is launching a new sparkling water and the company needs to design the packaging for this product. We would like you to help this company to evaluate the packaging. Please first see the following packaging figure and then answer the questions that follow.

What do you think the taste of the new drink might be? 1 = not at all carbonated, 9 = very carbonated 1 = not at all smooth, 9 = very smooth How beautiful is the LOGO? (except for the no logo condition) 1 = not at all beautiful, 9 = very beautiful How attractive is the LOGO? 1 = not at all attractive, 9 = very attractive How much do you like the LOGO? 1 = not at all, 9 = very much Please drag the slider along the scale to a point that you think best matches your experience when drinking sparkling water.

___________________________________________________________

Please drag the slider along the scale to a point that you think best matches your experience when drinking still water.

___________________________________________________________

What is your gender? □ Female □ Male How old are you? _____________________ Survey 4-6: Still Water-Angular/Rounded/No Logo A beverage company is launching a new mineral water and the company needs to design the packaging for this product. We would like you to help this company to evaluate the packaging. Please first see the following packaging figure and then answer the questions that follow.

What do you think the taste of the new drink might be? 1 = not at all smooth, 9 = very smooth 1 = not at all carbonated, 9 = very carbonated How beautiful is the LOGO? (except for the no logo condition) 1 = not at all beautiful, 9 = very beautiful How attractive is the LOGO? 1 = not at all attractive, 9 = very attractive How much do you like the LOGO? 1 = not at all, 9 = very much Please drag the slider along the scale to a point that you think best matches your experience when drinking sparking water.

___________________________________________________________ Please drag the slider along the scale to a point that you think best matches your experience when drinking still water.

___________________________________________________________

What is your gender? □ Female □ Male How old are you? _____________________

WEB APPENDIX C STUDY 1C-INSTRUCTION AND STIMULI

In this study, we just want you to know your initial reactions to a chocolate bar.

Please carefully view the picture below of a chocolate bar and then answer a few questions about it.

How sweet do you think the chocolate bar might be? 1 = not at all sweet, 9 = very sweet How bitter do you think the chocolate bar might be? 1 = not at tall bitter, 9 = very bitter How beautiful is the shape of the chocolate bar? 1 = not at all beautiful, 9 = very beautiful How attractive is the shape of the chocolate bar? 1 = not at all attractive, 9 = very attractive How much do you like the shape of the chocolate bar? 1 = not at all, 9 = very much

In this very short study, we want to get your first impressions about sensory associations.

Please drag the slider along the following shape scale to a point that you think best matches a sweet taste. ___________________________________________________________ Please drag the slider along the following shape scale to a point that you think best matches a bitter taste.

Please drag the slider along the following scale to a point that you think best matches a bitter taste.

Angular shape _____________________________________________________ Rounded shape

What is your gender? □ Female □ Male How old are you? _____________________

WEB APPENDIX D STUDY 2-INSTRUCTION AND STIMULI

Thank you so much for participating in our survey! In this study, we just want you to know your initial reactions to a chocolate bar. Please carefully view the picture below of a chocolate bar and then answer a few questions about it.

How sweet do you think the chocolate bar might be? 1 = not at all sweet, 9 = very sweet How bitter do you think the chocolate bar might be? 1 = not at tall bitter, 9 = very bitter How beautiful is the shape of the chocolate bar? 1 = not at all beautiful, 9 = very beautiful How attractive is the shape of the chocolate bar? 1 = not at all attractive, 9 = very attractive How much do you like the shape of the chocolate bar? 1 = not at all, 9 = very much

In this very short study, we want to get your first impressions about sensory associations.

Please drag the slider along the following shape scale to a point that you think best matches a sweet taste.

How carbonated do you think the taste of the new sparkling water might be? 1 = not at all carbonated, 9 = very carbonated How smooth do you think the taste of the new sparkling water might be? 1 = not at tall smooth, 9 = very smooth

From your first look on the packaging to when we asked you to rate the taste of the new drink, did you vividly and visually imagine the taste of the sparkling water, for example, visually imagining how many bubbles does the drink have or a scene expressing your taste experience when you drink the new sparkling water.

□ Yes □ No

Please indicate which cells have the symbol "X" in the following matrix (each point represents a cell):

How difficult do you think this visual memory task is? 1 = not at all difficult, 9 = very difficult How much effort did you put into this visual memory task? 1 = no effort, 9 = very much effort 

ABSTRACT

Obesity rates are increasing worldwide, and one avenue toward reducing caloric intake is interventions that reduce portion size choice. In this research, the authors develop a behavioral intervention aimed at reducing portion size choices based on conceptual metaphor theory. In six experiments, the authors show that the simple sequential presentation of two food images that move from partial to whole (e.g., a pizza with one vs. no missing pieces) reduces portion size choice compared to all other possible sequences. This effect occurs because the partial-to-whole sequence activates the metaphorical concept of fullness, which transfers to judgments of appetitive fullness (metaphor transfer effect). The effects occur even when the sequential images are unrelated to food, is robust across languages, age groups, food type, and hypothetical and actual food choice contexts. The effect of image sequence on portion size choice is mediated by reduced perceptions of hunger and is attenuated when visualization abilities are inhibited. The intervention is conducive to implementation in online food-ordering contexts and applicable for both commercial and non-commercial situations (e.g., diet apps, school cafeteria apps).

Keywords: conceptual metaphor, portion size choice, obesity, online food ordering, behavioral interventions

Supplementary analysis: Moderation by age. Although we did not hypothesize that conceptual metaphor effects would differ as a function of age, 2 there is reason to think that they might. To apply conceptual metaphors, they must be sufficiently accessible from memory [START_REF] Landau | A Metaphor-Enriched Social Cognition[END_REF]. Given that conceptual metaphors, like language more generally, are learned over time, it is reasonable to think that conceptual metaphor effects might be stronger for older children than for younger children. However, a fair test of this hypothesis is problematic because even though we have an age range of 6-14 years, the bulk of participants (94.1%, n = 238) were between 7 and 12 years old, and 44.7% were ages 11-12 years, which may not be a sufficiently broad range to detect effects. In addition, it is difficult to predict at what age conceptual metaphors are sufficiently accessible that they may be applied to judgments. Nevertheless, we can predict that the effects should not get weaker with age.

To test whether age moderated the effects of the partial-to-whole sequence on portion size choice, we conducted a moderation analysis using Hayes' (2018) PROCESS Model 1, with presentation sequence (partial-to-whole; treatment, coded as 1) vs. whole-to-partial (control, coded as 0) as the independent variable, portion size choice as the dependent variable, and age as the moderator. The interaction by age was not significant (B = -.35, SE = .33, t = -1.06, p = .29).

However, the pattern of results is consistent with developmental expectations. The effect of the partial-to-whole sequence appears to get stronger after about age 10. For the sake of simplicity, here we only contrasted effects for the partial-to-whole sequence with the whole-to-partial sequence, but the effects do not substantively change if the other four sequences are contrasted (for full details, including scatterplots, see Web Appendix C).

Method

Participants, design, and procedure. Two hundred and eight French college students (93 Mage = 22.66 years) participated in the experiment in exchange for an opportunity to participate in a lottery to win 30€. Participants were randomly assigned to conditions in a onefactor between-subjects design with four levels (presentation sequence: partial-to-whole, wholeto-partial, partial-to-partial, whole-to-whole), completed the study in groups of 6-12 in a lab equipped with computers, and the study was programmed in Qualtrics.

In a study ostensibly about understanding people's memory, participants were told they would be completing two unrelated tasks. In the first task, participants viewed a sequence of images depicting six different objects (e.g., moon, water in a glass, grid images, etc.; Web Appendix D) according to the four sequences, and we asked them to memorize the images they saw. Under each sequence condition, six groups of object images were successively presented (the sequence of objects was randomized). All the images were automatically presented and lasted for five seconds. In addition, to separate the different image sequences, one to three images of segment lines were randomly presented between each image sequence group so that the sequences were clearly delineated.

In the second task, participants responded to a series of questions, some of which are applicable to the fullness metaphor and some of which are not applicable. Specifically, we asked participants to indicate how hungry they are, how full they are, how busy their life is, how full their life is, how sufficient their knowledge is, and how full their head is, in that order. The ordering of the questions was purposeful. In each domain, we first asked participants to rate an -2.73, p = .007, Cohen's d = .52), and whole-to-whole (M = 4.36, SD 2.09, t(204) = -2.40, p = .017, Cohen's d = .49), but the latter three sequences did not differ (ps > .76). Similarly, they indicated they were more full (M = 3.91, SD = 1.83) in the partial-to-whole sequence, compared to those in the whole-to-partial (M = 3.17, SD = 1.92, t(204) = 1.99, p = .048, Cohen's d = .39), partial-to-partial (M = 2.94, SD = 1.90, t(204) = 2.60, p = .01, Cohen's d = .52), and whole-towhole (M = 3.16, SD = 1.95, t(204) = 1.99, p = .048, Cohen's d = .40) sequences, and again the latter three sequences did not differ (ps > .54).

The same pattern of effects was observed for the fullness of life. Participants in the partial-to-whole sequence felt their lives were fuller (M = 5.32, SD = 1.24), compared to those in the sequences of whole-to-partial (M = 4.66, SD = 1.47, t(204) = 2.51, p = .013, Cohen's d = .49), partial-to-partial (M = 4.71, SD = 1.45, t(204) = 2.30, p = .022, Cohen's d = .45), and whole-to-whole (M = 4.64, SD = 1.26, t(204) = 2.55, p = .012, Cohen's d = .54), and the latter three sequences did not differ (ps > .79). In contrast, as predicted, there were no differences across the sequences for busyness of life (ps > .36), sufficiency of knowledge (ps > .60) and fullness of head (ps > .30).

The results of Experiment 2 conceptually replicate the findings from the previous three experiments, which showed that the partial-to-whole sequence reduces portion size choice relative to all other sequences. In this experiment, we demonstrated that the partial-to-whole sequence led to the metaphoric transfer effect of fullness, decreasing perceptions of hunger and increasing perceptions of fullness. Unlike the previous experiments, we showed that the partialto-whole sequence effects are observed when the image sequences are non-food images, and that the partial-to-whole sequence influences judgments to which a fullness metaphor is applicable (fullness of life), but not to which the metaphor is not applicable (fullness of head). Welcome to our survey. In the survey, please first read a consumption scenario and then answer a couple of questions by your intuition.

Web Appendix A

-How hungry are you at present? 1 = not at all hungry, 7 = very hungry Suppose are placing a takeout order with a food-delivery app and viewing pizza ad images online, please carefully view the pizza image below (as long as you desire), and then click the Continue button to view the next image.

Please carefully view the pizza image below (as long as you desire), and then click the Continue button to answer a couple of simple questions.

-If you are going to order the pizza shown in the ad images, how much of the pizza would you like to order? 1 = a very small portion, 7 = a very large portion -How beautiful is the pizza ad? 1 = not at all beautiful, 7 = very beautiful -How attractive is the pizza ad? 1 = not at all attractive, 7 = very attractive -How disgusting is the pizza shown in the ad? 1 = not at all disgusting, 7 = very disgusting

Presenting the pizza images according to the specific sequences.

-What is your gender? Male/Female, -What is your age? Please write it down in the box.

Supplementary results: Experiment 1A Hunger Level Across Sequences:

A one-way ANOVA showed that participants' hunger levels did not differ across the conditions prior to the experimental treatment Mpartial = 3.45,Mwhole = 3.46,ps > .36).

Aesthetic Ratings on Partial and Whole Pizza Images:

First, we calculate the Cronbach Alpha for the three aesthetic items by pooling participants' ratings on both partial and whole pizza images together.

Because in the partial-to-whole and whole-to-partial sequences we asked participants to rate on both the partial and whole pizza images, we compared the aesthetic ratings between the partial and whole pizza images with a paired-samples t-test. Results showed that there was no difference between them (Mpartial = 4.40, SD = 1.38, Mwhole = 4.50, SD = 1.41, t(106) = -1.08, p = .28).

In addition, because in the partial-to-partial, whole-to-whole, partial, and whole sequences, we only asked participants to rate on the image they were exposed, that is, either the partial one or the whole one, we compared the aesthetic ratings between these two images with an independent-samples t-test. Results showed that there was no difference between them (Mpartial = 4.39, SD = 1.29, Mwhole = 4.59, SD = 1.22, t(208) = -1.20, p = .23).

Web Appendix Experiment 1: Replication

The purpose of this experiment is to replicate the findings of Experiment 1A, but with a different dependent variable and a different participant pool.

Method

Participants, Design, and Procedure. Two hundred and four US-based participants (125 women; Mage = 35.42 years) who were recruited from the MTurk online panel in return for a nominal fee, were randomly assigned to conditions in a one-factor between-subjects design with four levels (presentation sequence: partial-to-whole, whole-to-partial, partial-to-partial, whole-towhole).

We asked participants to read a consumption scenario and then answer a few questions. We first asked participants to report their hunger level (1 = not at all hungry, 7 = very hungry). Next, same as Experiment 1A, we asked participants to imagine that they were placing a takeout order for pizza online with a food-delivery app, and showed them pizza images according to different presentation sequences. Participants could view the images as long as they desired. After viewing the pizza images, participants rated how much of the pizza they would like to order along a 4-point scale (1 = small, 2 = medium, 3 = large, and 4 = extra-large).

Web Appendix C (Experiment 1B)

Instructions of Teachers: I would like to provide some chocolate to you (the students) as a reward for your good performance in the class and you can have as much as you want. Please look at the chocolate images on the computer screen and then choose how much of the chocolate you would like to have and answer a couple of relevant questions.

-How hungry are you at present? 1 = not at all hungry, 7 = very hungry Please carefully view the chocolate image below (as long as you desire), and then click the Continue button to view the next image.

Please carefully view the chocolate image below (as long as you desire), and then click the Continue button to answer a couple of simple questions.

-How much of the chocolate would you like to have? Please choose from nine options of portion sizes shown below.

Supplementary results: Experiment 1B Hunger Level Across Sequences:

A one-way ANOVA showed that participants' hunger levels did not differ across the conditions prior to the experimental treatment Mpartial = 3.46,Mwhole = 3.85,ps > .35).

Aesthetic Ratings on Partial and Whole Chocolate Bar Images:

First, we calculate the Cronbach Alpha for the three aesthetic items by pooling participants' ratings on both partial and whole chocolate bar images together.

Because in the partial-to-whole and whole-to-partial sequences we asked participants to rate on both the partial and whole chocolate bar images, we compared the aesthetic ratings between the partial and whole images with a paired-samples t-test. Results showed that there was no difference between them (Mpartial = 5.09, SD = 1.47, Mwhole = 5.22, SD = 1.56, t(78) = -.82, p = .42).

In addition, because in the partial-to-partial, whole-to-whole, partial, and whole sequences, we only asked participants to rate on the image they were exposed, that is, either the partial one or the whole one, we compared the aesthetic ratings between these two images with an independent-samples t-test. Results showed that there was no difference between them (Mpartial = 5.24, SD = 1.31, Mwhole = 5.39, SD = 1.29, t(172) = -.78, p = .44).

Moderation Analyses:

We conducted a moderation analysis using Hayes' (2013) PROCESS Model 1, with presentation sequence (partial-to-whole (treatment; coded as 1) vs. partial-to-partial (control; coded as 0)) as independent variable, portion size as dependent variable, and age as moderator. The interaction between presentation sequence and age (B = -.17, SE = .28, t = -.61, p = .54) was not significant, suggesting that we did not find age significantly moderated the metaphoric transfer effect of fullness. It should be noted that we used robust standard errors. The same as follows.

We conducted a moderation analysis using Hayes' (2013) PROCESS Model 1, with presentation sequence (partial-to-whole (treatment; coded as 1) vs. whole-to-whole (control; coded as 0)) as independent variable, portion size as dependent variable, and age as moderator. The interaction between presentation sequence and age (B = -.36, SE = .28, t = -1.29, p = .20) was not significant, suggesting that we did not find age significantly moderated the metaphoric transfer effect of fullness.

We conducted a moderation analysis using Hayes' (2013) PROCESS Model 1, with presentation sequence (partial-to-whole (treatment; coded as 1) vs. partial (control; coded as 0)) as independent variable, portion size as dependent variable, and age as moderator. The interaction between presentation sequence and age (B = -.26, SE = .26, t = -.97, p = .34) was not

Web Appendix D (Experiment 2)

Welcome to our survey. This survey consists of two unrelated tasks. The first one is a memory task. In the task, we will show you a series of images and ask you to carefully review and remember the images. At the end of the survey, we will test your memory of those images. The second task is a short questionnaire for understanding your life status. In this task, you just need to answer a few simple questions.

If you are ready, please enter the formal task.

Welcome to task one!

In this task, a series of images will be automatically and continuously presented. You have five seconds to carefully review and remember each image. Please stay focused when you are in the task. At the end of this survey, we will test your memory of the images. But please do NOT take notes on paper in order to memorize the images.

If you are ready, please enter the formal task.

Please carefully review and remember the following images:

Presenting the object images according to the specific sequences.

Welcome to task two!

Please answer the following questions:

-How hungry are you at present? 1 = not at all hungry, 7 = very hungry -How full are you at present? 1 = not at all full, 7 = very full -How busy is your life? 1 = not at all busy, 7 = very busy -How full is your life? 1 = not at all full, 7 = very full -How sufficient is your knowledge? 1 = not at all sufficient, 7 = very sufficient -How full is your mind? 1 = not at all full, 7 = very full Finally, we will test your memory of those images learned in Task 1. Please recognize whether you have seen the following images (Yes or No).

Supplementary results: Experiment 2 Last Meal (Hours) Across Sequences:

A one-way ANOVA showed that participants' time of last meal or snack did not differ across conditions (Mpartial-to-whole = 4.10, Mwhole-to-partial = 4.12, Mpartial-to-partial = 3.48, Mwhole-to-whole = 4.08, ps > .42).

Web Appendix E (Experiment 3)

Welcome to our survey. In the survey, please first read a consumption scenario and then answer a couple of questions by your intuition.

Suppose you are placing a takeout order with a food-delivery app and viewing pizza ad images online, please carefully view the pizza image below (as long as you desire), and then click the Continue button to view the next image.

Please carefully view the pizza image below (as long as you desire), and then click the Continue button to answer a couple of simple questions.

Supplementary results: Experiment 3 Aesthetic Ratings on Partial and Whole Pizza Images:

First, we calculate the Cronbach Alpha for the three aesthetic items by pooling participants' ratings on smaller partial, (larger) partial, and whole pizza images together.

Because in the smaller partial-to-larger partial sequence we asked participants to rate on both the smaller-partial and larger-partial pizza images, we compared the aesthetic ratings between the two images with a paired-samples t-test. Results showed that there was no difference between them (Msmaller-partial = 4.37, SD = 1.39, Mlarger-partial = 4.42, SD = 1.39, t(50) = -.71, p = .48).

Because in the partial-to-whole and whole-to-partial sequences we asked participants to rate on both the partial and whole images, we compared the aesthetic ratings between the partial and whole images with a paired-samples t-test. Results showed that there was no difference between them (Mpartial = 4.35, SD = 1.43, Mwhole = 4.38, SD = 1.44, t(107) = -.77, p = .44).

In addition, we used the ratings on smaller-partial pizza image in the smaller partiallarger partial sequence and the ratings on either partial image or whole image in the partial-topartial or whole-to-whole sequence to compare the aesthetic ratings between the three images with a one-way ANOVA. Results showed that there was no difference between them (Msmallerpartial = 4.37, SD = 1.39, Mlarger partial = 4.48, SD = 1.25, Mwhole, = 4.26, SD = 1.42, F(2, 154) = .35, p = .71).

Last Meal (Hours) Across Sequences:

A one-way ANOVA showed that participants' time of last meal or snack did not differ across conditions (Mpartial-to-whole = 3.73, Msmaller partial-to-larger partial = 3.10, Mwhole-to-partial = 3.83, Mpartial-to-partial = 3.70, Mwhole-to-whole = 3.45, ps > .42).

Supplementary Mediation Analyses:

Mediation analysis with presentation sequence (1 = partial-to-whole sequence vs. 0 = smaller partial-larger partial sequence) as the independent variable, portion size choice as the dependent variable, and hunger level as the mediating variable. Bootstrapping with 5,000 resamples confirms that the indirect effect of presentation sequence on portion sizes via hunger level is negative and significant (B = -.51, SE = .22, bootstrap CI: -.9810 to -.1021).

Mediation analysis with presentation sequence (1 = partial-to-whole sequence vs. 0 = whole-to-partial sequence) as the independent variable, portion size choice as the dependent variable, and hunger level as the mediating variable. Bootstrapping with 5,000 resamples confirms that the indirect effect of presentation sequence on portion sizes via hunger level is negative and significant (B = -.55, SE = .20, bootstrap CI: -.8809 to -.2258).

Web Appendix F (Experiment 4)

Visual Load Condition

Welcome to our experiment. In the experiment, you will complete two tasks.

In the first task, we will show you a 5 ´ 5 grid image with a symbol "X" in some of the cells. Please visualize this picture in your mind and remember the positions of the cells that have the symbol "X" in the table. And please try to keep this image in your mind continually until you complete the second task, because we will ask you to recreate the grid image at the end. In the second task, we will show you a consumption scenario, please carefully read the scenario and related materials and then answer a couple of questions with your intuition. But at the same time, please do not forget to keep the image you memorized in the first task in your mind. At the end of this experiment, we will ask you to recreate the table and point out which cells have a symbol "X."

Welcome to the first task!

Please see the following 5 ´ 5 grid image and try to visualize it in your mind and remember the positions of the cells that have the symbol "X" in the table. Please do NOT take notes on paper in order to memorize this table. When you feel that you have remembered this picture, please enter in the next task. Meanwhile, please try to keep this image in your mind continually until you complete the second task, because we will ask you to recreate the grid image at the end. -How hungry are you at present? 1 = not at all hungry, 7 = very hungry Suppose you are placing a takeout order with a food-delivery app and viewing pizza ad images online, please carefully view the pizza image below (as long as you desire), and then click the Continue button to view the next image.

Please carefully view the pizza image below (as long as you desire), and then click the Continue button to answer a couple of simple questions.

Presenting the pizza images according to the specific sequences.

- a prosocial strategy which rewards recipients only (but not referrers). In this paper, we present five behavioral experiments (including a large-scale randomized field experiment) in a variety of settings. We demonstrate the effectiveness of the prosocial strategy in motivating, not only referrers to make referrals, but also recipients to adopt the referred products. We show that the prosocial strategy can be as effective as the double-sided strategy, which rewards both referrers and recipients, albeit the prosocial strategy only requires half of the marketing expenditure for online retailers. We further find that referrers' prosocial tendencies in the prosocial strategy are driven by altruism, while offering extrinsic rewards crowds out referrers' altruistic motives.

Interestingly, we also find that referrers' altruistic tendencies in the prosocial strategy are inhibited with an increased action cost of referral behaviors, but not with an increased social cost of referral behaviors, thereby showing the asymmetrical moderating roles of action cost and social cost. We conclude the paper by offering managerial implications for designing effective prosocial reward strategies.

Keywords: online referrals, prosocial reward referrals, prosocial behaviors, altruism, action cost, social cost (e.g., [START_REF] Biyalogorsky | Customer Referral Management: Optimal Reward Programs[END_REF]Garnefel et al. 2013;[START_REF] Hong | On the Role of Fairness and Social Distance in Designing Effective Social Referral Systems[END_REF][START_REF] Jin | When Giving Money Does Not Work: The Differential Effects of Monetary Versus In-Kind Rewards in Referral Reward Programs[END_REF][START_REF] Jung | Words Matter! Towards Pro-social Call-to-Action for Online Referral: Evidence from Two Field Experiments[END_REF][START_REF] Kornish | Optimal Referral Bonuses with Asymmetric Information: Firmoffered and Interpersonal Incentives[END_REF]Kumar, Petersen, and Leon 2010;[START_REF] Lobel | Customer Referral Incentives and Social Media[END_REF][START_REF] Verlegh | Receiver Responses to Rewarded Referrals: The Motive Inferences Framework[END_REF]), but both academic research and industry practice have largely overlooked the potential of the prosocial strategy for online retailers.

The egoistic and double-sided strategies are both based on the conventional notion of "economic man", assuming that consumer behaviors are mainly driven by self-interest, such that referrers (recipients) are more likely to make (adopt) a referral, only if they are incentivized by the rewards. Only recently, the potential of the prosocial strategy has received some attention. [START_REF] Bapna | Analyzing the Impact of Incentive Structure on the Diffusion of Mobile Social Games: A Randomized Field Experiment[END_REF] provide preliminary evidence that the prosocial strategy can outperform the egoistic strategy in generating product adoption, but the underlying theoretical mechanisms driving the effectiveness of the prosocial strategy are unexplored. Following [START_REF] Bapna | Analyzing the Impact of Incentive Structure on the Diffusion of Mobile Social Games: A Randomized Field Experiment[END_REF], [START_REF] Gershon | Why Prosocial Referral Incentives Work: The Interplay of Reputational Benefits and Action Costs[END_REF] explore the relative effectiveness of the prosocial strategy, compared to the egoistic strategy, and the author show that the relative advantage of the prosocial strategy relies on motivating the referrers' prosocial behaviors.

Despite the emerging research stream on the prosocial strategy, prior studies largely center on examining the effectiveness of the prosocial strategy in comparison to the egoistic strategy. Although the egoistic strategy is common in online referral practice, to our knowledge, none of prior studies focuses on comparing the relative effectiveness of the prosocial strategy compared to the double-sided strategy, a possibly more commonly used reward strategy.

Presumably, the double-sided strategy could be most effective in terms of generating successful referrals because it rewards both referrers and recipients, and a successful referral requires not only referrers to make the referrals but also recipients to adopt the referrals. However, the double-sided strategy requires twice the marketing expenditure, relative to the prosocial strategy.

Therefore, exploring the relative effectiveness of the prosocial strategy, compared to the doublesided strategy, could potentially generate important managerial implications for online retailers.

Our research further investigates the motivational mechanisms through which the prosocial reward component in both the prosocial and double-sided strategies (that is, giving recipients an opportunity to receive rewards) motivates referrers to make referrals. 3 Although [START_REF] Gershon | Why Prosocial Referral Incentives Work: The Interplay of Reputational Benefits and Action Costs[END_REF] indicate that reputational benefit is likely a potential mechanism that drives referrers' prosocial behaviors, an extensive literature documents that prosocial behaviors are often driven by multiple motivations (e.g., [START_REF] Malti | Children's Moral Motivation, Sympathy, and Prosocial Behavior[END_REF]Wentzel, Filisetti, and Looney 2007). In this paper, we theorize that altruism, defined as one's spontaneous concern toward others' welfare [START_REF] Batson | Altruism and Prosocial Behavior[END_REF][START_REF] Warneken | Varieties of Altruism in Children and Chimpanzees[END_REF], could be another important motivational mechanism that drives referrers' prosocial behaviors, and seek to examine whether and how altruism plays a role in motivating referrers' prosocial behaviors in both the prosocial and double-sided strategies (both strategies contain a prosocial reward component).

People's altruistic tendencies can be shaped by contingent factors [START_REF] Batson | Altruism and Prosocial Behavior[END_REF].

The cost of helping is probably the most influential contingent factor [START_REF] Kerr | What Is Altruism?[END_REF]. Thus, we explore how referral cost affects referrers' altruistic tendencies. In this paper, we categorize referral cost into two typesaction cost, which refers to the money, time, and effort associated with completing a referral task, and social cost, which refers to the potential risk that may hurt the social relationship due to a poor referral. We separately examine how the two types of referral cost moderate referrers' altruistic tendencies, and particularly, we examine whether the moderating effects of the two types of referral cost are similar, or they are different.

shows that people have an intrinsic motivation to act altruistically, such as sharing information and resources with others and helping others without extrinsic compensation (for a review, see [START_REF] Warneken | Varieties of Altruism in Children and Chimpanzees[END_REF]. The burgeoning literature on referral incentives documents preliminary evidence that altruism might drive the referral behaviors of referrers. For example, [START_REF] Jung | Words Matter! Towards Pro-social Call-to-Action for Online Referral: Evidence from Two Field Experiments[END_REF] find that participants, in the double-sided strategy, are more likely to make referrals when the strategy is framed in altruistic terms (i.e., highlighting the benefit to recipients) than in egoistic terms (i.e., highlighting the benefit to referrers), or in equitable terms for both (i.e., highlighting the benefits to both referrers and recipients). Although the prosocial strategy does not reward referrers per se, referrers with intrinsic altruistic motives may still make referrals as they want to give recipients a chance to receive the rewards.

Importantly, Heyman and Ariely's ( 2004) dual-market model suggests that for markets with signals of both monetary-market and social-market relationships, economic incentives are likely to crowd out altruism and consequently, money-market relationships are likely to dominate mixed markets. Consistent with the dual-market model, prior research shows that extrinsic rewards crowd out people's altruistic tendencies in various contexts, such as blood donations [START_REF] Lacetera | Do All Material Incentives for Pro-Social Activities Backfire? The Response to Cash and Non-Cash Incentives for Blood Donations[END_REF] and environmental protection [START_REF] Frey | The Cost of Price Incentives: An Empirical Analysis of Motivation Crowding-Out[END_REF]. The dual-market model has implications for predicting the effectiveness of the prosocial reward component of the double-sided strategy (i.e., referrers' giving recipients a chance to receive rewards). In the double-sided strategy, the referrers' focus on self-interest, which is induced by the egoistic reward component (i.e., the opportunity for referrers themselves to receive rewards), may crowd out their altruistic motives, which are potentially induced by the prosocial reward component. Accordingly, the referrers' referral likelihood in the double-sided strategy would be largely determined by the rewards given to themselves, instead of the rewards given to the cost of helping shifts peoples' attention from being concerned about others to being concerned about themselves, thereby undermining their altruistic pursuit. The rational altruism theory [START_REF] Andreoni | Giving According to GARP: An Experimental Test of the Consistency of Preferences for Altruism[END_REF] posits that people's altruistic behavior is bound by rational thinking; people may act altruistically, but only if the cost of such behavior is not overly high. Extending rational altruism theory in the context of the prosocial strategy, we propose that referrers are more likely to behave altruistically when action cost of the referral behavior is relatively low, while their altruistic tendencies would be reduced when the action cost is high. Action cost refers to the monetary and non-monetary costs such as effort and time necessary to complete a task. Therefore, when action cost is low, the prosocial strategy is likely to be as effective as the double-sided (egoistic) strategy in motivating referrers to make referrals, but when action cost is high, the prosocial strategy is likely to be less effective than the double-sided (egoistic) strategy.

In addition to the action cost of referral behavior, there may exist social cost when referrers send out referral messages to their friends. Social cost refers to the potential risk that might hurt the social relationship among referrers and recipients due to a poor referral [START_REF] Ryu | A Penny for Your Thoughts: Referral Reward Programs and Referral Likelihood[END_REF]. We propose that when social cost is low, referrers would show altruistic tendencies.

When the social cost is high, the potential risk of a poor referral would increase, but giving recipients an opportunity to receive rewards is still likely to increase the recipients' welfare. Thus, the prosocial strategy is still likely to motivate referrers' altruistic tendencies, since referrers would not receive any rewards from their referral behaviors. By contrast, in the egoistic strategy where only referrers receive rewards, recipients may think referrals are made by referrers for the pursuit of their self-interests, thereby exacerbating a potential concern of referrers being perceived as self-interested. Therefore, when social cost is high, the egoistic strategy is likely to be less effective in motivating referral behaviors compared to the prosocial strategy. Since the doublesided strategy contains both egoistic and prosocial reward components, the prediction about the

EMPIRICAL OVERVIEW

In this paper, we aim to examine the relative effectiveness of the prosocial strategy, compared to the double-sided strategy, in motivating not only referrers' referral behaviors but recipients' adoption behaviors, while the prosocial strategy only requires half the expenditure of the double-sided strategy. For the underlying mechanism, as referrers are likely to behave prosocially, whereas recipients' adoption behaviors are mainly driven by self-interests, we seek to uncover whether altruism plays a role in driving referrers' prosocial behaviors and also explore the boundary conditions related to the two types of referral cost (action cost and social cost).

Figure 1 illustrates our conceptual framework consisting of five related studies. Table 2 provides an overview of these studies. Across all studies, we analyze the data only after all responses have been collected. No participants' data are excluded from our analyses, and details of all measures, manipulations, and additional analyses are provided in the Supplementary Material. 5

[Insert Figure 1 and Table 2 about here] Study 1 conducts a large-scale randomized field experiment in collaboration with an online real-estate mortgage company that uses different reward strategies and tracks consumers' referral and adoption behaviors. The field results show that the prosocial strategy is as effective as the double-sided (and egoistic) strategy in motivating referrers to make referrals, and as effective as the double-sided strategy (but more effective than the egoistic strategy) in motivating recipients to adopt the products referred.

Studies 2 and 3 explore the motivational mechanism that underlies referrers' prosocial behavior by testing two competing explanations (dual-market model versus collective benefit). Specifically, Study 2 provides evidence that referrers' prosocial behaviors in the prosocial strategy 5 Supplementary Material is posted anonymously at: https://osf.io/tyrnz/?view_only=51524f39f8cd409faa88045ab38f1d2c. referred the mortgage service to more than one friend. Thus, we mainly tested the effects of the different strategies with a binary outcome (whether those participants referred ABCompany: 1=Yes, 0=No), while we coded each of the different strategies using a dummy variable. We also provided analysis with a continuous outcome (i.e., the number of referrals each participant made) with a log-transformation as a robustness check.

[Insert Table 3 about here] The results based on logistic regressions showed that the referral likelihood of those participants significantly differed across the four referral reward strategies (Wald χ 2 (3) = 14.52, p = .002). As the top panel of Figure 2 shows, the referral likelihood in the prosocial strategy (1.86%) was significantly greater than in the no-reward strategy (.80%, χ 2 (1) = 12.24, p < .001), implying that the prosocial strategy can effectively motivate referrers to behave prosocially and make referrals. Similarly, the referral likelihoods in the egoistic (1.76%, χ 2 (1) = 10.51, p = .001) and double-sided (1.83%, χ 2 (1) = 11.67, p < .001) strategies were also significantly greater than in the no-reward strategy (.80%), suggesting that the egoistic and double-sided strategies were effective in generating referrals by satisfying referrers' self-interests.

[Insert Figure 2 about here] Further, the referral likelihood in the prosocial strategy (1.86%) did not significantly differ from the egoistic strategy (1.76%, χ 2 (1) = .09, p = .77) and double-sided strategies (1.83%, χ 2 (1) = .01, p = .93), suggesting that the prosocial strategy is as effective as the egoistic and double-sided strategies in motivating referrers' referral behaviors. The referral likelihood in the double-sided strategy (1.83%) was not significantly different from the egoistic strategy (1.76%, χ 2 (1) = .04, p = .84).

or arousal (ps > .77) across conditions, ruling out the intervention of mood that was induced by the reading materials on participants' responses to the referral program.

Spontaneous concern toward others and referral behaviors. We first tested whether the participants' prosocial behaviors in the prosocial strategy would disappear, or still exist, when their spontaneous concern toward others was inhibited. Although we recorded how many friends each participant referred (by decoding the information that participants filled out), only very few participants referred the mobile app dictionary to more than one friend (.70%). Thus, we tested our expectation with a binary outcome (whether participants referred the mobile app dictionary; 1=Yes, 0=No). Similar to Study 1, we conducted an additional analysis with a continuous outcome (number of referrals that each participant made) through a log-transformation as a robustness check.

Logistic regressions with spontaneous concern toward others (0=not inhibit, 1=inhibit) as the dependent variable and the different reward strategies as the between-subjects factors and the independent variable (each reward strategy is coded as a dummy variable) revealed a significant interaction on the participants' referral behavior (χ 2 (7) = 17.80, p = 0.01). To decompose the interaction, we conducted two separate logistic regressions with reward strategy as an independent variable under the condition of inhibiting or non-inhibiting spontaneous concern toward others, separately. When participants' spontaneous concern toward others was not inhibited, as the left panel of Figure 3 shows, participants' referral likelihood in the prosocial (38.98%) was greater than in the no-reward (19.61%, χ 2 (1) = 4.72, p = .03) and as high as in the egoistic (40.00%, χ 2 (1) = .01, p = .91) and double-sided (40.43%, χ 2 (1) = .02, p = .88) strategies, suggesting that participants in the prosocial strategy behave prosocially in a spontaneous fashion, replicating the findings of Study 1.

[Insert Figure 3 about here] subjects factors, and participants' self-perceived altruism as a dependent variable (i.e., reversing the selfish item and then averaging the two items, r = .76). Results showed that only the main effect of reward strategy (F (3, 414) = 3.65, p = .013), and the interaction between reward strategy and whether a referral was made was significant (F (3, 414) = 2.54, p = .056). The insignificant main effect of spontaneous concern toward others (F (1, 414) = .35, p = .56) confirmed that there was no direct effect on self-perceived altruism.

We further decomposed the two-way interaction. As the left panel of Figure 4 shows, participants who had made a referral reported that they were more likely to help others for unselfish reasons in the prosocial (MP = 7.27, SD = 1.59) than in the no-reward (MN = 5.91, SD = 1.65, t (136) = 2.87, p = .005), egoistic (ME = 5.83, SD = 1.62, t (136) = 3.54, p = .001), and double-sided (MD = 5.84, SD = 1.94, t (136) = 3.55, p = .001) strategies, but their self-perceived altruism did not differ between the no-reward, egoistic, and double-sided strategies (ps > .86).

These results show that only the self-perceived altruism of the participants who had made a referral in the prosocial strategy (i.e., who had behaved prosocially) was significantly promoted, compared to those who had made a referral in the other non-prosocial strategies. Thus, the results suggest that participants' prosocial behaviors in the prosocial strategy are likely to be driven by altruism.

Interestingly, although the double-sided strategy also contains a prosocial reward component that could increase the recipients' welfare theoretically, the self-perceived altruism of the participants who had made a referral in the double-sided strategy (MD = 5.84) was not promoted to be as high as that in the prosocial strategy (MP = 7.27). Results suggest that the egoistic reward component of the double-sided strategy crowds out the participants' altruism, and the referrers' referral behaviors were predominantly driven by the egoistic component of the double-sided strategy, consistent with the dual-market model.

[Insert Figure 4 about here] STUDY 4: ACTION COST Study 4 explores how the action cost of referral behavior influences referrers' altruistic tendencies in the prosocial strategy and the relative effectiveness of the prosocial strategy. We focus on the action cost such as the effort and time that referrers need to invest for completing a referral task. We propose that referrers show altruistic tendencies when the action cost is relatively low, but their altruistic tendencies would be significantly inhibited when the action cost is relatively high. Method 331 U.K. based participants from Prolific online panel (165 women, Mage = 37.52) were randomly assigned to conditions in a 2 (action cost: low, high) × 3 (reward strategy: prosocial, egoistic, double-sided) between-subjects design. Participants in all conditions were informed that a company is promoting a food-delivery app, and we invited them to participate in a referral program. Specifically, if they refer the food-delivery app to their friends, and their friends download and install the food-delivery app, then either (a) their friends (prosocial strategy), or (b) themselves (egoistic strategy), or (c) both themselves and their friends (double-sided strategy) would receive a £10 MacDonald's voucher. In the low-action-cost condition, participants only needed to fill in their names and their friends' names and contact information (e.g., email, phone number, Facebook ID) in our system, while in the high-action-cost condition, participants needed to download and install the food-delivery app first (for checking if they really downloaded and installed the app, we asked them to take a screenshot and upload it onto our system), and then filled in the information needed.

In the experiment, we used a real company of professional food-delivery app and provided the introduction of the company and food-delivery app to the participants (see Appendix D).

After participants decided whether to make a referral, they reported how much the action cost was for making a referral on three items: (i) How much is the effort spent for participating in making referrals is relatively high (leading to more referrals than the egoistic strategy and performing as well as the double-sided strategy, while saving half the marketing expenditure).

Taken together, the findings of Study 4 and 5 show that the action cost and social cost of making referrals are important moderating factors for referrers' altruistic tendencies in the prosocial strategy and the relative effectiveness of the prosocial strategy. However, the patterns of the moderating effects are asymmetrical, as the referrers' altruistic tendencies are inhibited when the action cost is high, but they are not inhibited with the increase of social cost.

GENERAL DISCUSSION

Theoretical Contributions

First, our research contributes to the burgeoning IS and marketing literatures on which particular entity (referrers, recipients, or both) should be rewarded in online referral programs [START_REF] Hong | On the Role of Fairness and Social Distance in Designing Effective Social Referral Systems[END_REF][START_REF] Ryu | A Penny for Your Thoughts: Referral Reward Programs and Referral Likelihood[END_REF]. There exists an emerging research stream that attempts to understand the potential of the prosocial strategy [START_REF] Bapna | Analyzing the Impact of Incentive Structure on the Diffusion of Mobile Social Games: A Randomized Field Experiment[END_REF][START_REF] Gershon | Why Prosocial Referral Incentives Work: The Interplay of Reputational Benefits and Action Costs[END_REF].

Prior studies in this research stream explore which referral participants (referrers or recipients) should be rewarded when there is only one reward by comparing the relative effectiveness of the prosocial strategy versus the egoistic strategy. We contribute to this emerging literature by focusing on the relative effectiveness of the prosocial strategy, relative to the double-sided strategy. By conducting a large-scale randomized field experiment and four online behavioral experiments, we are the first to show that the prosocial strategy can be as effective as the doublesided strategy in motivating referrers to make referrals (by inducing the referrers' altruistic tendencies) and incentivizing recipients to adopt the products referred (by satisfying recipients' self-interests), while it requires only half the marketing expenditure of the double-sided strategy. This suggests that the prosocial strategy could be a cost-effective strategy, compared to both the double-sided and the egoistic strategies. Our findings are quite generalizable, as we find consistent and robust empirical evidence across various product categories (e.g., real-estate mortgage service, mobile app dictionary, photo-editing app, etc.), reward types (e.g., Amazon gift card, product voucher), participant populations and cultures (e.g., American, British, French), and experimental methods (field experiment and online controlled behavioral experiments).

Second, we theoretically conceptualize and empirically test how the prosocial reward component (giving recipients an opportunity to receive rewards) plays a role in motivating referrers' referral behaviors in the prosocial and double-sided strategies. By drawing upon the dualmarket model [START_REF] Heyman | Effort for Payment: A Tale of Two Markets[END_REF], we propose and demonstrate that 1) when referrers themselves are not rewarded, as with the social market relationship, the prosocial reward component in the prosocial strategy appears to spontaneously induce referrers to behave altruistically and make referrals; 2) once referrers are rewarded (as in the double-sided strategy), as with the mixed market relationship, referrers' altruistic tendencies are reduced. [START_REF] Jung | Words Matter! Towards Pro-social Call-to-Action for Online Referral: Evidence from Two Field Experiments[END_REF] find that altruism that is deliberately induced by manipulating the framing of call-to-action can motivate referrers to make referrals in the double-sided strategy. In contrast, we show that the referrers' altruism is a spontaneous motivational mechanism that drives the effectiveness of the prosocial strategy. Moreover, we find that in the double-sided strategy, referrers' altruism, which is potentially induced by the prosocial reward component, is crowded out by the egoistic reward component. Our research thus provides a plausible explanation for why the prosocial strategy could be as effective as the double-sided strategy, despite requiring half the marketing expenditures.

Last but not least, we are the first to show the asymmetrical effects of action cost and social cost of referral behavior in moderating referrers' altruistic tendencies and the relative effectiveness of the prosocial strategy. Specifically, we find that referrers' altruistic tendencies in the prosocial However, given that referrers' altruism is an important motive that drives their referral behaviors in the prosocial strategy, framings that highlight extrinsic benefits, such as maximizing collective benefit may crowd out referrers' altruistic motives and thus decrease their referral likelihood.

Although prior work shows that reputational benefit brought by the prosocial strategy may drive referrers to make referrals [START_REF] Gershon | Why Prosocial Referral Incentives Work: The Interplay of Reputational Benefits and Action Costs[END_REF], explicitly highlighting the reputational benefit in a referral campaign might crowd out the referrers' altruistic motives and plausibly decrease the effectiveness of the prosocial strategy. Simply put, to maximize the effectiveness of the prosocial strategy, online retailers need to be cautious about the particular framings they use that may induce the referrers' self-benefits.

Our research also sheds light on the conditions under which the prosocial strategy would be more effective, relative to other reward strategies. Given that consumers appear to be more sensitive to action cost than social cost of referral behaviors in the prosocial strategy, online retailers probably should first consider action cost of referral behaviors. If the action cost is relatively low, they can consider choosing the prosocial strategy. Otherwise, if the action cost is relatively high, they should avoid using the prosocial strategy. To maximize the effectiveness of the prosocial strategy, online retailers should attempt to reduce the action cost incurred at the referral stage as much as possible. For example, online retailers should minimize the steps and simplify the procedure to send out referral messages. Online retailers should also consider designing user-friendly interfaces for consumers to participate in online referral programs.

Finally, when online retailers are uncertain about whether the product referred can satisfy the recipients' needs, the prosocial strategy could be the optimal choice relative to the other reward strategies, as long as the action cost is not overly high.

Limitations and Future Research

Our research has some limitations and can be extended for further research. First, as satisfying recipients' self-interests is perhaps the only primary driver motivating their adoption behaviors, we only examine recipients' adoption behaviors in the field experiment (Study 1) but not in the laboratory studies. Nevertheless, we acknowledge this is a limitation of our research.

To achieve a comprehensive understanding of the relative effectiveness of the prosocial strategy, future researchers can compare recipients' adoption behaviors across the reward strategies.

Second, we uncover the altruistic motives underlying referrers' prosocial behaviors using two different approaches: manipulating participants' spontaneous concern toward others, and measuring their self-perceived altruism. Results from both approaches provide consistent evidence for the altruistic motives. However, both approaches rely on observation of the behaviors across experimental conditions and indirect measurement to infer the participants' altruistic motives.

Further research that could directly capture the nature of altruism would not only facilitate to unequivocally determine the motivational mechanism of referrers' prosocial behaviors, but to make a significant methodological contribution to capturing altruism at a basic measurement level.

Finally, future research can also examine whether new customers acquired with the prosocial strategy have a better fit with the product/service referred, show stronger loyalty toward the product/service referred, and consume lower maintenance cost in the long run. Future research can examine whether the new customers acquired with the prosocial strategy are more likely to continue making referrals, that is, whether the recipient-referrer conversion rate in the prosocial strategy is higher than other reward strategies. The prosocial strategy is superior to the other strategies in terms of motivating consumers to continue making referrals on their social networks because the new customers (recipients) acquired in the prosocial strategy are more likely to Facebook ID, you can choose to fill in your friend's contact information in one or multiple ways). You can refer the food delivery app to multiple friends if you want, please just fill in their contact information and make sure that the contact information of different friends is separated by semicolon, our system will automatically send an invitation to them. The information you fill in will be kept strictly confidential.

-Your name:

-Your friend's name:

-Contact information:

Email address: Phone number:

Facebook ID:

High action cost condition -Would you like to participate in our referral program as to download and install the food delivery app first and then to refer the food delivery app to your friends? If you would like to participate in this referral program, first, please download and install the food delivery app on your mobile devices via the following links. After you install the food delivery app, please take a screenshot and then upload it to our survey to show us that you have finished this task. Download for IOS: https://itunes.apple.com/us/app/uber-eats-food-delivery/id1058959277?mt=8 Download for Android: https://play.google.com/store/apps/details?id=com.ubercab.eats&hl=en_US -Please upload the screenshot to the area below:

-For completing the referral process, please fill in your name, your friend's name and your friend's contact information (email address, phone number, or Facebook ID, you can choose to fill in your friend's contact information in one or multiple ways). You can refer the food delivery app to multiple friends if you want, please just fill in their contact information and make sure that the contact information of different friends is separated by semicolon, our system will automatically send an invitation to them. The information you fill in will be kept confidential strictly.

-Your name:

-Your friend's name:

-Contact information:

Email address:

Phone number: Essay 2 develops a behavioral intervention aimed at reducing consumers' choices of food portion sizes, which can be easily used in the settings of online food ordering such as food delivery apps. Essay 3 studies whether prosocial incentive scheme can effectively motivate consumers to participate in online referral programs.