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ABSTRACT 

Smells are being included as key components of product ofTerings in an ever increasing 

number of product categories. However, this practice is guided only by intuitive beliefs 

that the addition of smells might lead to richer brand identities, help brand preference etc. 

This is because olfaction research in marketing is in its infancy while studies in branding 

have focused on strategies to extend a brand's existing equity rather than on issues 

relating to the initial formation of brand knowledge structures. Thus, there is little 

understanding of the processes that govem consumer learning of products that involve 

olfactory in addition to visual and verbal elements. 

This research examines the role of smells vs. visual/verbal elements in the encoding 

process of such multimodal brands. Our primary focus is on exploring the effects of 

congruency among the various elements on the derivation of olfactory associations and 

learning of the brand. Subjects in the study were exposed to fictitious brands of bath oils 

and asked to rate the appeal of each brand. Subjects examined the triads of brand 

elements (i.e., smells, colors and labels) in one of two sequences and the combinations 

that represented each brand differed based on various congruency conditions. Subjects 

then undertook a recognition task that was devised to test their learning of the 

associations between the brand elements. 
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The results suggest that visual/verbal elements play a dominant role in shaping encoding 

of the product offering. Visual/verbal associations were learned quite easily, regardless 

of congruency. By contrast, associations between the odors and the labels or colors were 

learned more accurately when the relevant pair was congruent. Further, the labels and 

colors seemed to guide the learning of smells. Thus, when the smell was the sole 

incongruent element and the visual/verbal cues consistently pointed in a different 

direction, the odor was aligned with the other elements. Consequently, overall brand 

learning was contingent on the number of congruent cues that were present to assist in the 

derivation of olfactory associations. These findings provide guidelines to marketers 

faced with various branding decisions relating to product offerings that incorporate 

smells. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

The use of smells as part of the product offering is becoming increasingly prevalent in the 

marketplace (Gibbons 1986). Recent years have witnessed not only an increase in the 

number of product categories in which smells are being used but also a transformation in the 

role played by smells in these products (Branna 1991; Gibbons 1986). Traditionally, scents 

were merely used to mask the unpleasant odors of product ingredients and/or to make a 

product aesthetically appealing (Branna 1991; Gibbons 1986; Mitchell et al. 1964). Thus, a 

company marketing a brand of hair remover might simply select a pleasant smell to hide the 

pungent odor of the core product. Only in categories such as perfiimes and deodorants, 

where the odor is an integral part of the product, were smells accorded any importance. 

Nowadays however, smells have become key elements of the product offering in a wide 

array of household and personal products such as cleaners, detergents, shampoos, lotions, 

soaps etc. (e.g., Pinesol, Lemon Fresh Clorox, Yardley English Lavender soap) (Branna 

1991; Gibbons 1986). Branna (1991) notes that, in these mature industries, fragrance has 

become an important marketing tool used by managers to define their brands and 
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differentiate them fix)m competing products. Fragrance, in these markets, is even considered 

to be what the product ultimately stands for (Gibbons 1986). 

The fact that marketers of consumer products consider fiagrance to be the unique selling 

point of their brands is amply evidenced by the niunerous advertisements geared around 

scents. For example, a recent advertisement for a leading brand of laundry detergent shows 

a spokesperson for the brand visiting homes of users and asking them to submit their clean 

laundry for a smell inspection as proof of the brand's cleaning power. Such widespread use 

of smells as key components of product ofTerings clearly indicates that managers have high 

expectations regarding what the smell can do for the product. For example, managers may 

believe that adding smells might give the brands richer and more distinctive identities, lead 

to increased consumer preference for the brand and ultimately, resuh in higher sales (e.g., 

Gibbons 1986). 

However, such claims are only based on Intuitions. This is because, despite its popularity 

among marketers, olfaction is a vastly underresearched field. Even in psychology, olfaction 

has not been extensively studied (cf. Richardson and Zucco 1989) while in marketing, 

consumer researchers have primarily examined information processing in visual and verbal 

modes (e.g., Childers and Houston 1984; Edell and Staelin 1983). 
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Only a few sporadic attempts have been made to examine the effects of incorporating smells 

in products. The first of such attempts found that consumers liked scented pairs of silk 

stockings more than unscented pairs, even though the pairs were identical (Laird 1932). In a 

direct test of the impact of fragrance on the purchase of nylon stockings, scented stockings 

were found to account for approximately 90 percent of the purchases (Mehling 1956; 

Women's Wear Daily, p. 15, January 28, 1961). In a similar vein, Bouillette (1958) reports 

that, in consumer tests of shampoos, the better perfumed shampoo was preferred even if it 

was not better at cleansing. Finally, in a study comparing brands of denture cleaners, 

consumer preferences were driven as much by odor as by cleaning power (Mitchell et al. 

1964). 

These early demonstrations only reveal the existence of potential advantages from scenting 

products; however, the theoretical underpinnings of these effects are not well understood. 

The authors simply suggest that odors have a subconscious emotional effect on consumers, 

thereby influencing their product judgments (Laird 1932; Mitchell et al. 1964). In other 

words, pleasant odors presumably evoke pleasant feelings, which in turn affect evaluations. 

This state of knowledge regarding the effects of odors in products is woefully inadeqtiate, 

especially in light of recent theoretical and practical developments. 

From a theoretical standpoint, recent views of odor processing in psychology suggest that 

there might be more to olfaction effects than just pleasantness or hedonics per se. 
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Specifically, Cain (1980) notes that cognition plays a heavy role in virtually all aspects of 

olfactory experience. For example, he suggests that cognitive processes may influence the 

way people classify odors, the way they parse odors into perceptual attributes as well as the 

way they determine the identity of smells. Further, he states that individuals' preferences for 

odors also may be governed by cognitive processes. 

In keeping with Cain's viewpoint, recent attempts to explore olfaction effects on consumer 

judgment and decision making have found results that emphasize the importance of 

cognition in olfactory processing. Bone and Jantrania (1992) foimd that products that were 

scented appropriately (e.g., coconut-scented sunscreen) received significantly higher 

evaluations than inappropriately scented (e.g., lemon-scented sunscreen) and unscented 

products, even though the scents used in both cases did not differ in average pleasantness. 

Thus, the appropriateness of an odor appears to be more important for product evaluations 

than its pleasantness. This led the authors to conclude that cognitions, rather than hedonics, 

drive olfaction effects. 

The importance of cognition vis-a-vis affect was demonstrated in a similar fashion by 

Mitchell et al. (199S), although they examined ambient odors rather than odors in products. 

Specifically, Mitchell et al. (1995) found that consumer decision making was not affected by 

the mere presence of a pleasant ambient odor; rather, the effects were dependent on whether 

the odor was congruent or incongruent with the product class under consideration. Thus, 
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like Bone and Jantrania (1992), these authors also concluded that the effects of ambient 

odors on decision making were based on cognitive factors and not on positive feelings 

induced by the pleasantness of the odor. The findings of these studies suggest that the 

stance that odors "work" (i.e., affect consumer judgments) by inducing pleasant moods is, at 

best, an incomplete view of the processing of odors. Hence, a deeper exploration of 

cognitive factors is needed to gain a more comprehensive understanding of the effects of 

olfaction in products. 

Developments on the practical fijont (i.e., the use of smells as key components in products) 

also demand a fuller understanding of the cognitive mechanisms underlying the processing 

of olfaction in products. In its traditional role, all that was required of a product's smell was 

for it to be appealing to the consumer when s/he encounters it. In its newer and more 

complex role, the demands being placed on the smell are much greater (Branna 1991). At a 

minimiun, smells are being banked on to play a pivotal role in defining the brand concept 

(i.e., consumers' mental representation of the brand). For this to happen, the smell needs to 

be encoded in memory along with other visual/verbzil elements of the brand. Yet, little is 

known about whether and how this occurs. 

This research takes the first step toward understanding the processes involved in the 

encoding of olfactory and visual/verbal information from products. We explore the role 

played by smells vs. labels and colors in learning of the brand, with specific focus on the 
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impact of congruency among the various elements. In the next section, we describe our 

research in further detail. 

1.2 Research Purpose and Significance 

As we have mentioned, the marketplace today is mundated with multimodal brands (i.e., 

brands that involve olfactory as well as visual and verbal elements). Thus, consumers are 

now faced with the challenge of developing a brand concept that is a complex amalgam of 

multisensory information. In order to successfully create a multimodal brand concept in 

memory, consumers need to encode not just the individual elements in isolation but also the 

linkages between information in the various modes. 

Ideally, the linkages among all the elements of the product will be encoded accurately and 

thus, each mode will be represented fully in the definition of the brand concept. In reality 

however, there may be asymmetries in the extent to which each element is represented 

during brand concept formulation. In other words, certain elements may be leamed and 

associated more easily than others and will thereby play a more crucial role in defining the 

brand concept. Thus, one goal of this dissertation is to investigate the role played by smells 

vs. visual/verbal elements in shaping encoding of a product offering. To this end, we 

examine the relative strength of the linkages among the multiple sensory elements in the 

brand. 
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Further, since smells are being included in the hope that they will contribute to the brand 

concept, the question arises as to whether the product offering can be designed in such a 

way as to facilitate olfactory learning and thereby, increase the utility derived fit)m adding 

the smell to the ofiTering. Specifically, are there particular combinations of elements that are 

conducive to forming olfactory associations and others that hinder such associations? In this 

context, we introduce the notion of congruency among the various elements in an offering. 

By congruency, we refer to a situation in which two or more product elements are combined 

in a manner that is consistent with consumers' prior expectations. For instance, the visual 

and olfactory modes are congruent in a soap that has the fragrance of roses and is red in 

color. Our second goal then is to explore whether congruency has an impact on consumers' 

ability to incorporate a smell as part of the brand concept. Thus, we examine the impact of 

congruent vs. incongruent combinations on the derivation of olfactory associations and 

learning of the brand. 

Findings from the odor cognition literature in psychology are used as the basis for deriving 

predictions regarding the encoding of multimodal brands and the role of congruency in 

facilitating such encoding. We develop a set of multimodal brands for use as stimuli in the 

research. Each brand comprises a smell (the olfactory element), color (a visual element) and 
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label (a verbal element^) (see Figure 1-1). An experiment using these stimuli is conducted 

to study the research issues identified above. An analysis of variance fi-atnework is used to 

assess the extent to which observed patterns conform to our predictions. 

This investigation represents the first attempt in marketing to examine consumer learning of 

olfactory information from products. As such, it makes an important theoretical 

contribution by improving our understanding of the cognitive processes at play when 

consumers are confronted with multimodal brands in the marketplace. Further, by exploring 

the impact of congruency among the elements in a product ofTering, the study should 

provide insights regarding the kinds of combinations that might facilitate/hinder the 

encoding of various product elements as a unit. The study also extends prior work in 

psychology by examining the learning of olfactory associations in a triadic setting, rather 

than in the conventional paired-associate format. From a managerial perspective, the results 

of the study should offer guidelines to marketers who are considering the incorporation of 

scents in their product ofiTerings. Finally, the research makes a methodological contribution 

by devising an alternative technique for studying the learning of associations between 

multiple sensory elements. 

' The term 'visual' is sometimes used in the context of the mediiun in which information is received. For 
instance, a person can read a printed book (thereby receiving the information visually) or listen to an 
audiotaped version (and thus receive information aurally). In this sense, this study exposes subjects to both 
the labels and the colors visually. However, in keeping with the convention in consumer behavior 
literature, we make a distinction, based on information content, between the labels (as verbal or semantic 
information) and colors (as visual or sensory information). 
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1.3 Organization 

The rest of this dissertation is organized as follows. In the next chapter, we present a review 

of relevant literature on odor effects in marketing and psychology. In Chapter 3, we develop 

the hypotheses that are tested in the study. Chapter 4 describes the methodology employed 

in executing the study. In Chapter 5, we report the results of the study. Finally, in Chapter 

6, we summarize the findings and discuss the theoretical and managerial implications that 

can be drawn fi-om them. 
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CHAPTER! 

LITERATURE REVIEW 

2.1 Overview 

The broad goal of this dissertation is to gain an understanding of the processes involved in 

consumer learning of multimodal brands. As such, the field of branding provides the overall 

setting for the research and describing this setting forms the purpose of the first section 

below. Further, since we are primarily concerned with the use of odors in brands, we review 

studies relating to odor effects in marketing next. However, as research in this area is in a 

fledgling state, much of our theoretical development is based on literature on odor cognition 

in psychology. 

The literature on odor cognition has examined two major issues (viz., identification of 

smells and learning of smells & their associations) and the findings suggest that odor 

processing is distinctive in both respects. Accordingly, in the following two sections, we 

review the literature in the two areas and describe some of the unique aspects that seem to 

characterize odors on each fix)nt. Specifically, in the section on odor identification, we 

begin by establishing the importance of identification for the encoding of odors. We then 

describe studies that examine individuals' performance on identification of everyday odors 
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and highlight the factors that appear to impede such performance. Finally, we discuss the 

impact of contextual cues on odor identification. 

The second section on odor cognition begins with a description of studies on short-term and 

long-term recognition memory for odors. Findings related to odor imagery are discussed 

next. The section concludes by examining the variable of direct relevance to our research, 

namely, the learning of associations to smells. This variable is emphasized because our 

study attempts to explore the derivation of olfactory associations with other brand elements. 

Further, as relevant, both sections on odor cognition will attempt to contrast findings related 

to odors with established results in the visual/verbal domain. This is necessitated by the fact 

that a core objective of our research is to compare the role of smells vs. visual/verbal 

elements in shaping encoding of a product offering. 

Finally, as we have mentioned, examining the impact of congruent as well as incongruent 

combinations of olfactory, visual and verbal elements on brand learning is the specific focus 

of our thesis. Thus, the last major section in this chapter describes the concept of 

congruency and reviews studies that examine this notion in visual/verbal as well as olfactory 

contexts. 
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2.2 The Branding Perspective 

Brands are nowadays commonly recognized to be one of the most important assets owned 

by the firm (Aaker 1991; Aaker and Biel 1992). The value or equity from popular brands 

(such as Coca-Cola, Sony or Kodak) is considered to translate to a variety of benefits for 

both the manufacturer and the consumer. For example, Aaker (1991) suggests that a well-

known brand assists the customer by providing a frame of reference within which relevant 

product information can be assimilated and by increasing their confidence in as well as 

satisfaction from the purchase. To the company, a strong brand implies greater efficiency 

and effectiveness of marketing programs, a loyal customer base, price premiums, leverage in 

distribution channels, insulation against competition and the potential for growth through 

use of the name in new products (Aaker 1991). It is thus not surprising that the Marketing 

Science Institute has consistently placed branding and brand equity among its top priority 

topics for research for the past several years. 

One prominent view of brand equity is that it derives from the knowledge structures that 

exist in the minds of consumers (Keller 1993). To explicate the nature of such knowledge 

structures, this view relies on standard formulations of associative memory in psychology 

(e.g., Collins and Lofhis 1975; Raaijmakers and Shiffrin 1981). These formulations suggest 

that knowledge is represented in memory in the fonn of "nodes" for various concepts which 

are connected to one another through "links". Accordingly, brand knowledge is 
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conceptualized as comprising a node for the brand (represented by the name, logo etc.) with 

links to various associations. These associations could be the basic features of the product 

or service (both functiomd and non-functional), consumers' beliefs (regarding the product's 

benefits, typical users and usage situations etc.) as well as their overall attitude. Thus, the 

two primary tasks facing the manager are to enhance awareness of the brand per se and to 

control/monitor the image of the brand (i.e., the set of associations held by the consumer). 

In this regard, several authors have underscored the critical need for proper selection of the 

initial marketing mix (i.e., the product itself plus accompanying pricing, promotion and 

distribution activities) as well as strategic management of the mix over time, in order to 

optimally build and preserve equity in the brand (Aaker 1991; Keller 1993; Park, Jaworski 

and Maclnnis 1986). 

While interest in the area of brand equity has spawned a multitude of research, much of the 

work has centered around the issue of brand extensions (i.e., introduction of new products 

using existing brand names) (e.g., Aaker and Keller 1990; Park, Milberg and Lawson 1991; 

Keller and Aaker 1992; Loken and John 1993; Broniarczyk and Alba 1994). Such research 

assumes the presence of established knowledge structures (by considering well-known 

brands) and focuses on exploring extension strategies that best capitalize on the equity in the 

brand. By contrast, few researchers have examined issues in the initial formation of brand 

knowledge structures. 
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In this regard, one issue requiring investigation concerns the potential impact of the choice 

of various non-functional elements of the brand (e.g., product/package design elements) on 

brand knowledge formation. Current understanding on this front is limited to general 

recommendations made in the popular press. For instance, several articles have underscored 

the potential importance of using distinctive colors and vivid visual graphics in 

brand/package design to reinforce the brand's identity/image and enhance brand awareness 

(BIyth 1991; Gobe 1993; Grossman 1994; Magrath 1990; Miller 1991). Similarly, writers 

have recommended the use of brand names and slogans that are distinctive as well as 

emphasize the uniqueness of the product (Grossman 1994; Magrath 1990). However, 

beyond these general suggestions, the literature does not provide clear guidelines to 

marketers regarding the selection of visual/verbal elements of brands. In addition, since 

multiple elements are interwoven to create a brand, the gwdelines also need to address the 

issue of how best these elements should be combined. Yet, this issue has not been 

systematically addressed thus far. 

A further recommendation made in the popular press relates to the use of additional sensory 

dimensions (Gobe 1993; Magrath 1990). For example, Gobe (1993) stresses the virtues of 

creating a complete sensory experience for the consumer in order to build strong brands. 

This suggestion appears to have been implemented in the marketplace, as witnessed by the 

widespread use of smells in brands. Given this added complexity, the need for empirically 

validated guidelines regarding the selection of non-functional brand elements (in isolation or 
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as a group) is even greater. This research attempts to fill this void by exploring the impact 

of various combinations of olfactory, visual and verbal elements on brand knowledge 

formation. 

Studies of olfaction in a marketing context have primarily explored the effects of odors on 

product evaluations. As a starting point, we review this literature in the next section. 

2.3 Odor Effects in Marketing 

The earliest examination of the effects of odors in products was undertaken by Laird (1932), 

who studied the impact of scents on judgments of hosiery. Consimiers were shown four 

identical pairs of silk stockings and asked to select the pair with the highest quality. Three 

of these pairs were faintly scented with different fragrances while the fourth was left 

unscented. Although very few participants noticed the presence of the scents, the scented 

pairs were selected more often than the unscented pairs. However, the magnitude of the 

effect varied based on the scent used, with one particular scented pair being chosen by half 

the group. Laird therefore concluded that scents wield a potent influence on product 

judgments, with certain scents being more influential than others. 

Another experiment directly investigated the role played by fragrance in the purchase of 

nylon stockings (Mehling 1956; Women's Wear Daily, p. 15, January 28, 1961). Two piles 
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of identical stockings were placed on a retail counter. One pile was scented and the other 

was not. An overwhelming majority of the consumers (i.e., approximately 90%) purchased 

the scented stockings and indicated that the pair that they chose appeared to be of better 

quality. Two other studies have also demonstrated the significance of scents vis-a-vis 

primary performance attributes in driving consumer preferences for products. In one study, 

consumers preferred the shampoo with the nicer fi^grance, despite its inferior cleansing 

ability (Bouillette 1958). The second study (Mitchell et al. 1964), which examined 

consumer preferences for various brands of denture cleaners, showed that the smell of the 

product was as important as its cleaning potential in influencing consumers' product 

evaluations. 

Until recently, these early studies represented the entire body of research on odor effects in 

marketing. Fortunately however, perhaps prompted by the widespread use of smells in the 

marketplace, researchers are again beginning to devote attention to the study of odors in 

marketing (e.g.. Bone and Jantrania 1992; Mitchell, Kahn and Knasco 1995). 

Bone and Jantrania (1992) tested the hypothesis that the appropriateness of an odor plays a 

more important role in product evaluations than its pleasantness. The authors postulated that 

if hedonics alone were involved, the presence of any pleasant smell should enhance 

evaluations; however, if cognitions came into play, only appropriate smells should enhance 

evaluations. Subjects were asked to evaluate one household cleanser and one sunscreen that 
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were either unscented, lemon-scented or coconut-scented. As anticipated, the appropriately 

scented products (i.e., lemon-scented cleanser and coconut-scented sunscreen) were rated 

better than the inappropriately scented and unscented versions, despite the fact that the two 

scents did not differ in average pleasantness. Further, individual ratings of pleasantness did 

not explain the variation in evaluations. 

Mitchell et al. (1995) studied the impact of ambient odors on consumer decision making. 

Similar to Bone and Jantrania (1992), their goal was to investigate whether effects on 

decision making could be induced by any pleasant ambient odor or whether the effects 

would be contingent upon the congruity between the odor and the target product category. 

The authors conducted two studies; the first was in the context of a single decision while the 

second involved a series of decisions. In both studies, subjects made their decisions (i.e., 

choice among assortments of candy or flower arrangements) in a room that was either 

unscented, scented with a congruent odor (i.e., chocolate or floral scent respectively) or 

scented with an incongruent odor (i.e., the opposite scents). The results of both studies 

suggest that the congruency of ambient odors with the product being considered is an 

important determinant of the odors' effects on decision making. For example, congruent 

ambient odors resulted in greater time being spent on the task, more evetuiess in choice and 

greater variety seeking (when compared to incongruent odors). 
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From the preceding review, it is evident that research on odors in marketing is in its infancy. 

While the early studies suggest that odors can influence product evaluations and the newer 

studies highlight the cognitive bases of such odor effects, extant knowledge in the field is 

insufficient to provide us with a theoretical basis for examining the learning of associations 

between multiple sensoiy elements of brands. Thus, we turn to literature on odor cognition 

in psychology to gain a better understanding of issues that may be pertinent to the encoding 

of multimodal brands. 

2.4 Identification of Odors 

Identification of a smell refers to the process of naming the object that generates the odor. 

Studies on odor identification have examined the role played by identification in odor 

encoding, the ability of individuals to identify common smells as well as the impact of 

suCTOunding cues on identification. We discuss each of these issues below. 

2.4.1 Role of Identification in the Encoding of Odors 

Identification appears to be crucial to ensure proper encoding of smells (Cain 1980). de 

Wijk, Schab and Cain (1995) speculate that an analogy with fi-agmented pictures might 

explain the role that identification plays in olfactory encoding. For instance, in the well-

known figure of the dalmatian snifQng the ground (see Figure 2-1), individuals can look at 
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the pictiire for a long time without perceiving anything meaningful. However, once they are 

told what the pattern depicts, perception of the picture is instantly clarified, resulting in 

superior encoding and memory. Similarly, identification of a smell appears to organize and 

clarify its perception. As Cain (1980) notes, an odor seems to require the name to attain its 

proper internal niche. When a person encounters a smell that he can only describe as 

somewhat fishy-goaty-oily, the sensation seems ill-defined. But once the person realizes (or 

is told) that the smell actually comes from leather, the perceptual experience appears to take 

on a new clarity (Cain 1980). 

The key role that identification plays in the encoding process of odors has been 

demonstrated in several studies. Rabin and Cain (1984) directly tested the impact of odor 

identifiability on recognition performance. Subjects were provided with twenty common 

odors (e.g., coffee, vanilla) and were asked to name the odor as well as indicate their 

familiarity with it Recognition tests were administered to different groups after different 

intervals (10 minutes, 1 day and 7 days). The results showed that the quality of the label 

that subjects assigned to an odor during initial exposure had a significant impact on 

subsequent recognition performance. Recognition memory was best for odors that were 

labeled veridicaily, moderate for odors with labels in the near miss category and worst for 

odors with labels in the far miss category. 
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The importance of verbal coding was similarly highlighted in the findings of Lyman and 

McDaniel (1986). The study explored the utility of various kinds of elaborative processing 

activities in enhancing odor memory. Two of the activities were verbal in nature 

(generation of the odor name along with a short definition or generation of a life episode 

prompted by the odor) while the third was visually oriented (formation of a visual image of 

the object producing the odor). Subjects returned a week later to undergo a recognition test. 

The results revealed that subjects instructed to generate labels or to describe life episodes 

performed better on odor recognition than subjects asked to engage in visual imagery or 

control subjects. Further, akin to Rabin and Cain (1984), Lyman and McDaniel found that 

the performance of subjects in the label generation group was a function of the degree of 

accuracy of their labels. 

de Wijk, Schab and Cain (1994) have demonstrated the impact of identifiability for short 

term memory as well. Subjects were exposed to 72 common household odors and were 

tested for recognition immediately thereafter. Subjects also attempted to identify the odors. 

The recognition test used either the odors or their names. Again, the results indicated that 

correctly identified odors were recognized better than incorrectly identified odors, both 

when memory was tested with odors as well as with the corresponding odor names. Taken 

together, these studies highlight the need for accurate identification to ensure clarity in odor 

encoding. 
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2.4.2 Identification Performance 

Unfortunately however, despite its importance for encoding, identification of smells is often 

poor. Even familiar smells are not identified consistently and accurately (Cain 1979). 

Extensive evidence shows that when subjects are presented with the smells of common 

objects (e.g., chocolate, rose, Johnson's baby powder), only about half the set is conectly 

identified (Cain 1979; Desor and Beauchamp 1974; Engen 1987; Engen and Ross 1973; 

Jones 1968; Rabin and Cain 1984; Lawless and Engen 1977; Sumner 1962). 

The earliest demonstration of this effect was by Sumner (1962). In an attempt to develop 

clinical tests for olfaction, he exposed 200 persons to 12 common odors and found that the 

average person could identify only 6 of the 12. Cain (1979) obtained similar results using a 

much larger battery of odors. Specifically, he asked 12 women to identify a set of 80 

everyday odors and discovered that, on average, subjects could identify only 45% of the 

odors. More recently, Engen (1987) compared the identifiablility of two sets of stimuli, one 

comprising common branded products (such as Bazooka bubble gum) and another involving 

generic odors (such as rose). He found no significant differences between the two sets of 

odors and, similar to previous studies, an average identification rate of 44%. The 

convergence in the results of these various studies indicates that 45% - 50% (approx.) is a 

robust estimate of the identifiability of common odors. By contrast, performance in the 

naming of common colors is typically much higher (around 80%, Dorcus 1932). 
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Lawless and Engen (1977) have coined the term 'tip of the nose' to describe the situation that 

typically arises when people encounter a common odor, viz., they feel that the smell is very 

familiar but they are unable to pinpoint its identity. Why is identification of even everyday 

smells poor? To understand this, it would be helpful to examine the steps that might be 

involved in the process of odor identification. One can envision two main stages in 

identifying an odor, namely, perception of the odor followed by its labeling (adapted from 

Schab 1991). In other words, to correctly identify an odor, a person must first encode the 

odor in memory with sufficient precision so as to be able to discriminate it from alternative 

olfactory traces that exist in memory. The person then needs to search for possible labels in 

memory and choose the most suitable one (Schab 1991). Identification may be hampered if 

problems arise in either of these stages. 

2.4.2.1 Linguistic Limitations 

The impoverished nature of smell identification is often attributed to linguistic limitations in 

odor processing (e.g., Richardson and Zucco 1989), i.e., researchers commonly suggest that 

the breakdown in identification occurs in the second stage. In an impublished study by 

Engen and Omark (cited in Engen 1982), subjects tended to provide less explicit, less 

accurate and less fluent verbalizations when asked to fiee-associate to odors than when 

asked to fi^e-associate to pictures of the same objects. Thus, the authors found that subjects' 
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responses to odors were punctuated by long pauses, facial expressions and statements about 

preferences whereas their responses to pictures were characterized by concrete, stimulus-

oriented comments. 

In another study, Engen and Eaton (also cited in Engen 1982) asked subjects to list ten odors 

and ten colors as quickly as possible. Not only did subjects take four times longer to 

complete the task for odors but the responses generated also reflected much greater 

individual differences. Whereas the color names generated were uniform enough that 90% 

of the responses could be classified into 22 categories, the odor words were so varied that 

even 41 categories captured less than half the responses. The above studies led Engen 

(1982) to conclude that odor language is idiosyncratic and impoverished and that the 

connections between the brain centers for odor and language might be weak. 

Cain (1979) suggests that linguistic handicaps to odor identification might be manifested in 

two ways. First, the formation of links between odors and their names may take place 

gradually. Thus, poorly learned associations between odors and their names might impede 

identification. Second, even for odors whose names are well-learned, accessibility of the 

names is often impaired. For example, when subjects were informed of the identity of 

familiar smells during initial inspection, subsequent identification performance was as high 

as 78%. Further, when feedback with the correct labels was provided upon testing, 

performance improved to 94% by the fifth trial. The author concludes that such marked 
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improvements in performance is compatible with the notion that failure to retrieve well-

known names plagues identification of common smells. 

The stance that odor-language connections are tenuous even for familiar smells is further 

supported by the results of Lawless and Engen (1977). The authors explored the kinds of 

information that were available to subjects in the tip-of-the-nose state and found that 

individuals could access information about the quality of the odor (such as the general 

category to which it belonged) but not lexical information relating to its name (such as the 

number of syllables). 

2.4.2.2 Perceptual Limitations 

More recently, researchers have raised the possibility that odor identification might be 

plagued by perceptual limitations as well (de Wijk et al. 1995; Schab and Cain 1991), i.e., 

the identification process could break down in the first stage itself These authors point out 

that discrimination enors occur even when the task merely involves a simultaneous 

comparison of odors presented side-by-side (Eskenazi, Cain and Friend 1986; Eskenazi, 

Cain, Novelly and Friend 1983; Rabin 1988). For example, Eskenazi et al. (1986) presented 

subjects with triads of odors and asked them to indicate which two odors in each triad were 

identical. Despite the relative ease of the task, nearly all the subjects committed a few 

errors. Thus, it seems likely that discriminability could pose a problem in an identification 
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task, since identification places more stringent demands on the perceptual system. 

Specifically, identification involves memory-based discrimination, i.e., subjects need to be 

able to differentiate between the presented odor and all other perceptually similar odors 

stored in memory (de Wijk et al. 1995). 

The notion that discrimination errors may contribute to poor identification is supported by 

the finding that discrimination and identification performance are highly correlated (de Wijk 

and Cain 1994; Eskenazi et al. 1983,1986). For instance, de Wijk and Cain (1994) found 

that subjects who were better at discriminating among a set of odors also tended to be better 

at identifying the same as well as a different set of odors. Further, these subjects also 

displayed greater consistency in identification (i.e., they provided the same names over 

multiple trials). 

The fact that subjects' identification responses are often approximations to the correct name 

is also used by proponents as support for the notion that identification is hampered by 

discriminative limitations. For example, responses such as raspberry or fiuit for strawberry 

seem to be indicative of individuals' mability to discriminate between raspberry and 

strawberry in the first case and discriminate beyond the general category of fiiiit in the latter 

(rather than of a failure to access a familiar name like strawberry, once the smell has been 

perceived correctly). In sum, identification may be impeded by limitations in either 

perceiving or labeling the smell. 
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2.4.3 Impact of Contextual Cues 

A further complication arising from these linguistic and perceptual shortcomings is the 

tendency of smell identification to be easily influenced by contextual cues (e.g., surrounding 

visual or verbal elements). This tendency was demonstrated in a study that examined the 

impact of color cues on odor identification (Davis 1981). Subjects were exposed to 20 

common odors and asked to indicate their familiarity with each odor as well as to provide 

identification responses twice. The color cue was introduced (either as names of colors or as 

color patches) in between the two measurements of identification. Some subjects received 

relevant color cues (i.e., yellow for banana) while others received inelevant color cues (i.e., 

blue for banana). The relevant cues led to an increase in the number of correct 

identifications from the first measurement to the second, especially for more familiar odors. 

By contrast, the irrelevant cues caused a deterioration in performance. 

A second study also found significant effects from the use of color on odor identification 

(Zellner, Bartoli and Eckard 1991). The authors argued that the manner in which the Davis 

(1981) study introduced the color cue was not ecologically valid and therefore decided to 

present subjects with colored odorous solutions instead. Subjects were given ten odor 

solutions and were asked to identify each odor as quickly as they could. Subjects either 

examined appropriately or inappropriately colored solutions or were blindfolded during the 
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task. The authors found that subjects viio were exposed to appropriately colored solutions 

identified the odors better as well as faster than those who saw inappropriately colored 

solutions or those who were blindfolded. 

While there appears to be no published research examining the impact of verbal contextual 

cues on odor identification, some unpublished work (i.e., Cain et al. 1994, cited ui de Wijk 

et al. 1995) may be pertinent to this issue. Specifically, these authors suggest that, when a 

particular name for an odor is suggested by the experimenter or the context, the odor may be 

accordingly identified, even when the actual odor differs fix)m the one suggested. 

In sum, identification of smells, while necessary for encoding, appears to be hampered by 

perceptual as well as lexical limitations and is thereby readily swayed by contextual cues. 

As a result, visual/verbal elements might dominate smells in the encoding of product 

offerings. Nevertheless, incorporation of the smell as part of the product concept might be 

facilitated by tailoring the visual and/or verbal aspects of the product in a manner that 

supports smell identification. These postulations form the central premise of this 

dissertation and are discussed in detail in the next chapter. First however, since additional 

insights regarding these postulations may be obtained by understanding issues in the 

learning of odors and their associations, we review literature in this area next. 
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2.5 Learning of Odors and their Associations 

The purpose of this section is twofold, namely, to discuss findings relating to the learning of 

odors per se as well as to review literature pertaining to the learning of associations to odors. 

Accordingly, the first two subsections explore two aspects relevant to the learning of odors: 

(1) recognition performance as a reflection of how well individuals learn odors and (2) 

imagery for odors which may have implications for how well odors can be learned. Finally, 

the last subsection focuses on issues in the learning of odor associations. 

2.5.1 Recognition Memory for Odors 

The most common paradigm for testing the learning of odors is odor recognition. This is 

because, whereas memory for words can be measured in a recall format (i.e., by aslcing 

subjects to write down the words they remember), memory for odors cannot be directly 

tested using recall measures (Schab and Crowder 1995). Recall can only indicate memory 

for the names of odors and not the odors themselves. By contrast, a recognition test, which 

typically requires subjects to examine a set of odors and indicate whether each odor is "old" 

(i.e., was provided earlier as a to-be-leamed item) or not, represents a more direct measure 

of whether an odor was encoded (Schab and Crowder 1995). 
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Recognition tests vary in the length of the retention interval (i.e., the time intervening 

between study and testing). If this interval is small, e.g., a few seconds to a minute or two, 

the tests are a measure of short-term recognition. If, on the other hand, the interval lasts 

several minutes or even several days or months, the tests reflect long-term recognition. As 

shown below, studies of both short-term and long-term recognition have provided consistent 

results regarding the nature of odor learning. 

Engen, Kuisma and Eimas (1973) were the first to examine short-term recognition memory 

for odors. Their primary purpose was to examine the impact of the duration of the retention 

interval on recognition. Subjects were presented with either one or five odors during the 

initial learning phase. Further, some subjects were asked to count backwards by three 

during the retention interval while others were not. After varying retention intervals (3, 6, 

12 or 30 seconds), subjects were presented with an odor and tested for recognition. Subjects 

underwent 100 such trials. 

As anticipated, the number of odors studied (one or five) had a significant impact on 

recognition accuracy, with fewer errors being made in the easier (one odorant) condition. 

However, there were no significant differences between subjects who counted backwards 

and those who did not. The authors suggest that this may be because possibilities for 

rehearsal are limited in the olfactory domain. In other words, while individuals can rehearse 

words (e.g., by repeating them mentally) or visual stimuli (by developing a mental image) 
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and thereby keep them active in memory, it may be difficult to hold the perception of the 

odor actively in memory until testing. Thus, subjects who did nothing during the retention 

interval may not have gained anything by not having to perform the task of counting 

backwards. 

The most surprising findings relate to results regarding recognition performance at the 

different retention intervals. First, recognition accuracy was far from perfect even at the 

shortest retention interval of 3 seconds (e.g., less than 85% even for subjects in the one 

odorant condition). As the authors note, this is in sharp contrast to findings in the 

visual/verbal domain, where nearly 100% recognition is achieved for short durations (e.g., 

Shepard 1967). Second, recognition accuracy improved slightly between 3 and 12 seconds 

and then deteriorated back to the original level. Thus, performance at the 3 and 30 second 

intervals was virtually identical. The authors emphasize that this pattern too is distinctly 

different from the usual pattern found for other modalities (i.e., peak performance at the 

shortest interval and a steady decline thereafter). 

Another study of short-term recognition memory (Jones, Roberts and Hohnan 1978; 

experiment 2) found similar results using different experimental procedures. On each of six 

trials, subjects were asked to remember either one, three or five stimuli chosen at random 

fixim a set of 11 common spices. Recognition memory was assessed immediately thereafter, 

with the set of 11 stimuli being provided in a random order. As in Engen et al. (1973), 
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recognition performance declined as the number of target odors increased. The authors also 

computed a measure of "lag" (i.e., the number of stimuli intervening, including both 

learning and testing phases, between the initial presentation of a stimulus and its appearance 

in the recognition set) and examined its impact on recognition. Recognition perfomiance 

did not vary as a function of lag. Since lag may be considered to be a surrogate for retention 

interval, this result parallels the lack of decay found in the Engen et al (1973) study. Also as 

before, performance was far from perfect even when there was only one intervening 

stimulus. In other words, although the task should be relatively easy when the lag is just 

one, even the group that was asked to study one odor was only able to correctly indicate 

whether a stimulus was old or new approximately 85% of the time. 

Studies examining long-term recognition have also found results that mimic the patterns 

described above. For instance, Engen and Ross (1973; experiment 1) provided subjects with 

48 common odors and tested recognition memory at four levels of delay: immediately 

following the learning phase or one, seven or thirty day(s) later. The pattern of results was 

similar to that of Engen et al. (1973). First, imperfect performance was observed even for 

the shortest delay condition (i.e., 70% after 10 minutes). Further, performance after one day 

was slightly better than immediate performance (i.e., 75% vs. 70%), after which it 

descended to just below the initial level (67% after 30 days). The authors conducted two 

more smdies using smaller stimulus sets (i.e., 20 odors) and found performance to be at the 

same range (70-77%) even after a delay of three months. Further, a follow-up study 
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indicated that recognition performance remained above chance even after 1 year. By 

contrast, recognition memory for pictures has been found to decay from near perfect 

immediate scores to chance levels within four months (Shepard 1967). 

Lawless and Cain (1975) set out to examine whether the forgetting curve would be flat even 

with higher initial performance levels. The authors endeavored to increase initial 

performance by providing subjects with a small set (i.e., 11) of dissimilar odors. 

Recognition memory was tested 10 minutes alter the inspection phase or one, seven or 

twenty eight ciay(s) later. Even with an initial level of 85% (after 10 minutes), performance 

decreased only to 75% after 28 days, which, as the authors note, represents a much 

shallower rate of forgetting than that typically found for other modalities. 

Researchers have attempted to provide explanations for the distinctive pattern of odor 

memory effects found in these studies. For instance, Engen (1977) points out that the flat 

forgetting rate for odors seems to indicate that odor memory is impervious to retroactive 

interference. Retroactive interference occurs when memory for a specific item is hindered 

by the subsequent learning of similar information. Thus, retroactive interference can be 

expected to lead to diminished memory for the item over time. While retroactive 

interference has long been shown to be a potent source of forgetting in the visual/verbal 

domain (e.g., McGeoch 1932), the durability of odor memory suggests a minimal role for 

retroactive interference in the case of odors. 
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Engen and Ross (1973; also Engen 1977, 1982) provide an alternative explanation that 

accounts for both mediocre immediate learning as well as slow decay. Specifically, they 

speculate that while multiple perceptual attributes (such as size, color, shape etc.) may 

contribute to the encoding of visual stimuli (such as pictures), odors may be encoded as 

unitary perceptual experiences. This may lead to superior initial memory for visual stimuli 

because the various features may make the stimuli distinctive. However, long term memory 

for the visual stimuli may be more susceptible to confusions with other stimuli that share a 

subset of attributes with the target. On the other hand, while unitary encoding may be less 

efficient over the short run, it may also render odors more resistant to later confusions. 

This explanation is supported by the results of Lawless (1978). In his study, subjects 

examined 12 odors, 12 pictures and 12 &ee forms and were tested for recognition either 20 

minutes, 7 days, 4 weeks or 4 months later. The results showed similar forgetting curves for 

the odors and free forms and a distinctly different curve for the pictures. Specifically, 

picture memory remained close to 100% for the first month but dropped sharply to 81% 

when tested after 4 months. By contrast, initial performance was lower for the odors and 

firee forms (91% and 85% respectively); a drop of 15% was evident within the first month; 

however, there was no further deterioration after 4 months. Lawless suggested that 

similarities in the nature of encoding between the odors and firee forms might have led to the 

parallel forgetting functions observed. In other words, both the simple firee forms and the 
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odors might have been encoded in a unitary fashion while the more complex pictures might 

have been processed more elaborately. 

In sum, studies on odor recognition suggest that odor memory is characterized by imperfect 

initial encoding and little subsequent forgetting. The ramifications of these features for 

individuals' ability to leam associations to odors is of central concern to our research and 

will be highlighted later. 

2.5.2 Imagery for Odors 

Mental imagery refers to the process of creating a perceptual experience in one's mind (e.g., 

generating "pictures in the head"), in the absence of actual sensory input. Such imagery can 

potentially be evoked in any sensory mode, i.e., visual, olfactory, auditory, tactile etc. In the 

visual mode, extensive research has demonstrated both the existence of imagery as well as 

its importance for learning and memory. For instance, evidence for the presence of imagery 

is provided by studies that show that individuals can mentally scan (e.g., Kosslyn, Ball and 

Reiser 1978) and rotate (e.g., Shepard and Metzler 1971) visual images. A wealth of 

evidence also points to the superior memorability of information that is processed 

imaginally (e.g., Anderson 1978; Bower 1970,1972; Kieras 1978; Paivio 1969, 1971, 1986; 

Richardson 1983). As a result, researchers in marketing have also emphasized the use of 

visual imagery as a potent form of elaboration that enriches encoding of and memory for 
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visual/verbal information (Bone and Ellen 1992; Childers and Houston 1984; Lutz and Lutz 

1977,1978; Maclnnis and Price 1987; McGill and Anand 1989; Rossiter 1982; Unnava and 

Bumkrant 1991). 

Researchers in odor cognition are only now beginning to investigate whether analogous 

effects can be found in the case of olfaction. In other words, can individuals generate 

olfactory images at will and thereby enrich encoding? Lyman and McDaniel (1990; 

experiment 2) were the first to examine this issue. They hypothesized that if olfactory 

imagery was functionally equivalent to actual odor encoding, then it would enhance 

recognition of the relevant odors. By the same reasoning, visual imagery should facilitate 

picture recognition. However, if imagery in a particular mode shares features only wdth 

perception in the same mode, then imagery in one modality (olfactory vs. visual) should not 

assist recognition in the other modality. Accordingly, subjects were provided with the 

names of 20 common food and household substances and asked to imagine either the smell 

or the visual appearance of each. After 10 minutes, some subjects undertook an odor 

recognition task while others participated in a picture recognition task. As anticipated, 

picture recognition was better for subjects who had engaged in visual imagery while odor 

recognition was better for subjects who had attempted olfactory imagery. 

In another attempt to examine the existence of olfactory imagery, Carrasco and Ridout 

(1993) obtained similarity judgments from two groups of subjects for all possible pairs of 16 
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common odors. One group of subjects was provided with the actual odors in the form of 

scratch and sniff strips while another was asked to imagine each pair of odors prior to 

providing the rating. Since multidimensional scaling of the data from both groups revealed 

similar dimensions, the authors concluded that imagery indeed existed for olfaction. 

However, Crowder and Schab (1995) point out that the results of both of the above studies 

lend themselves to alternative interpretations. Specifically, they state that these results only 

suggest that the same type of processing was undertaken both during image generation as 

well as during exposure to actual odors. Thus, subjects in the Lyman and McDaniel study 

presumably engaged in the same kind of processing while attempting imagery and while 

examining the odors in the recognition task. Similarly, subjects in both groups of the 

Carrasco and Ridout study apparently utilized identical processing strategies. However, 

there is no unambiguous evidence that this processing was imaginal. In other words, any 

processing strategy (for example, semantic elaboration) could have given rise to the results, 

as long as it was conunon to both tasks. 

In an attempt to clarify such ambiguities and buttress the case for the existence of olfactory 

imagery, Crowder and Schab (1995) conducted 3 studies. In the first study, subjects were 

asked to learn a set of 15 common odors in preparation for a recognition test that was 

administered 10 minutes later. During this retention interval, subjects either did nothing, 

learned a second set of odors, attempted to form oIfactor>' images for the names of the 
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second set of odors, or attempted to form visual images for the same names. The authors 

argued that if individuals form olfactory images that are a close analog of actual odor 

experience, interference from the interpolated task should be similar for both subjects who 

examined new odors as well as those who imagined them (although, as the authors 

themselves admit, this reasoning suffers fix)m the same ambiguities that plagued the 

previous studies). Nevertheless, the results indicated a pattem that was counter to what was 

expected. Specifically, recognition accuracy was lower in the odor imagery condition than 

in the control and smelled odor conditions. The authors suggested that this pattem was more 

consistent with the notion that olfactory imagery was difBcult if not impossible and thus, 

drained the resources of subjects in the odor imagery condition. 

In a second study, the authors explored whether instructions to engage in olfactory imagery 

would lead to better odor identification. Subjects were asked to generate either olfactory or 

visual images for 50 object names. Subjects then undertook an odor identification task on 

20 odors (that corresponded to a subset of the initial object names), followed by a 

recognition test on all the object names. The authors foimd no differences between the two 

groups in odor identification. Further, the results revealed better recognition memory for die 

names in the odor imagery condition, which seemed to suggest that subjects instmcted to 

form olfactory images engaged in some form of semantic processing. 
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The third study examined whether the threshold at which subjects can detect the presence of 

an odor changes as a result of attempts to form olfactory images. Subjects were provided 

with 19 pairs of opaque bottles for each of six odors. One bottle in each pair contained plain 

water while the other contained the target odor in varying strengths. For each odor, subjects 

first examined the pair which included the most diluted version of the target odor and 

indicated which bottle contained the odor. Each successive trial presented the subject with 

increasingly stronger versions of the target odor until the subject was able to correctly select 

the bottle five times in a row. The strength at which this criterion was met represented the 

threshold value. Subjects then repeated the entire process for the next odor. While 

engaging in this process, each subject tried to form mental images of the target odor for 

three of the odors and did nothing for the other three. Attempting to generate images had no 

effect on odor detection thresholds. Based on the results of these studies, the authors 

concluded that individuals cannot really generate and maintain olfactory images. 

Taken together, the results described above do not provide convincing evidence for the 

ability of individuals to engage in odor imagery. We discuss potential implications of this 

lack of imageability for the learning of odor associations in the following subsection. 

2.5.3 Learning of Odor Associations 

A growing body of evidence suggests that associations involving smells are learned very 
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slowly (Engen 1987). This conclusion is based on findings that odors are relatively 

ineffective cues in paired-associate learning tasks. The paired associate learning paradigm is 

the method conventionally used in the visual/verbal domain for examining the learning of 

associations between two items. In this paradigm, subjects are usually presented with pairs 

of items for initial study. In order to examine whether learning of the link has occurred, 

subjects are then provided with one of the items as a cue and asked to indicate the 

corresponding item. If the goal is to examine when this learning does occur, researchers 

resort to the use of multiple testing trials. The consistent pairing of the two items (through 

corrective feedback) in successive trials typically leads to an increment in performance (thus 

indicating that the link is being learned). 

An examination of the associative power of smells was first undertaken as early as 1905 by 

Heywood and Vortriede. Subjects were provided with a series of color-odor pairs and asked 

to examine each color for five seconds while simultaneously inhaling the corresponding 

odor. Subjects were then given the odors in a difTerent order and asked to indicate the 

associated color. The same subjects were then asked to associate a series of colors with 

nonsense syllables and tested in a similar fashion. The authors found odors to be no better 

than nonsense syllables in cueing memory for colors. 

Bolger and Titchener (1907) replicated the 1905 study and found similar results. The 

authors fiirther specidated that perhaps the poor cueing ability of odors was due to the fact 
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that odors in the environment were difRised, rather than concentrated within containers. 

Thus, in a second study, they presented subjects with pictures that were scented by adding 

odors to cotton wool placed inside envelopes attached to the back of the pictures. Subjects 

were also presented with pictures that had simple geometrical figures drawn with ink in a 

comer. Additionally, subjects learned to associate a series of pictures with nonsense 

syllables. Recall of the pictures was tested using the scents, geometrical forms and nonsense 

syllables as cues. The authors foimd the odors to be no more effective than the nonsense 

syllables and distinctly less e£fective than the simple geometrical forms in aiding recall of 

the pictures. 

More recently, Davis (1975, 1977) discovered that simple visual free forms were much 

better than odors in cueing retrieval of numbers. Specifically, in Davis (1975; experiment 

1), subjects learned to associate the numerals 1 to 4 with either four common odors or with 

four black and white line drawings of standard electrical schematic symbols. Subjects 

undertook 10 trials on each of two consecutive days; in each trial, subjects were provided 

with the cues (either the odors or the line drawings) in random sequences and asked to 

provide the corresponding number, after which the correct numbers were revealed. The 

results showed that the links between the visual forms and the numbers were leamed quite 

easily. Performance was around 90% by the second trial itself and by trial 9, perfect 

performance was achieved (after A^ch only one error was made in all subsequent trials 

combined). In fact, the task was so simple that the experimenter had to dismiss the subjects 
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halfway through on the second day (i.e., after trial 15), "in the presence of openly expressed 

hostility and ridicule from the subjects". By contrast, associative learning was not 

accomplished well in the odor group. Performance was at the 75% mark on trial 9 and in 

trials 9-15, subjects committed 123 errors. These results are striking, especially since the 

odors used were common everyday odors while the visual stimuli were intended to be 

abstract and not meaningful. 

In an attempt to provide an even greater advantage for odors, Davis (1975; experiment 2) 

obtained familiarity ratings for a set of odors and free forms and used these ratings as the 

basis for the selection of two odor stimulus sets: six high-familiarity odors and six low-

familiarity odors, as well as one random set of six free forms (with average familiarity in the 

mid-range). Thus, in a second study (Davis 1975; experiment 3), subjects learned to 

associate either the high or low familiarity odors with the numbers I to 6 over ten trials on 

one day and the free forms with the same numbers on another day. Again, the free forms 

were best in aiding recall of the numbers, followed by the high-familiarity odors. 

In a subsequent study, Davis (1977) investigated whether the similarity of the items within a 

stimulus set had an impact on the relative effectiveness of odors and free forms in cueing 

memory for numbers. Over 16 trials, subjects learned associations between the numbers 1 

to 6 and six stimuli from one of the following five categories: similar odors, medium similar 

odors, dissimilar odors, similar forms and moderately similar forms. Subjects also returned 
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seven days later to participate in a combined recognition and recall test. Thus, subjects 

indicated whether each item in the recognition set was old or new as well as provided a 

number that they thought corresponded to each one. The results revealed that paired 

associate learning was best for the moderately similar fi:ee forms, followed by the dissimilar 

odors. Further, the similar forms and the moderately similar odors produced equivalent 

levels of performance on both paired associate learning and subsequent recall. Thus, visual 

forms led to comparable learning and retention, even when they were more similar to each 

other than the respective odors. Stated differently, associations to odors were acquired well 

only when the set of odors were highly distinctive. 

Additionally, Cain and his colleagues met with little success when they attempted to teach 

subjects the names of unfamiliar odors through paired associate learning (Cain 1980). 

Specifically, subjects (both adults and first-grade children) were provided with four familiar 

and four unfamiliar odors. The eight odors were provided in random order for two trials on 

each of three days and subjects were asked to identify the odors on each occasion. The 

researchers sought to raise the identifiability of the unfamiliar odors to the level of the 

familiar odors through corrective feedback on each trial. However, there was virtually no 

increment in identification performance for the unfamiliar odors over the three days. Cain 

thus concluded that the formation of new associations between odors and words is 

"sluggish". 
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Schab (1991) suggests that associations involving odors may be difficult to leam because 

odors suffer from at least two encoding limitations. First, as discussed earlier, both the 

speed and accuracy of smell identification is quite low. Further, as we have described, there 

is no clear-cut evidence that people can engage in imagery for odors. Thus, odor encoding 

may be effortfiil (a view that is consistent with the abovementioned findings of lackluster 

recognition memory for odors), which in tum could impair the learning of odor associations. 

In other words, odors may require more resources to process, leaving fewer resources to 

associate them with other stimuli (Schab 1991). 

2.5.3.1 Proactive Interference 

Another reason why the learning of new associations involving smells may be hampered is 

proactive interference. In other words, the first learned association prevails for odors and 

impedes learning of subsequent associations (Engen 1982, 1991). Lawless and Engen 

(1977) provided an experimental demonstration of this phenomenon, by directly testing for 

the presence of retroactive as well as proactive interference. 

The study involved three sessions and included two conditions (experimental and control) 

for testing retroactive interference and two conditions for testing proactive interference. The 

general experimental procedure was as follows. Twelve color pictures were placed on a 

display board in firont of the subjects. As subjects examined each of twelve odors, they were 
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asked to focus their attention on one particular picture and to memorize the specific 

combination. Subjects in the two experimental conditions participated in this process in 

both the first as well as the second session, with different pairings being used in each 

session. In the control conditions however, subjects underwent this process in either the first 

(for retroactive) or the second (for proactive) session alone. Finally, all subjects were tested 

two weeks after the first session. Subjects were provided with the odors in a random order 

and asked to indicate the picture that they thought corresponded to it. 

With regard to retroactive interference, the results revealed no difference between the 

experimental and control conditions, implying that both groups were equally able to 

remember the first odor-picture combinations. By contrast, there was a significant proactive 

interference effect. In other words, subjects in the control condition remembered the second 

odor-picture pairings much better than those in the experimental condition (who were 

presumably hindered by having to learn the initial pairings). The study thus showed that 

first learned associations to smells occupy a privileged place in memory, interfering with 

leaming of new associations while, at the same time, resisting interference firom them. 

The study's findings (regarding the minimal role of retroactive interference) are compatible 

with the earlier discussed findings of durability in odor recognition memory. In fact, it 

supports the speculation that was provided earlier, which suggested that a lack of retroactive 

interference was the reason underlying this durability. Further, these results are in sharp 
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contrast to findings in the visual/verbal domain (where, as we have mentioned, significant 

retroactive interference effects have been observed). 

The results of another study (Eich 1978) are also compatible with the conclusions drawn 

above. One of the goals of this study was to examine whether specific encoding of an odor 

was necessary for it to be an effective cue. In the literature on associative learning in the 

visual/verbal domain, a consistent finding is that the effectiveness of a cue depends on 

whether it is specifically encoded with the target item during the experimental task 

(Thomson and Tulving 1970; Tulving and Thomson 1973). For example, consider the word 

pair: glue-chair; although the two words may seem unrelated a priori, the word 'glue' can 

serve as a good cue for the target 'chair* when subjects are asked to relate the two in the 

experiment. In fact, under such circumstances, the word 'glue' is far more effective than a 

word such as 'table', even though the latter can be said to have strong pre-experimental links 

with the target word. 

In a similar vein, Eich (1978) selected six "strong" (i.e., pre-experimentally good associates 

for the target words) and six "weak" fragrance cues, based on associations generated by an 

independent group of subjects. The pre-experimental associative probabilities (i.e., the 

probability that the target word will be generated by the cue) for the 12 fiagrance cues were 

also computed using these ratings. Subjects were asked to learn a set of 77 words, which 

included the 12 target words. They then undertook a recall task for all the words. 
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Following this, subjects received both the strong and weak fr^rance cues and were asked to 

try to recall the respective target words. The author examined the extent to which the two 

sets of cues evoked target words that had been previously unrecalled. 

The results showed that the proportion of such recall for the two sets of cues was not 

significantly different from the respective pre-experimental probabilities. Thus, the author 

concluded that pre-experimental strength alone was sufficient to make a fragrance cue 

effective, without the need for specific encoding during the experiment. However, the 

author did not directly test whether the effectiveness of the "weak" fragrance cues could be 

improved through specific encoding (i.e., by requiring subjects to link them with the target 

words within the experimental setting). Nevertheless, the finding that the "strong" fragrance 

cues were quite effective even without being specifically encoded is consistent with the 

notion that existing associations to odors are quite strong. Also, for our purposes, it should 

be noted that the encoding specificity effect in the visual/verbal reahn suggests that new 

associations involving visual/verbal elements can be readily learned. In other words, the 

fact that the word glue is so effective for the target chair implies that the associations 

between the two were learned during the experimental task. 

In sum, resistance to learning new associations and persistence of initial associations 

characterize smell-related learning. Thus, learning associations involving smells may be 

harder than learning associations between visual and verbal elements. In a brand learning 
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situation, one strategy that might circumvent the handicaps to learning new associations 

involving smells might be to construct a product offering with visual/verbal elements that 

capitalize on preexisting smell associations. These propositions form the core of our 

research and are detailed in the next chapter. First however, we need to address a final issue 

relevant to our research, viz., the notion of congruency. We explain this concept and 

describe studies pertaining to it in the following section. 

2.6 Congruency and its Effects 

Congruency occurs when two or more pieces of information are considered by an individual 

to fit together, i.e., are in accordance with the individual's expectations. Incongruently 

combined information, on the other hand, is viewed as discrepant, based on the individual's 

preconceptions. The pieces of information can either be made available simultaneously or 

sequentially. Thus, for instance, the visual and verbal components of an advertisement 

(which are usually available simultaneously) can either communicate a uniform message or 

convey conflicting messages (Heckler and Childers 1992; Houston, Childers and Heckler 

1987). In the sequential case, individuals are provided with information that activates a 

particular schema (i.e., stored knowledge about a concept) firom memory and thus, sets them 

up to have expectations regarding information to follow. The subsequent information that is 

presented then either conforms to or deviates fix)m these expectations (e.g., Sujan, Bettman 

and Sujan 1986). As noted earlier, congruency, in the context of our research, relates to 



62 

compatibility between multiple sensory elements of a brand. 

Research in marketing and psychology has examined the effects of congruency in various 

contexts. We partition our review of this literature based on whether the information in 

question was wholly within the visual/verbal realm or also included odors. 

2.6.1 Studies in the Visual/Verbal Domain 

The person memory literature in social cognition is one area where the notion of congruency 

has been examined extensively (e.g., Hastie 1980; Hastie and Kumar 1979; Srull 1981; Srull 

and Wyer 1989). The typical procedure in this field involves the provision of subjects with 

personality descriptors that create a general impression of a hypothetical individual (e.g., is 

fiiendly). Subjects are then given information on specific behaviors that either fit or 

contradict this profile (e.g., either answers or does not answer a stranger who asks for the 

time). The general finding is that memory for the behaviors is better when they are 

incongruent than \\iien they are congruent with the described personality. The explanation 

provided is that the extra elaboration needed in the attempt to reconcile the incongruent 

behavior leads to this enhancement of memory. 

In the context of affective evaluations, Mandler (1982) suggests that there may be 

differences based on the extent of incongruity with expectations. Thus, congruent stimuli 
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may be reasonably well-liked because they match a person's expectations while extremely 

incongruent stimuli may be disliked because of the violation of expectations. However, 

evaluations may be best for moderately incongruent information. This is because the 

attempt to resolve the incongruity may be inherently satisfying, if the attempt is successful 

(which is more likely in the case of moderate vs. extreme incongruity). 

These predictions have been tested in various contexts in marketing. For example, Sujan, 

Bettman and Sujan (1986) found that consumers processed product information more 

thoroughly when a hy;x>thetical salesperson was seen as atypical in light of prior 

descriptions. In a similar vein. Heckler and Childers (1992) found that unexpected visual 

information in advertisements led to greater elaboration and memorability. This superiority 

for advertisements in which the picture and copy were discrepant was also demonstrated in a 

previous study, but only when the depiction included an interactive link between picture and 

brand name (Houston, Childers and Heckler 1987). Ozanne, Brucks and Grewal (1992) 

showed that the depth of information search by consumers was greatest for new products 

that were moderately discrepant from existing product category expectations. With regard 

to product evaluations, Meyers-Levy and Tybout (1989) found that new products that were 

moderately incongruous with prior expectations received the most favorable evaluations, 

compared to congruous as well as extremely incongruous products. Similar results were 

obtained in another study in the context of fictitious brand extensions by established brands 
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(Meyers-Levy, Louie and Curren 1994); thus, extensions into product categories that were 

viewed as moderately incongruent with the existing brand were most favored. 

However, Keller (1993), while acknowledging that the unexpectedness of inconsistent 

information can sometimes lead to stronger associations, stresses the potential benefits of 

congruency among the various associations of a brand. For example, he suggests that it is 

generally easier to encode as well as retrieve incoming brand information that is congruent 

with preexisting brand associations. Further, congruent associations may combine to 

provide a more cohesive overall brand image, which is important to ensure that consumers 

have clarity regarding the meaning of the brand. 

The notion that congruency can be beneficial is not entirely incompatible with the earlier 

results, because, as we have mentioned, congruency can be facilitative in comparison to 

extreme incongruity. Accordingly, Stayman, Alden and Smith (1992) found that consumers' 

evaluations upon trial of a product were more favorable when the experience matched prior 

category expectations than when it was very different &om expectations. The notion that 

congruency may have facilitative effects also receives support fix>m the findings of Ratner 

and McCarthy (1990). The study showed that colors were remembered better when they 

were used in an appropriate depiction (e.g., a red stop sign) than when they were used in an 

inappropriate depiction (e.g., a blue stop sign). 
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Thus, it appears that whether facilitative or inhibitory effects are obtained due to 

(in)congruency may depend on a variety of factors such as the extent of incongruency, the 

nature of the task, the complexity of the information involved (as the benefits arising from 

incongruency were predicated upon the need for elaboration) etc. It may therefore be more 

frxiitfiil to examine literature related to the specific pieces of information of interest in our 

research, namely, colors and words. 

The standard Stroop (1935) interference paradigm in psychology (e.g., Zajano and Gorman 

1986), where subjects are provided with the names of colors in incongruent colors and asked 

to indicate the colors in which the words are displayed, shows that incongruency interferes 

by delaying the color naming process by a few seconds. While this may be consistent with 

the notion that congruency can be beneficial, it should be noted that the variable being 

examined in this paradigm is the latency of response to a color naming task. However, the 

variable of interest in our research is learning and more specifically, the learning of 

associations between the multiple informational elements. 

An interesting adaptation of the Stroop procedure to test associative learning (Musen and 

Squire 1993) comes to our aid in this regard. In one experiment (experiment 1), the names 

of colors were displayed in incongruent colors and subjects were asked to name the color in 

which the words were printed as quickly as possible. Each word was combined with the 

same incongruent color for six repetitions, after which a different combination was used for 
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the next six trials. The results revealed a sharp drop in naming latencies starting from the 

second trial itself and showed a sudden increase once the combinations were changed. This 

suggests that the associations between the colors and words were leamed rapidly, despite the 

incongruency between the two modes. 

In a subsequent study (experiment 4), the authors examined whether learning of these 

associations was dependent on immediate memory. In other words, since only ten seconds 

elapsed from one trial to the next, subjects could have held the associative infomiation 

actively in memory. Thus, the procedure was modified such that, after six trials, a five 

minute delay was introduced. After this delay, six more trials using the same associations 

were conducted. As before, the results showed a steady improvement m reaction times over 

the first six trials; fiirther, this level of performance was sustained even after the delay. 

In sum, while studies in the visual/verbal domain generally point to the possibility of 

obtaining facilitative effects from both congruency as well as incongruency, the Musen and 

Squire studies suggest that the learning of color-word associations, which is the issue of 

direct interest in this research, may not be contingent on congruency. 

2.6.2 Studies Involving Odors 

We now turn to an examination of literature on congruency in relation to odors. In 
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marketing, the two recent studies on odor effects discussed previously (i.e.. Bone and 

Jantrania 1992; Mitchell et al. 1995) did explore one type of congruency, viz., congruency 

between the smell and the product category. In Mitchell et al. (1995), products with 

inherent odors were used. Thus, (in)congruency was determined based on a direct 

(mis)match between product and odor (i.e., chocolate odor when subjects examined candy 

and floral odor when they examined flower assortments or vice versa). In Bone and 

Jantrania (1992), appropriateness (i.e. congruency) of the odor for the product was based on 

individuals' expectations for the product category (presumably derived from prolonged use 

by marketers in products and their advertisements). Thus, for instance, a lemon odor would 

conform to expectations for a cleanser, since the odor is typically associated with cleaning 

power. 

However, the type of congruency that is of interest in our study is not congruency between 

odor and product category but rather, congruency among various elements of a brand. In 

this regard, the studies that examined the impact of contextual cues on odor identification 

(e.g., Davis 1981; Zellner et al. 1991) may be more relevant. As we have mentioned, these 

studies examined the role of appropriateness of a color cue for a smell (e.g., yellow for a 

banana odor) and found that eq)propriate cues facilitated identification of the smell. Further, 

Zellner et al. (1991) found that the increased identifiability of these smells (i.e., smells with 

appropriate accompanying cues) also led to increased liking for the odors. Nevertheless, it 

should be noted that the congruency effects described in these studies only relate to odor 
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identification. Thus, while the results may have implications for the encoding of odors, the 

studies did not directly test the impact of congruency on memory for the odors and colors. 

The only exploration of cross-modal congruency effects on memory are two studies by 

Gabassi and Batic. In the first study (Gabassi and Batic 1987), subjects examined either 

nine fiuit odors along with their corresponding names, the nine odors with the names 

mismatched or the names of the nine odors alone. Immediately after the stimuli were 

presented, subjects were tested on recall of the odor names. The results revealed no 

significant differences between the groups on recall performance. Thus, there were no 

facilitative (interfering) effects of (in)congruency on odor name recall. The authors 

suggested that the absence of any odor effects on memory for visual/verbal information 

implies a dominance for visual/verbal information in perception and encoding. 

In a follow-up study (Batic and Gabassi 1987), a within-subjects manipulation was 

presented. Specifically, all subjects examined seven finit odors and simultaneously read 

seven names of firuits. However, five odor-name pairs were combined appropriately while 

the remaining two odors were given inappropriate &uit names. Subjects were again given a 

verbal recall test but it was emphasized that the test involved recall of the odors. The 

comparison of interest related to recall of the two mismatched pairs. In other words, the 

authors contrasted mean recall of the names provided in the mismatched pairs with mean 

recall of the actual odor names. Recall of the provided names was significantly higher than 
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recall of the actual odor names. This finding was also interpreted to indicate a dominance 

for visual/verbal information in memory. 

While this notion of visual/verbal dominance is an intriguing explanation, the use of verbal 

recall tests in these studies makes the drawing of clear conclusions difBcult. This is because 

verbal recall favors labels; therefore, the responses produced may have been influenced by 

the test format. In other words, subjects may have simply reported the labels they saw, 

regardless of how the odors were actually encoded. As we discussed earlier, the recognition 

paradigm provides a clearer test of odor encoding than recall (Schab and Crowder 1995). 

Also, the focus ui these studies was on memory for the odor names in isolation and not on 

the learning of associations between odors and other elements. Our study marks the first 

attempt to examine the impact of congruency among elements in olfactory and visual/verbal 

modalities on the learning of associations among them. 

2.7 Summary 

In this chapter, we reviewed literature in the fields of marketing and psychology that 

pertained to various issues of relevance to our research. Thus, we discussed applicable 

findings in the areas of brand knowledge formation, odor effects on consumer judgment and 

decision making, odor cognition and congruency. While valuable insights were gleaned, it 

is evident that there is a paucity of research on the cognitive effects of odors, especially in 
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marketing. In particiilar, no study has hitherto examined the issue of direct interest in this 

study, viz., the learning of associations between various sensory elements of a brand. 

Nevertheless, extant research (primarily from odor cognition in psychology) helps us to 

motivate our hypotheses, which form the focus of the next chapter. 
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CHAPTER 3 

HYPOTHESES 

3.1 Overview 

In the preceding chapter, we reviewed the literature on odor cognition and observed that the 

processing of odors was unusual in many respects. Two main points of departure from 

conventional expectations in the visual/verbal domain were ambiguity in 

perception/identification and proactive interference from initial associations. These two 

characteristics guide the development of our hypotheses, the delineation of which represents 

the purpose of this chapter. 

As we have mentioned, the realm of interest in our research is the learning of associations 

between elements of a product offering and therefore, in a broad sense, all our hypotheses 

fall within this rubric. We begin with an exploration of the relative contribution of olfactory 

vs. visual/verbal elements toward shaping encoding of a product offering. We then exanfiine 

associative learning among the elements within the specific context of congruency. Finally, 

we raise the possibility that the predicted effects for congruency may vary based on the 

order in which consumers are exposed to the different elements in the product offering. 
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3.2 Dominance of the VisualA^erbal Elements in a Product Offering 

In this section, we postulate that the previously mentioned hardships in learning smells and 

their associations will imply a dominant role for the visual/verbal components in the 

encoding of a product ofTering. Accordingly, we examine the relative ease with which links 

within the visual/verbal domain are forged, in comparison to links between olfactory and 

visual/verbal elements. We then explore some corollary effects that might derive from the 

potentially greater strength and accessibility of visual/verbal links. 

3.2.1 Painvise Learning 

From our earlier discussion, it is evident that the learning of smells and their associations is 

plagued by many problems (such as mediocre smell identification, slow learning of 

associations with interference from initial associations etc.). Further, these handicaps appear 

to be unique to the olfactory mode; similar restrictions do not seem to hamper learning in the 

visual and verbal domains. For example, there is little ambiguity in the perception and 

naming of common colors (Dorcus 1932; Engen 1987). Also, memory in the visual and 

verbal modes is characterized more by retroactive than proactive interference. In other 

words, new associations are learned quite readily and tend to diminish the strength of earlier 

ones (Engen 1991). 
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The ease of learning new associations between colors and words was detnonstrated in a 

recent study. Musen and Squire (1993; experiment 2) selected words that were not strongly 

associated with any particular color (e.g., sock, window) and presented them to subjects in 

different colors. Subjects were required to name the color in which each word was 

displayed as quickly as possible. The same color was used for each word for the first six 

trials after which a new set of word-color combinations was used for the remaining six trials. 

Response times decreased rapidly with repetition and abruptly increased when the 

combinations were changed, suggesting that subjects quickly learned the associations 

between the words and the colors in which they were displayed. These results, when 

combined with the evidence regarding the slow learning of smell associations, suggest that 

associating the color and the label of a product might be an easier task than linking the 

product's smell with either the color or label. Thus, 

HI: The association between the visual and verbal elements in a product offering 
will be learned better than the associations between the smell and visual or 
verbal elements. 

3.2.2 Confidence in Pairwise Learning 

Researchers examining consumer knowledge (e.g., Brucks 1985) have identified two 

aspects of knowledge, viz., objective (i.e., what individuals actually know) and subjective 
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(i.e., what individuals think they know) knowledge. In the previous subsection, we dealt 

with objective knowledge of associations. We now focus on a concept that taps subjective 

associative knowledge, namely, consumers' confidence in their knowledge of the 

associations between various brand elements. 

Cain (1980) found that subjects' metacognition regarding their identification of smells was 

quite accurate, i.e., subjects knew the quality of the names they had provided and knew 

when a better name came to mind. Similarly, de Wijk et al. (1995) note that people are 

usually not very confident of their response when they misidentify a smell. Given that 

identification of smells, while central to encoding, is often impaired, it seems likely that 

confidence in one's knowledge of a smell and its associations will be low. Further, since 

colors and labels are not characterized by the same ambiguities as smells, individuals should 

be more confident of the color-label pairings in products. Thus, 

H2: Consumers will be more confident in their knowledge of the association 
between the visual and verbal elements in a product offering than in their 
knowledge of the associations between the smell and visual or verbal 
elements. 

3.2.3 Retrieval Strategy 

The literature on memory provides a distinction between the availability vs. accessibility of 
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information in memory (e.g., Tulving and Pearlstone 1966). Any information that has been 

encoded is technically available from memory; however, the ease with which this 

information can be accessed depends on the strength/clarity of the encoding. Thus, 

information that is not encoded very strongly will be accessed slowly or not at all, even 

though it may be available in memory. 

In our context, if indeed the links between the visual and verbal elements of a brand are 

forged more strongly in consumers' minds than associations involving smells, this is likely 

to be reflected in the way consumers retrieve brand information from memory. Specifically, 

since the visual/verbal links should be readily accessible, consumers should be more prone 

to access these associations first and then try to retrieve the corresponding smell 

associations. Thus, 

H3: Consumers' preferred strategy in retrieving the elements of a product 
offering from memory would ^ to access the association between the visual 
and verbal elements first before accessing the associations between the smell 
and visual or verbal elements. 

In the above hypotheses, we have suggested that memory for a multimodal product offering 

might be characterized by clarity in the encoding of visual/verbal associations but greater 

uncertainty in regard to olfactory associations. Next, we examine the impact of congruency 
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among the elements on consumers' ability to associate the olfactory component with the 

visual/verbal components in the product. 

3 J Role of Congruency among the Elements in a Product Offering 

When a product offering is composed of multiple sensory elements (e.g., visual, verbal, 

olfactory), one aspect that may be pertinent to brand learning is the cong^ency between 

each pair of modes. As we have mentioned, congruency exists when the elements in a pair 

conform to consumers' expectations whereas incongruency refers to combinations that 

deviate from consumers' preexisting knowledge structures. 

3.3.1 Congruency and Overall Learning 

Congruency between the smells and the visual/verbal elements may have a significant 

impact on brand learning. As stated earlier, identification of smells is ambiguous and can be 

influenced by accompanying verbal and visual cues (Cain et al. 1994; Davis 1981; Zellner et 

al. 1991). Thus, a congruent visual/verbal element may facilitate while an incongruent 

element may interfere with identification of the product's smell. Further, since identification 

is pivotal to proper encoding of the smell (e.g., Rabin and Cain 1984), congmency may 

impact learning of the brand as well. For example, naming a pine-scented cleaner "Pinesol" 

might help clarify the identity of the scent and thereby, aid learning of the brand concept. 
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Also, as indicated earlier, learning new associations to odors is slow and is hindered by any 

prior associations (Cain 1980; Davis 1975, 1977; Lawless and Engen 1977). Use of 

congruent visual/verbal elements may circumvent this problem because congruency draws 

on existing associations and does not force the learning of entirely new associations to the 

smells. This might minimize interference from existing smell associations and make 

learning of the brand easier. For example, if a rose-scented soap is colored red, the 

combination coincides with consumers' prior beliefs and this compatibility may reduce the 

potential for conflict with preexisting smell associations and thereby, assist brand learning. 

In short, congruency among the elements is likely to facilitate association of odors with the 

visual/verbal elements for two reasons. First, a congruent visual or verbal cue can act as an 

aid to identification of the smell, thereby helping encoding of the smell and increasing the 

likelihood that the elements will be successfully encoded as a unit. Second, congruent 

visual/verbal elements help to create a brand concept within the context of existing smell 

associations and therefore obviate the need for learning radically new associations that 

conflict with previous relationships. 

Further, when both the visual and verbal elements are congruent with the smell, there is 

maximum facilitation in brand learning because of assistance in smell identification and 

minimal opposition fit)m prior associations. When only one element is congruent with the 
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smell, while the congruent element bolsters smell identification and draws on existing links, 

the incongruent element may create interference. Therefore, consumers' ability to learn the 

brand might depend on the number of cues that are congruent with the smell. Hence, 

H4: Learning of a product offering will be a) best when both the visual and the 
verbal elements are congruent with the smell; b) moderate when one 
element, either visual or verbal, is congruent with the smell; c) worst when 
neither the visual nor the verbal element is congruent with the smell. 

3.3.2 Congruency and Pairwise Learning 

We have suggested that congruency will help learning of the overall offering by facilitating 

the association of smells with the visual/verbal elements. Analogously, pairwise learning 

between the smell and another element (be it visual or verbal) should be aided by 

congruency with that element. This effect is anticipated to occur for the same reasons as 

those indicated above, namely, assistance in identification and minimization of proactive 

interference. 

However, given the lack of perceptual ambiguity for colors and the relative ease of learning 

new associations between colors and words, congruency might not be as critical for the 

learning of color-label associations. Support for this position comes from the 

aforementioned results of Musen and Squire (1993; experiment 1), which revealed rapid 
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learning of the links between colors and words notwithstanding the fact that the two modes 

were incongruent Thus, we predict that congruency might not be crucial for the learning of 

visual/verbal associations but will facilitate learning of pairings involving smell. 

HSa; The association between the smell and the visual element in a product 
offering will be learned better when the two elements are congruent than 
when they are incongruent. 

H5b: The association between the smell and the verbal element in a product 
offering will be learned better when the two elements are congruent than 
when they are incongruent 

HSc; Learning of the association between the visual and verbal elements in a 
product offering will not be affected by congruency. 

Thus far, we have discussed the impact of (in)congruency on overall and pairwise learning. 

We now tum to another potential effect of incongmency, namely, cue alignment. 

3.3.3 Incongmency and Cue Alignment 

By alignment, we refer to the situation whereby the sole incongruent cue in an offering is 

interpreted in accordance with the congruent elements. When the smell is the incongruent 

cue in the product, alignment of the smell with the visual/verbal elements may take place 

either at encoding or during retrieval. 
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As noted earlier, smell identification is ambiguous and is easily influenced by contextual 

cues. Several researchers have suggested that surrounding cues (whether accurate or not) 

can drive the perceptual experience of smells (Cain 1980; de Wijk et al. 1995; Engen 1987). 

Therefore, when the smell is incongruent and both the visual and verbal elements point in 

the same direction (i.e., are congruent with each other), the smell may be misperceived to 

conform with the other elements. Thus, ambiguity in identification may lead the smell to be 

aligned with the visual/verbal elements during encoding of the product offering. 

The same effect may be manifested for an alternative reason as well. Since proactive 

interference impedes the learning of new associations to smells, the incongruent smell may 

not be successfully linked to the visual/verbal elements. Thus, recall/recognition of the 

brand might be guided by prior olfactory associations for the visual/verbal elements. In 

other words, during retrieval, consumers might falsely relate the visual/verbal elements with 

a congruent smell, based on previously leamed associations that exist in memory. 

However, a similar effect may not be observed in the case of visual or verbal stimuli, 

because visual/verbal elements do not suffer from either perceptual ambiguity or proactive 

interference. In other words, it might be difficult to misperceive a color/label, even when it 

is incongruent with the other brand elements. Further, even associations that are 

incongruent are readily leamed in the visual/verbal domain. Thus, when the color or label is 

the incongruous element, it may not be automatically aligned with the other two elements. 
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H6: Alignment of the sole incongment cue with the congruent elements in a 
product offering is more likely viien the cue is a smell than when it is a 
visual or verbal element 

In simi, we have postulated that smells may need congruency with other components for 

learning to occur. Further, in the absence of such congruency, smells may, in some 

instances, display a tendency to align with the other components. 

3.4 Role of Order of Exposure to the Elements in a Product Offering 

One issue that might relate to the encoding of odors (and to the role of congruency in 

facilitating such encoding) is the order in which consumers are exposed to the different 

elements of the product. However, the literature is ambivalent on this subject. In the case of 

research investigating the influence of color on odor identification, various studies have 

provided the two elements to subjects in different sequences. For instance, in the Davis 

(1981) study cited earlier, subjects were exposed to the color after initial identification of the 

smell and the results revealed facilitation (or interference) from the color in subsequent 

identification. Zellner et al. (1991), on the other hand, exposed subjects to the colors prior 

to revealing the smells and demonstrated facilitative effects of appropriate (vs. 

inappropriate) colors on smell identification. Taken together, the results of these studies 

would seem to suggest that the impact of color on odor perception/identification is not 
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contingent on the order in which the di£ferent pieces of information are processed by the 

consumer. However, given the adhoc nature of the comparison, this is clearly not a 

definitive conclusion. 

The arguments proposed regarding the potential impact of verbal labels on odor perception 

are similarly equivocal as regards the role of order of exposure. For example, de Wijk et al. 

(1995; also Cain 1980) argue that availability of a label after the odor has been experienced 

can have a significant impact on smell perception. Specifically, they suggest that, at first, 

the odor might be partially perceived to the extent where individuals can profile the quality 

of the odor, but once the label is provided, the perception may take on a new clarity. Engen 

(1987), on the other hand, suggests that having the label available before the odor is smelled 

changes the perceptual problem (firom unaided perception to one of simply matching the 

smell to its name), thereby making perception easier. It thus appears that visual and verbal 

cues can influence odor perception, regardless of the order in which the elements are 

experienced. We directly test this issue by exposing subjects to the smells either before or 

after they see the other elements. 

3.5 Summary 

In this chapter, we described the hypotheses of interest in our research, under two main 

categories. In the baseline scenario, we proposed that the visual/verbal elements of a 
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product offering might dominate the smells during formulation of the brand concept. We 

then made predictions regarding the influence of congniency among the elements on the 

manner in which smells might be incorporated into the brand concept. We also introduced a 

factor of secondary interest, viz., the order of exposure to the elements of the brand. Next, 

we tum to a discussion of the methodology employed in implementing the research. 
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CHAPTER 4 

METHODOLOGY 

4.1 Overview 

An experiment was conducted to explore the learning process of multimodal brands and 

to specifically investigate the role of congruency among the olfactory, visual and verbal 

elements in their encoding as a unit. Subjects examined the scents, colors and labels of 

three brands of bath oils and rated the appeal of each brand. The sequence in which 

subjects examined each aspect of the brands and the combinations that represented each 

brand were varied. Following a distractor task, subjects were given 27 alternatives and 

asked to select the three brands that had been provided to them earlier. Finally, subjects 

provided responses for various supplemental measures (e.g., confidence ratings, retrieval 

strategy, manipulation checks, covariates). 

In the sections that follow, we provide details of the methodology outlined above. We 

begin by explaining the design and manipulations used in the study. We then profile the 

subjects who participated in the experiment. Next, we elaborate on the steps undertaken 

in the development of the experimental stimuli. Following this, we describe the 

procedures employed in conducting the study. Finally, we discuss the operationalization 

of the dependent variables of interest in our research. 
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4.2 Design and Manipulations 

The study involved a 5 (congruency) X 2 (order of exposure) fully crossed between 

subjects factorial design (refer Table 4-1 for a summary of the manipulations). A full 

factorial (i.e., between subjects) design was chosen to minimize the salience of the 

manipulations in the eyes of the subjects. In other words, exposure to multiple levels of 

each manipulation was avoided because it might highlight the nature of the factors being 

studied and thereby, introduce the possibility of the results being contaminated by 

demand effects. 

Since the study of congruency was of central interest in this research, our goal was to 

develop a comprehensive manipulation for this factor. Given our focus on a triad of 

brand elements (olfactory, visual, verbal), the range of possible options in terms of 

congruency among these elements was as follows: congruency could either be entirely 

absent, present only between a pair of elements or present in the triad as a whole. Thus, 

congruency among the three elements was varied using the following five levels: (i) all 

congruent (AC, i.e., the smell, label and color were all congruent with each other), (ii) 

smell-label congruent (SL, i.e., the color alone was incongruent), (iii) smell-color 

congruent (SC, i.e., the label alone was incongruent), (iv) color-label congruent (CL, i.e., 

the smell alone was incongruent) and (v) none congruent (NC, i.e., no pair was 

congruent). 
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In contrast to congruency, order of exposure was an exploratory factor and of only 

secondary interest in our research. Thus, although there are six possible orders in which 

an individual might examine three brand elements, we chose not to consider all of them 

for fear of unduly complicating the study design. Instead, since our purpose in including 

this factor was simply to examine whether the presence of cues before vs. after exposure 

to the smell made a difference, we selected two orders that ensured that one group had 

access to the visual/verbal elements before they smelled the product while another group 

experienced the odor prior to seeing the visual/verbal elements. Specifically, for the 

order of exposure manipulation, subjects were exposed to either (i) the labels first, 

followed by the colors and then the smells or (ii) the smells first, then the colors and 

finally the labels. These two sequences not only placed the smell first vs. last but also 

provided variation within the visual/verbal elements. In other words, these orders also 

ensiu-ed that one group saw the color before the label while the second group saw the 

label and then the color. Given the exploratory nature of this factor, selecting the most 

dissimilar sequences was deemed desirable in order to provide maximum scope for an 

effect to emerge. 

4.3 Subjects 

174 undergraduate busuiess students from an introductory marketing class at the 

University of Arizona participated in the experiment. Subjects received credit for their 
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participation. The group was roughly equally divided in terms of gender and ranged in 

age from 19 to 47 years. Since our experiment required individuals to process odors, 

subjects were screened for colds or allergies before being included in the study. Subjects 

were randomly assigned to one of the ten conditions of the experiment, with each 

condition containing between 16 and 19 subjects. 

4.4 Stimulus Development 

The stimuli provided to the subjects consisted of three different scent, color and label 

combinations representing fictitious brands of bath oils. Details regarding the selection 

of the product category and the actual stimuli used in each condition are provided below. 

4.4.1 Choice of Product Category 

Bath oil was chosen as the category for several reasons. First, the smell is a key factor in 

differentiating among products in the category. Use of such a category was important 

given that the primary goal of our research was to examine multimodal encoding 

processes in situations where smells played a key role in product definition. Second, the 

category is not dominated by a few national brands; instead, there are many lines 

marketed by specialty store chains. Thus, consiuners may not have strong category 

expectations and a wider variety of names, colors and scents may be deemed acceptable 
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for the category. This feature was considered desirable because we wanted a relatively 

neutral setting that was conducive to encoding of the product elements rather than a 

situation where consumers speedily evaluate the appropriateness of the elements (which 

might happen in the case of categories tied to strong preconceptions). This feature also 

allowed greater latitude in stimulus selection at the pretesting stage. Third, the label, 

color and smell represent a sizeable portion of the information available to consumers in 

making their choice. This characteristic was useful because it meant that, without 

complicating the stimuli beyond the factors of interest, we could still achieve a high 

degree of realism. Finally, bath oils usually include essential oils in a fairly concentrated 

form (more so than, for example, body oils). This meant that we could directly introduce 

essential oils as the product (i.e., use them not merely as the scenting mechanism but as 

the product itself). This was convenient because it would allow us to keep the scents 

pure without mixing them with other oils/substances and yet, have stimuli that represent a 

close analog of the product in terms of product appearance/potency. 

4.4.2 Pretests 

The final stimuli were selected based on a series of pretests. The ultimate goal of the 

successive rounds of pretests was to identify stimulus combinations involving the three 

modes in keeping with the various congruency conditions. 
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A set of ten scents in different categories (minty, woody, spicy, sweet, fruity, citrus, 

musky, floral, evergreen and herbal) was created by combining three essential oils for 

each scent (e.g., peppermint, spearmint and wintergreen for minty; see Table 4-2 for the 

complete list). The categories were generated based on literature describing common 

fragrance families (e.g.. Consumer Reports, December 1993). We also followed 

convention in the commercial world by developing composite scents (i.e., most scents for 

functional products as well as fragrances are derived from multiple ingredients, hence we 

followed a similar procedure). The essential oils were obtained from a local store 

specializing in body care products. 

4.4.2.1. First Round of Pretests 

The first task was to determine whether the scents were good exemplars of their 

respective categories and would thus be uniformly characterized by different individuals. 

This task was given priority because, at a minimum, we needed to ensure that there was 

consistency across subjects in defining a scent; only then could we evaluate the 

appropriateness of specific colors and labels for the scent. In order to circumvent the 

problems in unaided smell identification, it was decided to make the task one of matching 

smells to the category names, as prior research has shown that this fomiat greatly eases 

the burden imposed by impoverished identifiability (e.g., Cain 1979). Thus, a group of 
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37 subjects was provided with the scents and the ten categories and was asked to select 

the category that best described each scent. Each subject examined five of the ten scents. 

A second criterion used as a basis for screening the scents was the color associations that 

they engendered. Given the potential for heterogeneity in color associations, it was 

considered important to ensure that there was consensus among subjects in the colors 

they would associate with a scent, before the scent was deemed acceptable for further 

consideration. Thus, a second group of 25 subjects was provided with the scents and a 

list of colors and asked to choose the color that was most appropriate for each scent. As 

before, each subject examined five of the ten scents. 

An examination of the results of the two tests (see Tables 4-3 and 4-4) revealed a wide 

disparity in responses regarding the appropriateness of categories and/or colors for the 

following scents: woody, herby, sweet and fhiity. Further, the category of "musky" was 

assigned with high frequency to both the musky and sweet scents (thereby indicating a 

lack of uniqueness in associating the category with a scent). Therefore, these five scents 

were eliminated from further consideration. 

In simi, this round used preliminary tests to narrow down the set of items that would 

undergo further screening. A subset of five scents (spicy, citrus, floral, minty and 
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evergreen) that obtained the most consistent responses in the two tests was chosen for the 

next round of pretests. 

4.4.2.2. Second Round of Pretests 

The next step was to introduce names for the scents. Existing brand names were not 

utilized for fear that prior knowledge and familiarity with them might influence the 

results; instead, fictitious brand names were created for each of the five scents (namely, 

cinamy, citron, flora, menthe and pinea). These verbal labels were chosen to be simple 

yet effective in cueing the identity of the smell. 

The efficacy of the labels in connoting the respective scents was tested by providing 13 

subjects with 10 labels (including the 5 target names) and asking them to indicate the 

most appropriate label for each of the five scents. Another group of 13 subjects was 

asked to select the most appropriate color for each scent firom a list of 10 colors (while 

color associations for the scents had already been examined in the previous round, the 

test was repeated using only the subset of five scents, for the sake of comparability with 

the remaining tests in this round). Both groups were subsequently required to choose the 

most appropriate color (from the same list of 10 colors) for each of the five target names. 



92 

The results (presented in Tables 4-5, 4-6 and 4-7 respectively) were examined for 

correspondence among the modal responses for an item across the three pairwise tests. In 

other words, our goal was to check if ail three tests uniformly pointed to the suitability of 

a particular scent/color/label combination. Based on this consideration, two items 

appeared to be less than ideal candidates. In the case of the floral scent, not only was 

there wide variation in responses while assigning a color to the scent, but also the color 

that was indicated most frequently for the corresponding name (i.e., pink for flora) was 

not the modal response when rated for the scent. In the case of the evergreen scent, one 

of the alternate labels (i.e., woodsy) was indicated more often than the target name 

(pinea). 

In sum, only the five items that survived the first round of screening were considered in 

this round. Labels were introduced for this subset and uniform procedures were used to 

examine pairwise appropriateness for all three pairs of modes (i.e., all tests involved 

selection of a response from a list of ten items for each of five stimuli). Three 

combinations (i.e., minty/green/menthe, spicy/red/cinamy and citrus/yellow/citron) that 

obtained the most consistent responses across all three tests were identified as potential 

target stimuli. 



93 

4.4.2.3. Final Round of Pretests 

A final round of pretests was conducted to confirm the selection of the target stimulus 

combinations. The tests in this stage served to identify incongruent pairings of the 

stimuli as well. To this end, while the tasks were, in principle, similar to those in the 

previous round (i.e., they examined pairwise appropriateness for the three modes), the 

format of the tasks was changed. Thus, this round utilized more stringent tests that 

required subjects to rate the degree of appropriateness of all peiirwise stimulus 

combinations using interval scales. 

Specifically, 25 subjects rated the degree of appropriateness of each of four colors (red, 

green, yellow, pink) for the five names on 7-point scales (I = not at all appropriate; 7 = 

extremely appropriate). Another group of 28 subjects rated the degree of appropriateness 

of the same four colors for the five scents on similar 7-point scales. A final group of 21 

subjects rated the appropriateness of each of the five names for each of the scents on 7-

point scales. The results of these tests (shown in Tables 4-8, 4-9 and 4-10) were 

examined with the goal of selecting items with clearly appropriate (high) and 

inappropriate (low) scores. In other words, we needed to identify stimuli which had a 

significant gap between appropriate and inappropriate ratings, in order to develop 

congruent and incongruent pairings for the manipulations. 



94 

Our first step was to select between the minty/green/menthe and evergreen/green/pinea 

combinations, because green was the target color in both cases. When comparing the 

color ratings for the two names pinea and menthe (see Table 4-10), while green was rated 

the most appropriate for both of them, the rating was considerably higher in the case of 

menthe. Further, the discrepancy between the rating for green and the next highly rated 

color (yellow) was much greater for menthe than for pinea (Table 4-10), while the 

discrepancies between green and yellow were comparable when rated for the two smells 

(Table 4-9). Finally, the appropriateness rating for the minty/menthe pair was higher 

than that for the evergreen/pinea pair (see Table 4-8). Thus, the minty/green/menthe 

combination seemed preferable to the evergreen/green/pinea combination. 

We then examined ratings for the floral combination (in order to verify its earlier 

elimination). The scent-color scores (Table 4-9) revealed that the rating for the 

appropriate color (i.e., pink) was neither very strong nor was it very discrepant from the 

rating for the next altemate color (yellow). When the colors were rated for the name 

flora (Table 4-10), although pink was rated the most appropriate, ratings for the 

remaining colors were not very low. This confirmed our earlier finding that color 

associations were not very unique for this stimulus. 

Thus, as before, the minty, spicy and citrus combinations emerged as the three most 

suitable stimuli. High appropriateness ratings were used as the basis for selecting the 
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congruent combinations of these stimuli for the manipulations. Specifically, cinamy was 

rated the most appropriate name for the spicy scent (X = 6.62), citron for the citrus scent 

(X =5.71) and menthe for the minty scent (X =6.19); thus, these represented the 

congruent smell-label combinations. Red was indicated as the most appropriate color for 

the spicy/cinamy combination (X = 6.43 when rated for the scent and X = 6.48 when 

rated for the name), yellow received high scores for the citrus/citron combination (X s = 

4.96 and 6.04 respectively) and green was rated as most appropriate for the minty/menthe 

combination (Xs = 4.79 and 5.96 respectively). Thus, these pairings represented the 

congruent smell-color and color-label combinations. 

The next step was to use low scoring combinations as the basis for identifying 

incongruent stimulus sets for each pair of modes. Regarding the smell-label pair, all 

alternate pairings of names with the scents (i.e., other than those designated above as 

congruent) received low scores (see Table 4-8). Thus, two incongruent sets could be 

identified: (i) Set A - spicy/menthe, minty/citron, citrus/cinamy and (ii) Set B -

spicy/citron, minty/cinamy, citrus/menthe. As far as the smell-color pair was concerned 

(refer Table 4-9), green was also rated as appropriate for the citrus scent. Thus, only one 

incongruent set could be generated, namely, spicy/green, minty/yellow, citrus/red (Set I). 

For the color-label pair, all pairings other than the target pairs were rated fairly low (see 

Table 4-10). Thus, again, two incongruent sets could be delineated: (i) Set 1 - red/citron. 
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green/cinamy, yellow/menthe and (ii) Set 2 - red/menthe, green/citron, yellow/cinamy. 

The specific manner in which these congruent and incongruent sets were combined to 

represent the target brands in each condition is explained below. 

4.4.3 Construction of Target Brands 

The final stimuli consisted of various combinations of the three scents (spicy, minty, 

citrus), colors (red, green, yellow) and labels (cinamy, menthe, citron). It is important to 

emphasize that the same three scents, colors and labels were used in all the conditions; 

only the combinations of these items were varied. This was done to facilitate 

comparability across conditions (i.e., to ensure that the stimuli were equivalent in all 

respects save the lone factor of interest, viz., congruency). 

The congruent and incongruent sets identified above were used to generate the target 

brands in each congruency condition (see Table 4-11). Specifically, the all congruent 

(AC) condition was composed of triads in which all pairs were congruent. In the smell-

label congruent (SL) condition, the congruent smell-label pairs were used. We then 

needed to select colors that were incongruent with the smells and labels. Thus, the smells 

were matched with the relevant incongruent colors (designated as Set I above), which 

resulted in incongruent set 1 for the color-label pairings. Similarly, for the smell-color 

congruent (SC) condition, the congruent smell-color pairs were used; the smells were 



97 

then matched Avith an incongruent label pairing (Set A), resulting in incongruent set 2 for 

the color-label pairings. In the color-label congruent (CL) condition, the colors and 

labels were congruent; the smells were matched with the incongruent colors (Set I), 

which automatically led to incongruent set A for the smell-label pairs. Finally, for the 

none congruent (NC) condition, the incongruent smell-color pairs were included (Set I); 

we then paired them with labels in such a way that the labels were incongruent with both 

the smells and the colors (i.e.. Set B and Set 2 respectively). 

Our decision to use three brands was based on an examination of the nimiber of stimuli 

used in previous studies of associative learning involving odors (i.e., Davis 1975, 1977). 

In those studies, four to six stimuli were used. However, the studies only involved 

learning of pairwise associations to odors and subjects were allowed multiple learning 

trials (and yet, associative learning was far from perfect). Given the increased 

complexity of triadic learning from one exposure, the set was limited to three in our 

study. 

The stimuli were provided to subjects in glass bottles encased in jewehy boxes. Food 

dyes (from Sparkle brand Easter egg coloring kits) were added to the oils to generate the 

colors. The bottles were placed with their necks projecting through openings cut into the 

boxes. This was done to facilitate implementation of the order of exposure manipulation. 

Thus, subjects in the relevant conditions could access the smells (by opening the bottle 
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caps) without seeing the color of the liquid. Rubber bands were put around the boxes to 

hold the bottles snugly in place. The names were printed on self-adhesive address labels 

using a CG Times Bold 17 point font. The labels were folded in half and attached to the 

lids of the boxes. Removable Scotch tape was used to secure the folding and to create a 

flap that subjects could peel open to read the name inside. Again, this was done to ensure 

that the names were not visible until necessary. 

4.5 Procedures 

We now turn to a description of the procedures used in the study (see Figure 4-1 for an 

overview). The experiment was run in sessions of up to six people. Upon arrival, 

subjects were seated at designated locations that were evenly spaced throughout the 

room. The goal of both restricting the number of people in a session (to six, despite a 

room capacity of aroimd 30) and using assigned seating was to ensure adequate distance 

between the subjects. This was important because of the use of odors in the study (i.e., in 

order to minimize interference due to diffusion of odors from the stimuli of a neighboring 

subject). After being seated, subjects were handed a set of instructions and 

questionnaires (see Appendices 1-2) and the stimulus set was placed before them. 

Depending on the congruency condition being examined in the session, subjects were 

presented with a particular set of three stimuli as described earlier (see Table 4-11). 
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The written materials first informed the subjects that the purpose of the study was to 

examine their opinions of various brands of bath oils. This guise was provided to the 

subjects to better simulate the incidental learning conditions that characterize real world 

product exposure. Subjects then read instructions on how to examine the three brands. 

In order to manipulate order of exposure to the various modes, subjects in some sessions 

were asked to first open the flap and read the label on the box, then open the box to see 

the color and fmally to unscrew the bottle and smell its contents. In the remaining 

sessions, subjects were instructed to examine the modes in the reverse order (i.e., smell 

first, color second and label third). 

To ensure equal processing opportimity across modes, brands and subjects, subjects were 

allowed five seconds to examine each element of each brand (a total of IS seconds for 

each brand). Uniformity in processing was important because processing differences 

could confound interpretation of the results (i.e., encoding of an element/brand might be a 

function of the processing time allocated to it by the subject). The exposure time of five 

seconds was selected to ensure consistency with previous studies of odor associations 

(i.e., Davis 1975, 1977). 

The instructions also informed subjects that they were to rate the appeal of each brand 

after they had examined its elements. After these instructions were verbally reinforced, 

subjects were exposed to the three brands and asked to rate the attractiveness of each 
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brand in turn. This sequence of examining and rating each brand before proceeding to 

the next served to ensure that sufficient time had elapsed between exposure to one odor 

and the next, thereby minimizing carryover effects; further, since a fixed time was 

allotted for each step, this gap was constant across brands and subjects. Given the time 

for actual processing of each element, providing a rating for the brand plus instructions to 

commence and discontinue each step, this gap was comparable to inter-stimulus intervals 

of 20 to 30 seconds used in earlier studies (i.e., Davis 1975, 1977). 

As is the convention in studies of short-term learning zmd memory, subjects were asked 

to perform an unrelated task, upon completion of the exposure phase described above. 

This filler task took approximately 10 minutes and served to clear short-term memory by 

diverting subjects' attention from the stimuli presented to them earlier. Following this 

distractor phase, subjects embarked on the testing phase (see Appendix 3 for the 

questionnaire used in this phase). 

In keeping with the overall goal of this research, the primary purpose of the testing phase 

was to assess the learning of associations between multiple brand elements. As we have 

discussed earlier, when odors, colors and other sensory information are involved, tests 

requiring recall of these stimuli are not appropriate tests of encoding because they require 

a verbal transformation of sensory information (Schab and Crowder 1995). Prior 

research examining odor associations (e.g., Davis 1975, 1977) has circumvented this by 
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using a cued recall format in which odors are always used as cues; in other words, 

subjects are provided with the odors and asked to recall the corresponding verbal 

information. But, such tasks are restrictive because they impose a directionality (i.e., 

from odors to associated information) in the retrieval process. This would be especially 

inappropriate in our situation because examining retrieval strategy was one of our stated 

purposes. Further, since we were examining a triad (rather than a pair) of stimuli, it 

would also be cumbersome, requiring multiple tests to unravel memory for associations 

between all three pairs of elements. Thus, a recognition paradigm was utilized in this 

study. 

However, recognition tasks usually test memory for individual items by providing both 

old (target) as well as new (distractor) items and asking which ones were previously 

examined. Since we were not interested in memory for any single dimension, but rather, 

memory for associations between elements, this procedure was modified. First, subjects 

were not tested separately on memory for information in any one mode; they were only 

tested on recognition for overall brand combinations. Further, no new items were 

included in any mode; instead, various combinations of the same elements were used as 

distractor items. Since we had three elements for each of three brands, a total of 27 

possible combinations could be derived and this formed the set of recognition stimuli 

provided to subjects (see Table 4-12). Thus, the task was devised in such a way that, if 

the subject could select the "right" combinations (i.e., the ones s/he had received earlier). 
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it would indicate successful encoding of associations between the brand elements. In 

sum, subjects undertook a recognition task in which they were provided with all the 27 

possible combinations of items in the three modes and asked to select the three 

combinations that represented the brands they had examined earlier. 

In addition to listing the box number for the items that they selected (column 1 of Table 

4-12), subjects also provided a confidence rating for each selection (see Appendix 3 for 

the format of this and the remaining measures). These recognition responses provided 

the means for assessing the major dependent variables of interest, viz., overall and 

pairwise learning of associations between brand elements as well as the tendency for 

alignment of incongruent cues (the actual derivation of all dependent variables is detailed 

in the next section). In order to examine the two corollary visual/verbal dominance 

hypotheses, two additional measures were obtained. First, subjects were asked to rate 

their confidence in the accuracy of each two-way pairing of modes (i.e., color-label, 

smell-label, smell-color) across all their choices. Next, subjects indicated the strategy 

they had used in the recognition task. 

Finally, manipulation check (i.e., appropriateness ratings of each pair of modes for each 

brand) and covariate measures were edso obtained. The choice of covariate measures 

(e.g., familiarity, age, gender) was based on prior literature examining the role of 

stimulus and individual factors in odor processing (e.g., Cain 1982; Davis 1975; 
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Schemper, Voss and Cain 1981). The entire procedure described above took 

approximately 45 minutes for each session. 

4.6 Dependent Measures 

Dependent measures were developed for the five constructs examined in the hypotheses, 

namely, overall learning, pairwise learning, cue alignment, confidence in pairwise 

learning and retrieval strategy. The first three measures were derived from the 

recognition data. Overall learning was captured by recognition accuracy (i.e., the number 

of target brands correctly identified). Learning of pairwise associations was reflected in 

the respective pairwise accuracies. These pairwise accuracies were obtained from an 

examination of the pattern of recognition errors (see Table 4-13). Specifically, each 

erroneous recognition response was classified into one of four categories: (i) label-smell 

accuracy - if the selected item had the same label-smell pairing as a target item for that 

condition, (ii) color-smell accuracy - if the item had the same color-smell pairing as a 

target item, (iii) label-color accuracy - if the item had the same label-color pairing as a 

target item, or (iv) no pairwise accuracy - if no two modes in the selection matched the 

pairings in any of the targets in the relevant condition. 

The third measure derived from the recognition data was cue alignment. As discussed 

earlier, this concept refers to the tendency to align an incongruent cue with congruent 
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elements. If a cue was being mistakenly aligned, the subject would choose the item that 

had elements that were all congruent, even though the item that s/he had examined earlier 

had one incongruent element. Thus, the variable was measured as the number of all-

congruent items (i.e., items in which all three modes are congruent) that were erroneously 

selected in recognition^. 

Confidence in pairwise learning was assessed by asking subjects to indicate on 7-point 

scales (1 = not at all confident; 7 = extremely confident) the extent to which they 

believed that each pair (labels and smells, colors and smells, labels and colors) was 

correctly matched in their choices. Finally, retrieval strategy was measured by asking 

subjects to select one of the following options as the method by which they chose the 

three brands in the recognition task: (i) first matching the smells and colors and then 

finding the right labels, (ii) first matching the labels and colors and then finding the right 

smells, (iii) first matching the smells and labels and then finding the right colors, (iv) 

checking directly for match between smells, labels and colors. If subjects found none of 

these four options to be applicable in their case, the fifUi option allowed them to describe 

the strategy they had used. 

^ Note that the all>congruent items are targets only for the all-congruent (AC) condition and since cue 
alignment relates to mistaken alignment of incongruent cues, the variable is not relevant for this condition. 
For all other conditions, selection of an all-congruent item denotes an erroneous response and reveals the 
presence of cue alignment. 
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4.7 Summary 

In this chapter, we provided details of the methodology used in our study. First, we 

described the manipulations of the factors of interest, namely, congruency among brand 

elements and order of exposure to them. We then profiled the subjects who participated 

in the experiment. Following this, we explained how the individual brand elements were 

selected based on a series of pretests and how the final stimuli were constructed to 

represent fictitious brands of bath oils. We then discussed the actual procedures 

undertaken by the subjects during the experiment. The final section explained how the 

relevant dependent measures were derived. In the next chapter, our focus shifts to an 

examination of the results of the study described herein. 
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CHAPTERS 

RESULTS 

5.1 Overview 

In this chapter, we discuss the findings from the study investigating multimodal brand 

learning. The chapter begins with a description of the manipulation and experimental 

checks that were undertaken to ensure internal validity. The remainder of the chapter 

examines the empirical support for the various hypotheses and parallels the hypotheses 

chapter in organization. Thus, we first focus on the visual/verbal dominance hypotheses 

and then shift our attention to the congruency hypotheses. In the latter section, we also 

explore some effects of congruency on subjective knowledge (i.e., confidence 

evaluations). While these effects were not explicitly hypothesized, they supplement the 

findings regarding objective performance. Finally, as in the hypotheses chapter, we end 

with a discussion of the impact of the order of exposure factor. 

5.2 Manipulation and Experimental Checks 

In order to assess the success of the congruency manipulation, subjects were asked to 

provide pairwise appropriateness ratings after the dependent measures had been obtained. 
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Specifically, subjects were told to reexamine the three target brands that they had 

received earlier and to indicate the extent to which each pair of elements (smell-color, 

color-label, smell-label) was appropriately combined in each brand, using seven point 

scales (1 = not at all appropriate; 7 = extremely appropriate). 

The expected pattern for each pair of modes is that the all congruent (AC) condition and 

the condition in which the particular pair is congruent [smell-color (SC), color-label (CL) 

or smell-label (SL)] should receive higher appropriateness ratings than the none 

congruent (NC) condition and conditions in which other pairs are congruent. This would 

support the notion that perceptions of congruency matched the congruency condition to 

which the subject was assigned. At the same time, since subjects were randomly 

assigned to conditions, their perceptions of congruency should not systematically vary 

based on other, unrelated factors (and thus, main and interaction effects relating to order 

of exposure should not be significant). Except for an isolated, marginally significant 

interaction, the predicted pattern was evidenced in the data. 

Specifically, a 5 (congruency) X 2 (order of exposure) ANOVA revealed a significant 

impact of congruency on appropriateness of the smell/label pair [F(4,164) = 46.61, p = 

.001; see Table 5-1]. As anticipated, smell/label appropriateness was highest in the AC 

and SL conditions (Xs = 6.05 for AC and 5.4 for SL vs. 1.92, 3.5 and 2.65 for SC, CL 

and NC respectively; see Table 5-la). The planned contrast (comparing AC and SL with 
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the remaining three conditions) was also significant (p=.001; see Table 5-la). Further, 

the ratings did not vary based on order of exposure (see Table 5-1), either by itself (p = 

.392) or in conjunction with congruency (p = .647). 

A similar 5X2 ANOVA on appropriateness ratings for the smell/color pair indicated a 

significant effect of congruency [F(4,164) = 56.57, p = .001; see Table 5-2]. Consistent 

with expectations, these ratings were highest in the AC and SC conditions (X s = 6.32 for 

AC and 6.2 for SC vs. 3.14, 3.81 and 2.66 for SL, CL and NC respectively; see Table 5-

2a) and the planned contrast (i.e., AC & SC vs. SL, CL & NC) was significant (at p=.001; 

see Table 5-2a). In addition, the main effect of order of exposure (see Table 5-2) was not 

significant (p = .523). 

However, there was a marginally significant interaction effect between order and 

congruency [F(4,164) = 2.01, p = .095] for smell/color appropriateness. This was driven 

by differences in ratings between the two orders for two congruency conditions, namely, 

SC and SL (see Figvire 5-1). In both congruency conditions, the ratings were less 

veridical for subjects who had originally been exposed to the labels prior to the colors 

and smells (compared to subjects who had examined them in the reverse order). In other 

words, in the SC condition, subjects who had earlier examined labels, colors and smells 

in that order rated smell/color appropriateness lower (than subjects in the other order 

group). This suggests that, when the incongruent label is seen first, it sets up an 
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expectation for the modes that follow and since the smells and colors violate this 

expectation, they are rated lower in pairwise appropriateness (even though they are 

congruent with each other). In the SL condition, subjects tended to provide higher 

smell/color appropriateness ratings if they had initially been exposed to the labels before 

(rather than after) the smells and colors. Again, this would suggest that, since the smells 

are congruent with the label (and therefore match the initial frame set by the label), the 

colors too are seen as more suitable, resulting in higher smell-color ratings (even though 

the pair is not congruent). In sum, when the smell is congruent with one visual/verbal 

element but the color and label point in different directions (which is the case in SC and 

SL), perceptions of the appropriateness of smells and colors appear to be sensitive to 

priming from an initially seen label (which persisted even though subjects had the 

opportunity to reexamine the brands before providing the appropriateness ratings). 

The final 5X2 ANOVA examined appropriateness ratings for the color/label pair and 

again found a significant effect from congruency [F(4,164) = 99.12, p = .001; see Table 

5-3]. As expected, color/label appropriateness was highest in the AC and CL conditions 

(X s = 6.26 for AC and 6.2 for CL vs. 2.95,2.4 and 2.28 for SL, SC and NC respectively; 

see Table 5-3a) and the planned contrast (AC and CL vs. the remaining three conditions) 

was significant (at p=.001; see Table 5-3a). Further, the effects involving order of 

exposure (see Table 5-3) were not significant (p = .299 for the main effect zind p = .654 

for the interaction). 
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In addition to the manipulation checks described above, an examination of the appeal 

ratings was deemed necessary to satisfy intemal validity requirements. Since appeal was 

measured initially (i.e., during the exposure phase) and the recognition test was 

conducted subsequently, it was important to ensure that any differences across conditions 

in learning were not confounded by differences in appeal of the brands. Thus, subjects' 

appeal ratings (obtained using seven point scales, 1 = not at all appealing; 7 = extremely 

appealing) were analyzed to examine whether the appeal of the brands varied based on 

the particular combinations used in each congruency condition or the particular order in 

which the brands were examined. The results of the 5 X 2 ANOVA model (see Table 5-

4; means reported in Table S-4a) indicated no significant differences in appeal across 

either congruency [F(4,164) = .42, p =797] or order [F(l,164) = 2.40, p = .123] 

conditions. 

In sum, both the manipulation and experimental check results were successful in 

supporting the conclusion that any observed learning effects are attributable to the 

variables of interest rather than other, extraneous factors. 
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5.3 Test of VisualA^erbal Dominance Hypotheses 

Oiir hypotheses began with a description of our expectations under the baseline scenario 

(i.e., independent of the manipulations being considered). Specifically, we had suggested 

that, in light of the various limitations in cognitive processing that appeared to be unique 

to smells, visual/verbal associations would have an advantage over smell-related links in 

a variety of aspects. The results pertaining to this set of hypotheses are detailed below. 

5.3.1 Pairwise Learning 

We first examine the primary hypothesis in this category, which focuses on visual/verbal 

dominance as it relates to the learning of pairwise associations. HI postulated that, in 

general, color-label associations will be learned better than pairings involving smells. 

This hypothesis was tested by comparing the three pairwise accuracies. As described 

earlier (see Table 4-13), these pairwise accuracies were derived by examining the 

correctness of pairwise links in each erroneous recognition response. 

The results, indicated in Table 5-5, provide support for our prediction. Specifically, 

accuracy for the color-label pair (X = .78) was greater than accuracy for either the smell-

color pair [X = .14; t(173) = 7.17, p = .001] or the smell-label pair [X = .22; t(173) = 
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5.79, p = .001]. Further, the two smell-related pairwise accuracies did not significantly 

differ from each other [t(173) = 1.48, p = .14], 

5.3.2 Confidence in Pairwise Learning 

The next hypothesis predicted that visual/verbal dominance would also be manifested in 

subjective perceptions of performance (not just in objective performance, which was 

examined above). Thus, H2 proposed that subjects might be more confident in their 

knowledge of visual/verbal associations than in their knowledge of links that involve 

smells. As we have mentioned, this hypothesis was tested using subjects' ratings of 

confidence in the accuracy of each pairwise link in their recognition choices. 

The results (see Table 5-6) revealed that, overall, subjects tended to be quite confident in 

the accuracy of pairwise links in their selections. Nevertheless, the pattern in the ratings 

was consistent with expectations. Specifically, subjects' confidence in the correctness of 

the color-label pairing in their recognition selections (X = 6.45) was greater than their 

confidence in the smell-color [X = 5.95; t(173) = 5.76, p = .001] or smell-label [X = 

5.86; t(173) = 5.95, p = .001] pairings. Again, the confidence ratings for the pairings 

involving smell did not differ fix)m each other [t(173) = 1.31, p = .192]. 
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5.3.3 Retrieval Strategy 

The final hypothesis in this set suggested that superior visual/verbal learning would imply 

easier access to that information in memory. Thus, H3 theorized that subjects would first 

retrieve visual/verbal links before trying to access the links to smells. As described 

earlier, this hypothesis was tested by asking subjects to indicate the order in which they 

examined associations among the brand elements during the recognition task. The results 

(see Table 5-7) indicated that, as anticipated, subjects displayed an overwhelming 

tendency to examine the associations between the labels and colors first before 

considering the smells [x^(3) = 235.02, p = .001; smell-color first then label - 10%, color-

label first then smell - 75%, smell-label first then color - 7%, all three together - 7%]^. 

In sum, given the support obtained for all three hypotheses, the results, taken together, 

provide strong evidence for visual/verbal dominance in multiple aspects of associative 

learning/memory for multimodal brand elements. 

^ The last option, the 'other' category, was excluded from the analysis since only 2 responses were obtained 
for it. 
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5.4 Test of Congruency Hypotheses 

Our second set of hypotheses examined how associative learning of brand elements might 

be affected by congruency (or lack thereof) among these elements. We now turn to a test 

of these congruency hypotheses. Unless otherwise noted, these hypotheses were tested 

using a 5 (congruency) X 2 (order) between subjects ANOVA model. Covariance 

analyses were also conducted using familiarity, age and gender as covariates. As 

mentioned earlier, information on familiarity of the odors (on a seven point scale, 1 = not 

at all familiar; 7 = extremely familiar), age (in years) and gender was obtained after all 

dependent and manipulation check questions had been answered. 

For each variable discussed below, the following information is reported. We begin by 

exploring the issue of primary interest, viz., support for the relevant hypothesis; in this 

regard, we examine the significance of the congruency factor in the ANOVAs and the 

patterns of means and contrasts relating to this factor. We also briefly note the presence 

vs. absence of effects involving order of exposure. In addition, we describe the results 

from the covariance analyses, in terms of effects involving the covariates as well as the 

impact of inclusion of the covariates on the effects observed in the ANOVAS. Finally, as 

relevant, we introduce comparisons between patterns found for the (objective) 

performance measures and those found for the (subjective) confidence measures. 
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5.4.1 Congruency and Overall Learning 

Our first hypothesis in this set theorized that congruency between the smell and a visual 

or verbal element might assist in overcoming the impediments to associative learning 

involving smells. Further, it was expected that the extent of facilitation would depend on 

the number of elements that were congruent with the smell. Thus, H4 had suggested that 

brand learning would be best when both the visual and verbal cues were congruent with 

the smell (AC), moderate when only one cue was congruent (SC, SL) and worst when 

neither cue was congruent with the smell (CL, NC). 

As previously mentioned, data on recognition accuracy (i.e., the number of target brands, 

ranging from zero to three, that were correctly selected in the recognition task) was used 

to test overall learning. In accordance with expectations, the ANOVA results revealed a 

significant main effect of congruency on recognition accuracy [F(4,164) = 21.87, p = 

.001; see Table 5-8], with performance (reported in Table 5-8a) being highest in the ail 

congruent condition (X = 2.82), moderate in the smell-color congruent (X = 2.09) and 

smell-label congruent (X = 1.89) conditions and least in the color-label congruent (X = 

0.97) and none congruent (X = 1.09) conditions. Further, the pairwise comparisons (see 

Table 5-8b) supported the conclusion that there were three distinct performance tiers 

(AC; SC & SL; CL & NC), with differences between conditions being significant across 
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but not within the tiers. Order of exposure did not play a significant role in recognition 

accuracy, either by itself or in conjunction with congruency. 

As we had described earlier, the recognition task required subjects to not only indicate 

the brands that they selected but also to provide a confidence rating for each selection (1 

= not at all confident; 7 = extremely confident). Thus, in addition to the analysis 

discussed above (which used raw recognition scores), a supplemental analysis was 

conducted using a recognition measure derived by weighting the raw scores by the 

confidence ratings. Since each selection's score of 1 or 0 (correct or incorrect) was 

multiplied by the confidence rating of 1-7, subjects' overall scores for this weighted 

measure could range fix)m zero to twenty one. This weighted version represented a 

potentially more sensitive measure, since it incorporated not just the accuracy but also the 

degree of certainty with which subjects made a selection. 

An ANOVA using this weighted version (see Table 5-9) also revealed a significant effect 

of congruency [F(4,164) = 21.90, p = .001]. The pattern of means (see Table 5-9a) again 

revealed maximum facilitation in the all congruent condition (X = 18.41), medium 

facilitation in the smell-color congruent (X = 13.50) and smell-label congruent (X = 

12.59) conditions and minimal facilitation in the color-label congruent (X = 5.50) and 

none congruent (X = 6.54) conditions. As before, the pairwise comparisons (see Table 
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5-9b) confirmed the existence of three separate tiers. Again, no significant effects 

involving order of exposxire were found. 

Both the unweighted and weighted measures were further subjected to a covariance 

analysis incorporating gender, familiarity and age (see Tables 5-10 and 5-11). For both 

measures, while there was no main effect of gender, a strong familiarity effect and a 

marginally significant age effect were obtained. Consistent with prior odor memory 

literature (Davis 1975; Schemper, Voss and Cain 1981), performance declined with age 

but was facilitated when the smells were seen as more familiar. The results also revealed 

one marginally significant interaction for each measure (namely, a congruency x gender 

interaction for the unweighted measure and an order x congruency x gender interaction 

for the weighted measure) which will be discussed later. Nevertheless, despite the 

presence of these effects, congruency still had a strong impact on both variables 

[F(4,150) = 13.94, p = .001 for the unweighted version and F(4,150) = 14.51, p = .001 for 

the weighted version]. However, except for the one interaction mentioned above, effects 

involving order of exposure still did not attain significance in either measure. 

One interesting feature of the resiilts that merits special emphasis is performance in the 

color-label congruent condition. As in the smell-color and smell-label congruent 

conditions, a pair of elements is congruent in this condition as well. Yet, performance in 

this condition is far inferior and is, in fact, directionally lower than even the condition in 
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which no two elements are congruent. Such poor performance highlights the critical need 

for congruency with smells, rather than mere congruency within the visual/verbal 

domain, for facilitation of multimodal brand learning. 

5.4.1.1 Effects of Congruency on Overall Confidence 

We now turn to a comparison of overall learning performance with subjective confidence 

evaluations. As we have mentioned, we obtained confidence ratings for each selection in 

the recognition task. The ratings for the three choices were aggregated to form an overall 

confidence measure. A 5 X 2 ANOVA on this measure revealed a significant effect of 

congruency [F(4,163) = 5.79, p = .001; see Table 5-12]. Confidence was highest in the 

AC and SL conditions (X = 6.45 for both conditions; see Table 5-12a), followed by SC 

(X = 6.04), CL (X = 5.79) and NC (X = 5.50). The contrasts for AC and SL (see Table 

5-12b) showed marginally significant differences with SC but strong differences with CL 

and NC. The ratings in SC were, in turn, not different from those in CL but were 

significantly different from ratings in NC. Finally, the ratings in CL and NC were not 

significantly different from one another. 

As was observed earlier in the pairwise confidence ratings, overall confidence was fairly 

high for subjects in all conditions (5.5 and above, out of a possible 7). Thus we see 

inflated confidence evaluations, even in conditions such as CL and NC, which are not 
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borne out by actual performance. Further, although CL and NC are not significantly 

different in both actual and perceived performance, the direction of the means is reversed. 

Whereas CL was a little lower than NC in the accuracy data, confidence ratings are 

higher (and are in fact not significantly different from those in SC), which suggests that 

the congruent visual/verbal cues may have guided processing of the incongruent odor and 

induced a false sense of confidence in memory accuracy. The other interesting feature of 

the results is the unexpectedly high level of confidence in the SL condition (which is as 

high as that in the AC condition). This is in sharp contrast to actual performance in the 

SL condition, which was significantly lower than that in AC and equivalent to 

performance in SC. Although a congruent color is equally effective in cueing the odor, 

perhaps the task of odor processing seems more straightforward when the label acts as the 

cue. 

The covariance analysis for overall confidence revealed significant effects for familiarity 

and age. As with recognition accuracy, confidence was higher at higher levels of 

familiarity and lower with increasing age. Nevertheless, congruency remained a 

significant influence on confidence [F(4,149) = 3.83, p = .005; see Table 5-13]. Also, the 

main effect of order of exposure was not significant in both analyses. However, a 

significant three-way interaction between order, congruency and gender was obtained in 

the covariance analysis. This and other interaction effects relating to overall learning are 

examined below. 
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5.4.1.2 Interaction Effects 

As we mentioned earlier, the congruency by gender interaction was marginally 

significant for recognition accuracy [F(4,150) = 2.08, p = .087; see Table 5-10]. While 

performance in the AC, CL and NC conditions was comparable across the two gender 

groups, females in the SC and SL conditions did better than the males (see Figure 5-2). 

This is consistent with findings from previous studies (e.g., Cain 1982) which have 

shown a general superiority for females in odor identification. As evidenced by the 

pattern of recognition scores, the all congruent condition (with two cues supporting the 

smells) may have made the recognition task fairly easy, while the CL and NC conditions 

(with no cues supporting the smells) may have made the task relatively difficult, for all 

subjects. But, it appears that, in the two conditions where there was moderate facilitation 

(SC and SL), female superiority in odor identification had the opportunity to translate to 

better performance. 

For the overall confidence measure, a significant order by congruency by gender 

interaction was obtained [F(4,149) = 2.62, p = .037; see Table 5-13]. This interaction 

seemed to be mainly driven by two effects (see Figure 5-3). The first was a crossover 

interaction obtained for females between order and congruency (in the AC and CL 

conditions). In AC, females in the label-color-smell order condition were more confident 
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of their performance than those in the smell-color-label order condition. This pattern was 

reversed in CL. In other words, females preferred examining the visual/verbal cues first 

when the smell was congruent with those elements (AC) and the smell first when the 

smell was not congruent with the two visual/verbal elements (CL). Thus, it appears that 

initial examination of the visual/verbal cues made it easier to process the odor when the 

odor was congruent with them but created coniiision when the odor was divergent. 

The second effect driving this three-way interaction was a crossover interaction between 

order and gender within the none congruent (NC) condition. Specifically, within NC, 

females in the smell-color-label order condition were more confident of their 

performance than those in the label-color-smell order condition. This is identical to the 

pattern described above for CL, which again implies that females prefer to examine the 

smell first before they are confijsed by visual/verbal cues that point in a different 

direction. However, for males, the reverse pattern was exhibited; in other words, 

confidence ratings were higher for males in the label-color-smell order condition than for 

those in the smell-color-label order condition. Since, as we mentioned above, males 

appear to have poorer identification capability than females, it is possible that, in the 

label-color-smell order condition, they tended to rely on the initially seen label or color in 

mterpreting the smell and therefore were lulled into a false sense of confidence, even 

though the actual smell did not coincide with either the label or color. 
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The presence of this three-way interaction for overall confidence is noteworthy because, 

while differences based on order did not surface in actual performance, order appears to 

influence subjective perceptions of performance difTerentially across congruency 

conditions and by gender groups. 

The final interaction relating to overall learning is the marginally significant order by 

congruency by gender interaction obtained for the weighted recognition measure 

[F(4,150) = 2.00, p = .097; see Table 5-11]. As we mentioned earlier, the weighted 

measure was derived from a combination of the accuracy scores and the confidence 

ratings. It is therefore not surprising that the patterns in this interaction mirror those 

revealed in the above two interactions (see Figure 5-4). Specifically, as with the 

recognition accuracy measure, females outperformed males in the SL condition. In the 

SC condition, while the means were directionally similar to the SL condition, the 

disparity between females and males was less pronounced. Further, in the AC condition, 

as with the confidence variable, females in the label-color-smell order group performed 

better than those in the smell-color-label order group. However, there were no order 

differences for females in the CL condition. Finally, the crossover interaction between 

order and gender that was observed in the NC condition for the confidence variable was 

also indicated in this weighted measure. 
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In Slim, performance on overall brand learning was determined by the number of cues 

that were congruent with the smell. Weighting the recognition scores by the confidence 

ratings as well as inclusion of the covariates did not alter the basic pattern of the results. 

A comparison of confidence evaluations with the accuracy data indicated certain 

disparities between objective and subjective knowledge. Finally, the results revealed 

some interesting variations across gender groups based on congruency and order 

conditions. 

5.4.2 Congruency and Pairwise Learning 

Our second hypothesis in this set applied the reasoning behind the facilitative effect of 

congruency to the domain of pairwise learning. Specifically, we argued that, if 

congruency between smells and visual/verbal elements were to assist the derivation of 

links between them and thereby improve overall brand learning, the same effect should 

occur in the case of pairwise learning between the smell and a visual or verbal element. 

In the case of pairwise learning within the visual/verbal domain however, the relative 

ease of the task might lead to a fairly minimal role for congruency. Thus, HS predicted 

that smell-color learning (H5a) would be greatest when the smell and color were 

congruent with each other (AC, SC) and smell-label learning (H5b) would be greatest 

when the smell and label were congruent with each other (AC, SL); however, color-label 

learning (H5c) would not be affected by congruency. 
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As we have mentioned previously, pairwise learning was tested using pairwise accuracies 

derived from erroneous recognition responses. While only aggregate pairwise accuracies 

were examined in H2, HS necessitated a comparison across different congruency 

conditions (with different levels of error). Thus, in order to ensure comparability across 

conditions in these analyses, the raw pairwise accuracy scores in each congruency 

condition were converted to proportions of total error for that condition. 

The ANOVA results for the color-label pairwise accuracies are reported in Table 5-14 

(see Tables 5-14a,b for means and contrasts). While the pattern of means indicates some 

facilitation from congruency (values of 1.00 in AC and .87 in CL, the two conditions 

where the color-label pair is congruent, compared to .55, .34 and .57 in SC, SL and NC 

respectively), the main effect of congruency was not significant [F(4,164) = 1.43, p = 

.226]. This is consistent with our expectation that congruency would be less critical for 

the learning of associations within the visual/verbal domain. As regards order of 

exposiure, the results showed no significant main or interaction effects involving this 

factor. 

Inclusion of the covariates did not change the lack of significance of congruency and/or 

order (see Table 5-15); however, the results did reveal a strong inverse relationship 

between odor familiarity and color-label accuracy. Thus, as the smells were seen as less 

familiar, the proportion of color-label accuracy within the errors increased. This effect is 
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compatible with our previous finding that recognition accuracy is facilitated by odor 

familiarity. In other words, when smells are perceived as familiar, learning of the brand 

is assisted, leading to higher recognition performance. On the other hand, when the 

smells do not appear to be familiar, the nimiber of errors in associating the smells with 

the visual/verbal elements apparently increases. Therefore, while the colors and labels 

are associated correctly, overall recognition is aborted by errors in linking the smells. 

Apart from this inverse effect of familiarity, a marginally significant order x congruency 

X gender interaction was obtained [F(4,150) = 2.16, p = .076]. This was mainly driven by 

a crossover interaction between order and gender in the all congruent (AC) condition (see 

Figure 5-5). As indicated by the mean of 1.00 for AC (see Table 5-14a), all the errors in 

the AC condition were captured within color-label pairwise accuracy (in other words, 

labels and colors were always correctly associated and the mistakes that were made were 

caused by wrong smell associations). Thus, when the proportion of color-label accuracy 

is zero for any sub-group within AC, it implies that subjects in that group did not make 

any mistakes at all, i.e., they had perfect recognition scores. This was the case for males 

who examined the smells first, followed by the colors and then the labels and females 

who were exposed to labels, colors and smells in that order. However, mistakes in 

associating the smell (indicated by non-zero values for color-label accuracy) were made 

by males in the label-color-smell order condition and females in the smell-color-label 

order condition. This is interesting because it suggests that there might be innate gender 
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differences in the order in which (even congruent) information needs to be processed for 

optimal encoding. But, this result needs to be interpreted with caution because, given the 

fairly low level of error in the AC condition (i.e., .18 out of a possible 3), small 

differences may be magnified. However, the result is bolstered by the fact that it partially 

coincides with the pattern found for overall confidence in AC, namely, that females in the 

label-color-smell order condition were more confident of their performance (compared to 

those in the opposite order condition). 

In contrast to the findings for color-label accuracy, congruency did have a significant 

effect on smell-label pairings [F(4,164) = 5.16, p = .001; see Table 5-16]. As anticipated, 

the proportion of smell-label accuracy was highest in the smell-label congruent condition 

(X = .46 in SL, compared to .04, .19 and .15 in CL, SC and NC respectively; see Table 

5-16a). Further, the pairwise comparisons indicated a significant difference between 

performance m SL and performance in the three conditions where the smells and labels 

were not congruent (i.e., CL, SC and NC; see Table 5-16b). While we had expected a 

similar pattern in the all congruent condition (i.e., that smell-label accuracy would be 

greater in AC compared to conditions in which the pair of elements was not congruent), 

comparisons with the AC condition were not meaningful due to ceiling effects. In other 

words, high recognition scores in the all congruent condition led to low overall error and 

thereby, zero values for smell-label pairwise accuracy (see Table 5-16a). 
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The covariance analysis for smell-label pairwise accuracy (see Table 5-17) did not reveal 

significant effects from any of the covariates nor did it alter the pattern of results. Thus, 

the effect of congruency was again significant [F(4,150) = 3.89, p = .005]. However, 

regardless of whether the covariates were incorporated in the analysis or not, order of 

exposure did not play a significant role, either in isolation or in combination with any 

other factor. 

The ANOVA on smell-color pairings revealed a near significant effect of congruency 

[F(4,164) = 2.30, p = .061; see Table 5-18]. Consistent with expectations, the proportion 

of smell-color accuracy was highest in the smell-color congruent condition, relative to the 

three conditions where the smells and colors were not congruent (X = .26 in SC vs. .06, 

.07 and .13 in CL, SL and NC respectively; see Table 5-18a). The pairwise comparisons 

involving SC (see Table 5-18b) indicated a significant difference in the case of CL and 

SL; however, the contrast with the none congruent condition was not significant. As 

before, the anticipated effect for the AC condition could not be examined because of zero 

values for smell-color accuracy in this condition (see Table 5-18a). 

In the corresponding analysis of covariance (see Table 5-19), a significant gender effect 

was obtained, with the proportion of smell-color accuracy being higher for males than for 

females. Further, once the covariates were included, the impact of congruency attained 
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significance [F(4,150) = 2.59, p = .039]. However, in both analyses pertaining to this 

variable, the impact of order of exposure was insignificant. 

In sum, the results support our anticipation that congruency would play a crucial role in 

learning of pairs involving smells but would be less important in the case of visual/verbal 

learning. While isolated effects were obtained for the covariates, their presence did not 

detract from the impact of congruency (and, in one instance, served to highlight it). 

Order of exposure continued to play at best a minor role, having no direct effects but 

rather, only being involved in marginally significant higher order interactions. 

5.4.2.1 Effects of Congruency on Pairwise Confidence 

We now turn to a comparison of actual vs. perceived pairwise learning performance. 

Each of the three pairwise confidence ratings were subjected to 5 X 2 ANOVAs to 

examine potential variations due to congruency. 

As with pairwise learning, the results did not reveal a significant effect of congruency on 

color-label confidence [F(4,164) = 1.35, p = .252; see Table 5-20], although the patterns 

of means and contrasts (see Tables 5-20a&b) indicated some facilitation in the AC 

condition (but not in the CL condition). Thus, confidence ratings in the AC condition (X 

= 6.76) were marginally higher than those in SC and CL (X = 6.32 in both) and 
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significantly greater than ratings in NC (X = 6.26). However, ratings in AC were not 

significantly different from those in SL (X = 6.57), which is akin to our findings for 

overall confidence. The corresponding analysis of covariance (see Table S-21) also did 

not reveal any significant effects. 

By contrast, congruency had a significant effect on smell-label confidence [F(4,164) = 

5.63, p = .001; see Table 5-22]. As would be expected, confidence ratings were higher in 

the AC and SL conditions (X s = 6.56 and 6.16 respectively; see Table 5-22a) than in the 

SC, NC and CL conditions (Xs = 5.74, 5.51 and 5.32 respectively), although the contrast 

between SL and SC was not significant (see Table 5-22b). The results also revealed a 

marginally significant order by congruency interaction [F(4,164) = 2.15, p = .077]. This 

was mainly driven by differences between the two orders in the CL condition (see Figure 

5-6). Specifically, subjects in the CL condition were more confident of their smell-label 

pairings when they were exposed to the smells before (rather than after) the visual/verbal 

cues. This parallels the findings for overall confidence among females in the same 

condition (i.e., CL) and again is reflective of subjects' preference for examining the 

smells before being confused by visual/verbal cues that point in a different direction. 

The analysis of covariance on smell-label confidence showed a significant direct effect of 

familiarity and a marginally significant inverse effect from age (see Table 5-23). 



130 

Nevertheless, the impact of congruency was still significant [F(4,150) = 2.52, p = .044] 

while the order by congruency interaction also attained significance [F(4,150) = 2.67, p = 

.035]. 

Confidence in smell-color pairings was also found to be a flmction of congruency 

[F(4,164) = 5.92, p = .001; see Table 5-24]. The means and contrasts (see Tables 5-

24a&b) showed that smell-color confidence was significantly higher in the AC, SL and 

SC conditions (X s = 6.47,6.32 and 6.06 respectively) than in the CL and NC conditions 

(X s = 5.50 and 5.40 respectively). Interestingly, while facilitation in the SC condition is 

to be expected for smell-color confidence, ratings in the SL condition continued to be 

surprisingly high. The corresponding analysis of covariance revealed a significant direct 

effect of familiarity and a near significant inverse age effect (see Table 5-25); yet, 

congruency was still significant [F(4,150) = 3.05, p = .019]. 

Thus, the overall finding of significant congruency effects for smell-label and smell-color 

confidence but not for color-label confidence parallels the pattern indicated in the 

pairwise learning data. However, as with overall confidence, ratings in the SL condition 

were consistently higher than expected and were not significantly different from those in 

the AC condition for any of the variables. 
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5.4.3 Incongruency and Cue Alignment 

The final congruency hypothesis examined the issue of whether the encoding and 

retrieval of the sole incongruent cue in a product offering would be swayed by the other 

congruent elements. We suggested that, given the perceptual and interference 

mechanisms that impede olfactory learning, this was more likely to happen in the case of 

smells rather than visual/verbal elements. Thus, H6 predicted that an incongruent smell 

would be more prone to align with the congruent elements than an incongruent color or 

label. 

Since we are interested in situations where there is one incongruent element and the 

remaining elements are congruent with each other, only three conditions are relevant, 

namely color-label congruent (CL; in which the smell is the incongruent cue), smell-label 

congruent (SL; in which the color is the incongruent cue) and smell-color congruent (SC; 

in which the label is the incongruent cue). Thus, the analyses discussed below only 

include these three conditions for the congruency factor. As we mentioned earlier, the 

dependent variable of interest, viz., cue alignment, was operationalized as the number of 

all-congruent items that were mistakenly indicated in recognition. 
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The results revealed a significant effect of congruency on cue alignment [F(2,99) = 16.62, 

p = .001; see Table 5-26]. As expected, the all congruent combinations were selected 

more often when the smell was the sole incongruent cue (X = 1.24 in CL; see Table 5-

26a) than when the color or the label were the incongruent cues ( X s = .38 in SL and .12 

in SC). Further, the contrasts (shown in Table 5-26b) were significant (at p = .001) when 

CL was compared with the remaining two conditions but not when SL and SC were 

compared with each other. The covariance analysis (see Table 5-27) did not indicate any 

significant effects for the covariates. Also, inclusion of the covariates did not affect the 

impact of congruency [F(2,90) = 15.75, p = .001]. Finally, both analyses failed to reveal 

any significant effects involving order of exposure. 

In sum, all the congruency hypotheses were supported by the findings (see Table 5-28 for 

a summary of the means for all the congruency variables). Further, interesting 

similarities as well as differences were found in the pattern of results for objective (i.e., 

accuracy) vs. subjective (i.e., confidence) measures. Regarding the covariates, familiarity 

appeared to have significant impact, while the effects of age were less potent (perhaps 

because of the use of undergraduate students as subjects in the study). Apart fi'om the 

main effect on the proportion of smell-color accuracy, gender was primarily involved in 

marginally significant higher order interactions involving order and/or congruency. The 

effects of order of exposure were just as minimal. These effects and the overall impact of 

this factor are examined in the next section. 
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5.5 Impact of Order of Exposure 

For the primary performance measures examined in the study (viz., overall learning, 

learning of the three pairwise associations and cue alignment), order of exposure did not 

have a significant effect, either by itself or in conjunction with congruency. The only 

observed effects were two marginally significant three-way interactions with congruency 

and gender in the covariance analyses. For the confidence measures, order of exposure 

again did not play a significant role by itself. However, it was again involved in two 

interaction effects, a three-way interaction with congruency and gender for overall 

confidence and an interaction with congruency for smell-label confidence (which was 

marginal in the ANOVA but attained significance in the corresponding covariance 

analysis). Finally, a marginal interaction with congruency was obtained for the smell-

color appropriateness check. 

Although not conclusive proof, the minimal role observed for this factor is consistent 

with the notion that olfactory encoding can, in general, be influenced by visual and/or 

verbal cues regardless of whether the smell is experienced before or after the cues. 

However, the effects mentioned above do raise the possibility of order being a relevant 

determinant of (objective and subjective) associative brand knowledge under certain 

circumstances. One recurrent theme was the issue of variations due to gender in the order 

in which individuals prefer to process specific combinations of multimodal stimuli. 

Thus, it may be premature to completely dismiss the role of the order of exposure factor 
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without additional testing geared toward systematically examining its interplay with 

gender and congruency. 

5.6 Summary 

This chapter detailed the results of the experiment undertaken to examine multimodal 

brand learning. We began by elucidating the steps that were taken to verify the success 

of the congruency manipulation and isolate the cause of observed effects to the factors 

under consideration. We then examined support for our prediction that visual/verbal 

dominance would be manifested in learning of pairwise associations, confidence in this 

learning and retrieval strategy. The next section provided a review of evidence regarding 

the effect of congruency on overall and pairwise learning as well as cue alignment, which 

was mterspersed with a discussion of some additional findings relating to the influence of 

congruency on confidence evaluations. The last section assessed the impact of the 

second factor, viz., order of exposure. In the next chapter, we synthesize the findings 

described herein and provide directions for managerial practice and future research. 
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CHAPTER 6 

CONCLUSIONS 

6.1 Overview 

Our final chapter begins by highlighting the key findings fi:om our study of multimodal 

brand learning. The next section examines the limitations imposed by the methodology 

adopted in our study. The following section reviews the major contributions of our 

research. The remaining two sections derive implications stemming from our empirical 

undertaking; the former targets the manager with practical recommendations while the 

latter provides the researcher with a program of study that could solidify understanding of 

this research domain. 

6.2 Synopsis and Discussion of Findings 

In this section, we first synthesize findings regarding the two major categories of 

hypotheses explored in our study, viz., visual/verbal dominance and the role of congruency. 

We then outline the effects obtained for the subjective confidence measures and compare 

them with the patterns for objective performance. Next, we simunarize results pertaining to 

the impact of order of exposure to brand elements, and the various stimulus and individual 
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factors used as covariates in our study. We end the section with a broad discussion of the 

mechanisms underlying the major findings. 

6.2.1 Visual/Verbal Dominance in Brand Learning 

One goal of our research was to examine the relative impact of smells vs. visual/verbal 

elements in shaping encoding of the brand concept. In this regard, our expectation that 

visual/verbal information would dominate in learning of the brand was confirmed 

(illustrated in Figure 6-1). Specifically, consumers were not only able to learn associations 

between the visual/verbal elements better (than associations involving smells) but they 

were also more confident in this knowledge and tended to access it first before attempting 

retrieval of the corresponding smell associations. Thus, firom both objective and subjective 

standpoints, visual/verbal links proved to be superior. Given this asymmetry in learning of 

linkages among brand elements, we can conclude that visual/verbal elements play a more 

crucial role than smells during brand concept formulation. 

6.2.2 Congruency and Associative Learning of Brand Elements 

The second goal of our research was to examine the impact of congruency among brand 

elements on the derivation of olfactory associations and learning of the brand. The 

congruency patterns (depicted in Figure 6-2) support the notion that smells constitute the 

'weak link in the chain' and need assistance from congruent cues in order to be incorporated 
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into the brand concept. Specifically, oiir study revealed that successful association of the 

smell with another element (be it visual or verbal) is more likely when the pair is 

congruent. By contrast, associations between the visual-verbal elements are leamed quite 

readily, regardless of whether the two elements are congruent or not. 

The congruency patterns further indicated that smells are far more malleable than the 

visual/verbal elements. Thus, when the smell is the sole incongruent element in the 

product offering and the visual/verbal elements consistently point in a different direction 

(i.e., are congruent with each other - CL condition), the smell is quite often aligned with the 

other elements. By contrast, alignment of the incongruent cue occurs much less frequently 

in the case of visual or verbal elements. This finding reaffirms the importance of 

congruency for accurate derivation of olfactory associations. 

Finally, as predicted, brand learning was contingent on the number of congruent cues that 

were present to assist in the derivation of olfactory links. Thus, recognition of the brand 

was best when both the visual and the verbal elements were congruent with the smell (AC 

condition) and moderate when one element, either visual or verbal, was congruent with the 

smell (SC and SL conditions respectively). In the situation where the visual and verbal 

elements were alone congruent with each other (CL condition), no cues exist to assist in the 

encoding of olfactory associations. Further, as discussed above, there was a tendency for 

the smell to be mistakenly aligned with the other elements. As a result, brand recognition 

was poor under these circumstances. It is interesting to note that performance in the CL 
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condition was significantly worse than in conditions where one visual/verbal element was 

congruent with the smell (i.e., SC and SL), even though a pair of elements is congruent in 

all three cases. In fact, recognition of the brand was not significantly worse (and was even 

directionally better) when none of the pairs was congruent (NC condition) than when the 

smell was the sole incongruent cue (see Table S-8a). Taken together, these results suggest 

that when learning all the elements as a brand entity is a priority, it is the number of 

elements that cue the smell that is the key issue, not the number of elements that are 

congruent with each other (within the visual/verbal domain). 

6.2.3 Comparisons Between Subjective and Objective Brand Knowledge 

An examination of the patterns for actual vs. perceived performance in overall and pairwise 

learning revealed interesting similarities as well as differences. As mentioned earlier, both 

the confidence ratings and the actual performance data showed general superiority for 

color-label links over smell-related pairwise associations. However, the confidence ratings 

were fairly high for all three pairs. 

Similarly, while congruency had a significant effect on both actual and perceived overall 

learning, subjects in all the congruency conditions tended to be quite confident when 

evaluating their overall learning performance. Thus, while the actual performance data 

(described above) showed three distinct tiers (AC; SL & SC; CL & NC), confidence ratings 

were fairly high even in the CL and NC conditions. In fact, the ratings in the CL condition 
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were not significantly different from those in the SC condition, which suggests that the 

congruent visueil/verbal pair may have guided processing of the incongruent odor and 

induced a false sense of confidence in learning accuracy. Another interesting departure 

was the high confidence exhibited in the SL condition, which was equal to that in the AC 

condition. Even though a congruent color is just as effective as a congruent label in cueing 

the odor (as evidenced by equivalent performance in SC and SL), perhaps the task of odor 

processing seems more straightforward when the label serves as the cue. Further, although 

the presence of two congruent cues (AC condition) provides maximum facilitation in 

learning, it appears that a congruent label is sufficient to instill a sense of confidence 

among subjects and no incremental gains are obtained by the inclusion of a congruent 

color. 

The pairwise learning results (discussed above) indicated that congruency plays a 

beneficial role in the learning of smell-color and smell-label associations but was not 

important for the learning of color-label links. This pattem was mirrored in the confidence 

data. Again however, as with overall confidence, ratings in the SL condition were 

uniformly high and were not significantly different from those in the AC condition for any 

of the pairs. This suggests that, when a congruent label is available to cue the odor, the 

apparent simplicity of the odor processing task generates a halo of confidence in the 

learning of all the elements of the brand. 
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6.2.4 Role of Other Stimulus, Processing and Individual Factors 

While investigating the role played by congmency (in associative learning of brand 

elements) was the primary focus of our research, our study also examined the impact of 

supplementary stimulus (i.e., odor familiarity), individual (i.e., age, gender) and processing 

(i.e., order of exposure to brand elements) factors. We now turn to a discussion of the 

effects relating to each of these factors. 

Consistent with previous research (e.g., Davis 1981), odor familiarity was found to have a 

strong positive influence on both actual and perceived performance. Thus, when the smells 

were seen as more familiar, subjects made fewer errors in associating the smells with the 

visual/verbal elements, leading to higher recognition performance. Subjects were also 

more confident of their overall performance as well as of their ability to correctly link the 

smells to the corresponding labels and colors. 

Age, on the other hand, predictably had an adverse effect on recognition performance as 

well as on subjects' confidence in their overall performance and their ability to accurately 

associate the smells with the labels and colors. However, the age effects were not as 

powerful, possibly because our subject pool, which consisted of undergraduate students, 

did not have adequate representation fi:om older age groups. 

In accordance with previous findings suggesting female superiority in odor identification 

(e.g., Cain 1982), females in the SC and SL conditions oiitperformed males in overall 
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recognition. Thus, it appears that subjects of both sexes found learning of all congruent 

stimuli (AC condition) quite easy and learning of stimuli with no inherent cues for odor 

identification (CL and NC conditions) quite difficult. But, in the two moderately 

facilitative conditions (SC and SL), females had an edge over males in overall recognition, 

potentially due to their superior ability to identify odors. However, in one instance of 

pairwise learning (i.e., color-smell learning), males did perform better than females. 

Our study had exposed subjects to the three brand elements in one of two sequences, 

primarily to explore whether availability of the visual/verbal elements prior to vs. after 

experiencing of the odor had an impact on the results. While we did not obtain any main 

effects from the order of exposure factor, some interactions with congruency and gender do 

raise the tantalizing prospect of order of exposiu:e playing a role in associative brand 

learning under certain circumstances. For example, subjects in the CL condition tended to 

be less confident in their knowledge of smell-label linkages when the visual/verbal 

elements preceded the smells during initial exposure. This suggests that subjects prefer to 

process the smell first before they are confused by visual/verbal elements that point in a 

different direction (as is the case in CL). In a similar vein, females in the CL and NC 

conditions were less confident of their overall recognition performance when the labels and 

colors preceded the smells, which again reflects a preference for processing smells first 

when faced with incongruent visual/verbal cues. However, initial examination of 

vistial/verbal cues did help females when the cues were congruent with the odor. 

Specifically, females in the AC condition were more accurate in recognizing the smell and 
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were more confident of their recognition performance when the labels and colors preceded 

the smells. Interestingly though, this pattern was reversed in the case of males. Thus, 

males in the AC condition made fewer errors in recognizing the smell when they were 

exposed to the smells prior to the visual/verbal elements. Further, unlike females, males in 

the NC condition were less confident of their recognition performance when they 

experienced the smells first. In sum, while the results did not support a predominant role 

for order of exposure by itself, they did reveal some interesting variations based on gender 

and on the presence vs. absence of congruency between the odor and the accompanying 

visual/verbal elements. 

6.2.5 General Discussion 

It is evident from our results that the task of associating three color-label pairs was easy for 

subjects, regardless of whether the two elements were congruent or not. However, learning 

links to smells for three stimultis combinations proved more problematic. As we have 

mentioned, these problems may have arisen because of two phenomena that characterize 

odor processing, namely, impaired identifiability and proactive interference from prior 

associations. 

From an identification standpoint, it may seem paradoxical that the learning deficits 

occurred despite our use of relatively common smells in the study. But, it is important to 

realize that smell identifiability is better understood as a continuum rather than as an all-or-
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none ability (Schab 1991) and that, as mentioned previously, exact identification is often 

elusive even for common stimuli (Cain 1979). 

The uncertainty surrounding olfactory identification of even everyday objects renders 

individuals more susceptible to suggestion from information in other modalities. Thus, the 

nature of surrounding cues is an important determinant of whether an individual moves 

from an intermediate stage (e.g., the 'tip of the nose' state ~ Lawless and Engen 1977) to 

accurate identification (Davis 1981). An appropriate cue facilitates this process by 

corroborating the smell's identity while an incongruent cue interferes with this process, 

even to the extent of generating a mistaken identity for the smell. Further, because accurate 

identification is a precursor to proper encoding of smells and their associations, congruency 

between the smell and accompanying information is important for the learning process as 

well. 

It is interesting to compare the level of mterference generated by incongruency in the 

perception of smells vs. colors. In the standard Stroop (193S) interference paradigm (e.g., 

Zajano and Gorman 1986), where subjects are shown names of colors displayed in 

mismatched colors and asked to identify the depicted color, the interference from the 

incongruent color name slows the color identification process by a few seconds. Thus, 

only the latency of response is affected by incongruency in the case of colors. By contrast, 

because of the greater uncertainty inherent in odor processing, incongruent visual/verbal 

information may affect even the accuracy of identification in the olfactory mode. 
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Thus far, we have examined our results from the standpoint of impoverished smell 

identification. But, as we have mentioned, proactive interference in associative learning 

(which too is less prevalent in the case of visual/verbal stimuli) may also have given rise to 

observed deficits in the learning of olfactory associations. From this latter viewpoint, 

learning new associations to the smells may have been hampered by the strength of their 

prior associations. This interference may be minimal when congruent associations are to 

be learned but may be intensified when the new associations are incongruent with prior 

expectations. 

6.3 Limitations 

As the review in the preceding section indicates, we obtained some interesting findings 

regarding multimodal brand learning in our study. However, these results should be 

interpreted keeping in mind certain limitations imposed by the methodology used in the 

study. 

First, the study was conducted in a laboratory setting. This was necessary in order to 

maintain strict control over procedures and thereby ensure internal validity. However, as 

Schab (1991) notes, such a context may not be very conducive to learning smell 

associations because it requires subjects to associate multiple, personally irrelevant odors 

with other elements. Instead, if odors are encountered singly within the context of a 
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personally meaningful experience, odor associations may be easier to learn. This may in 

part account for the discrepancy between the poor odor associating performance obtained 

in various experimental studies (including ours) and the folklore asserting the power of 

odors to evoke even distant experiences (Schab 1991). Thus, research that more faithfully 

simulates the circumstances under which odors are encountered in everyday situations may 

be able to shed further light on this issue. 

Second, imdergraduate students were used as subjects in the study. Since variations in age 

are limited within this group, the question arises as to whether the results are generalizable 

beyond this sample. In this regard, prior research has shown that while age acts as an 

additional impediment, identification of smells is poor even among young adults. Further, 

examining the influence of age was not a critical objective in this research. Thus, the 

sample was deemed acceptable for our purpose. 

Third, we used colors to represent the visual element in the product offering. This choice 

was made because colors are also simple, unitary concepts like odors and this afforded 

comparability between the two sensory elements. However, since visual stimuli vary in 

complexity, the impact of using more complex stimuli such as pictures needs to be 

examined in future research. 

Fourth, although there are six possible sequences in which subjects can examine the three 

elements used to represent the brands, the study did not test all six orders. Instead, beca\ise 
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order of exposure was not the primary focus of our research, we simplified the design by 

using only two levels for this factor. These two orders allowed us to examine the primary 

issue of interest regarding this factor, viz., the impact of exposure to smells prior to vs. after 

examination of the visual/verbal elements. Further, the two orders could be compared with 

each other because they were mirror images, (i.e., one was the reverse of the other). 

However, a fuller examination of the role of order of exposure is warranted, especially 

given the minimal impact of the factor in our study. 

Fifth, our exploration of congruency was restricted to situations where pairs of elements 

were either congruent or incongruent with each other. Thus, we did not examine neutral 

"non-congruent" situations, i.e., where there were no clear congruent or incongruent 

relationships. Whereas for the five conditions that we examined, we were able to develop 

stimuli using various combinations of the same smells and visual/verbal elements, a neutral 

condition would require the use of different smells that had no clear congruency 

relationships with any visual/verbal elements. This which would have compromised 

equivalency with the other conditions and therefore made comparisons with them less 

meaningful. Nevertheless, an independent examination of the learning of such neutral 

stimiili represents a useful future research endeavor. 

Finally, since the study did not include separate tests for pairwise learning, the data on 

pairwise associations was derived fix)m an examination of errors committed in the 

recognition task. Use of such data imposed some constraints during analysis and 
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interpretation. For instance, the raw scores had to be converted to proportions of error in 

order to enable comparisons across congruency conditions. Also, comparisons with the AC 

condition could not be made for two of the three pairwise learning variables because near 

perfect recognition performance led to zero values for these variables in this condition. 

Further, certain results had to be interpreted in light of the fact that the data were derived 

from recognition errors. However, although separate tests would have circumvented such 

problems, use of multiple tests was considered problematic for two reasons. First, each 

subsequent test would be contaminated by subjects' exposure to the stimuli in the previous 

tests. Second, repeated exposure to stimuli would have led to fatigue effects (especially in 

the case of odors). 

6.4 Contributions 

Notwithstanding the above limitations, our study makes significant contributions to both 

marketing and psychology. In the field of marketing, the study of odor cognition is in its 

infancy. While some studies have examined the role of odors in consumer evaluations and 

choice (e.g.. Bone and Jantrania 1992; Mitchell et al. 199S), our study is the first to 

investigate the learning of multimodal brands. As such, it provides valuable theoretical and 

practical insights regarding the cognitive mechanisms that underlie consumer processing of 

multimodal brands. Further, by exploring the role of congruency in the learning of such 

brands, the study increases our understanding of the kinds of multimodal combinations that 
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promote associative learning and offers directions to managers who desire to incorporate 

scents in their offerings. 

Our study also extends previous work in psychology. While some researchers (e.g., Davis 

1981; Zellner et al. 1991) have explored the impact of congruency between colors and 

smells and others (Cain et al. 1994) have suggested the presence of contextual effects 

arising from (in)appropriate word cues, these studies relate only to odor identification and 

not to learning. The only evidence for odor-word congruency effects on memory comes 

from two studies by Gabassi and Batic (Batic and Gabassi 1987; Gabassi and Batic 1987). 

However, as described earlier, their focus was on memory for either the names or the 

odors, as demonstrated by performance on verbal recall tests. Thus, none of these studies 

examines the learning of associations between information in different modes. Further, in 

contrast to the triadic setting provided in our study, previous studies of cross-modal 

congruency have only used visual or verbal cues to accompany the odors but not both. 

Studies that have examined the learning of odor associations (e.g., Davis 1975, 1977), on 

the other hand, have not explored the role of congruency. Further, they too have only used 

paired associate learning contexts. Thus, our study marks the first attempt to examine the 

impact of congruency among elements in olfactory, visual and verbal modalities on the 

learning of associations among them. 
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An additional theoretical contribution relates to our findings regarding alignment of smells 

(with visual/verbal elements that point in a different direction). These findings represent 

the first empirical support for speculations by previous researchers (e.g., de Wijk et al. 

1995; Schab and Cain 1991) that odor processing can be plagued by perceptual errors 

(although we do provide an alternative explanation from the proactive interference 

standpoint). A final theoretical contribution stems from the fact that order of exposure to 

various elements has not been explicitly manipulated in any previous study. 

From a methodological standpoint, the study makes a contribution by devising a 

recognition-based test of associative learning among sensory elements. Whereas in a 

standard recognition task, subjects are asked to distinguish between target items and new 

items included as distractors, our test did not include any new items in any of the three 

modes. Instead, we provided only various combinations of the same set of elements. Thus, 

successful performance on the task was solely contingent on proper encoding of 

associations among the elements. The advantages of using such a task were twofold. First, 

in the recognition paradigm, all test elements are provided in their respective modalities; 

thus, there is a modality match between encoding and retrieval for all the modes studied 

(which is not the case in recall tasks). Further, unlike in a paired-associate task where one 

element is used as a cue for retrieval of another, the recognition format does not impose 

any directionality during retrieval. 
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6.5 Managerial Implications 

From a practical standpoint, the results of our study provide several implications for 

managers. In general, when only visual and verbal elements are involved in a brand 

ofFering, managers may have greater latitude in selecting them, since associations between 

them are easy to leam. Further, even when smells are incorporated in a product, they may 

not usually be learned overnight; rather, it might often take prolonged use of the product 

before smells are tied to the brand concept. Until then, the image of the brand may be 

defined by the visual/verbal elements and consumers may rely on them for brand 

recognition. However, given the additional investment in creating a multimodal brand, it is 

in the manager's interest to help expedite linkage of the smells to the other elements in the 

brand. In this regard, care is needed to ensure that the right combination of elements is 

selected in order to promote the intended objective in developing a multimodal brand. 

In some instances, companies are interested in promoting learning of the particular 

fragrance used in the offering, in order to create equity for that scent in the context of the 

brand. This equity can then be translated into brand extension and licensing opportunities. 

For example, Johnson and Johnson has profited fi:om use of its "baby powder" scent in 

multiple products. In this manner, companies often develop "signature fragrance lines", 

i.e., cany an assortment of products all using the same scent. Our results would suggest 

that learning of such fragrances as part of the brand concept might be facilitated if 

companies choose scents that can be defined in terms of some preexisting connections in 

consumers' minds and then use the visual/verbal elements to tap these connections. Thus, 
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the current trend of using "undefinable" scents for consumer products (Branna 1991) may 

mean that consumers would take longer to associate these scents with the respective 

brands. 

In other cases, companies may be interested in using smells with a definite identity in order 

to suggest specific connotations or induce consumers to draw desirable brand inferences. 

For example, a brand of sunscreen may use a coconut scent to connote use of the product in 

a tropical island setting while a detergent may include a lemon scent to suggest the attribute 

of fi^shness. In this way, companies try to achieve a distinct brand image and promote 

product discrimination within the company's product line or across competing brands. 

However, in order for consumers to derive the appropriate brand connotations, they need to 

be able to correctly identify and encode the smell as part of the brand concept. Our results 

show that this is hard to accomplish in the absence of any cues. Therefore, the 

visual/verbal information in the product or package should be used to cue the identity of the 

smell (e.g., the name "Pinesol" for a pine-scented cleaner, a yellow-colored package for a 

lemon-scented detergent). Further, our results suggest that optimal encoding is achieved 

when all the visual/verbal elements are tailored to uniformly cue the smell. 

The importance of selecting the right visual/verbal elements cannot be overstated, 

especially given the malleability of odor processing. Thus, consimiers may be guided by 

the visual/verbal elements in interpreting the smell and may not even be able to discern 

whether they are being misled by these elements or not In fact, even if the smell is the 
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feature used to differentiate the product, the task of communicating such differentiation 

may rest on the visual/verbal elements. Engen (1991) provides anecdotal evidence to show 

that the visual/verbal information ui a product can easily mislead consumers as to the 

identity of the product's smell. A well-known company selling a prominent brand of fruit-

flavored drinks once mistakenly swapped the labels on its strawberry and raspberry drinks. 

Although the company expected to be flooded with complaints, very few complaints were 

received and few consumers noticed the error. 

The malleability of smells may also act in managers' favor because the quality of the odor 

used may not be crucial, as long as there is consistency across the various visual/verbal 

elements in cueing the identity of the smell. Thus, companies may be able to get away with 

using synthetic/artificial scents that are not very good analogs of the original smell (Cain 

1980) and that may be further altered by the odors of product ingredients. This 

phenomenon also suggests that the advantage in using "undefinable" smells may lie in their 

flexibility of definition, i.e., companies may be able to define them in any manner to suit 

the desired positioning of the brand. 

One issue that needs to be considered when all the elements of the offering are geared 

around the smell is the extendibility of the brand. For example, when a brand name (such 

as Pinesol) provides a cue to the smell, the name might prove restrictive in future 

extensions. Thus, when Pinesol introduces a lemon-scented cleaner to compete with Lysol 

(and analogously, Lysol introduces a pine-scented version), the extension reflects an 
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incongruity between the name and the smell. In this regard, it might be interesting to 

explore whether the use of a neutral brand name along with a sub-brand name that connotes 

the smell lends itself to greater flexibility in extensions over time. 

Finally, the characteristics of the tai^et market may also play a role in determining the 

extent of assistance from surrounding cues that managers need to provide for consumers to 

incorporate the smell into the brand concept. For instance, older consumers may need 

maximum assistance while women may be able to encode the smells even with fewer cues. 

Additionally, use of smells that are familiar to the target market may make it easier for 

them to be encoded as part of the brand. 

6.6 Research Directions 

We now turn to a discussion of possible avenues for further research within the domain of 

associative learning of odors in general and the role of congruency in particular. 

6.6.1 Learning of Odor Associations 

Our study examined learning after a single exposure to the stimuli in the various 

modalities. Since the learning of odor associations was only mediocre, the question arises 

as to how this learning might progress as a result of multiple exposures to the stimuli. 

Research using varying levels of repetition can be conducted to shed light on this issue. 
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Previous research on odor recognition memory (Engen and Ross 1973; Lawless and Cain 

1975) has shown mediocre immediate performance but minimal deterioration over time. 

Thus, memory for those odors that were encoded was quite durable. Further, in a 

comparison with visual stimuli. Lawless (1978) found similar memory patterns for odors 

and meaningless free forms but much higher immediate memory as well as forgetting rates 

in the case of pictures. Hence, one arena for future research is to examine the impact of 

delay on the learning of visual/verbal associations vs. associations involving odors. 

As we have mentioned, we found surprisingly high levels of confidence in the smell-label 

congruent (SL) condition. While we reasoned that the presence of congruent labels (rather 

than colors) might make the learning task appear more straightforward to subjects, 

additional research is needed to probe the specific characteristics of labels vs. colors that 

led to this effect. More generally, although we found no differences between labels and 

colors in actual cueing efficacy, it would nevertheless be interesting to explore whether 

particular aspects of different elements within the visual/verbal domain render some 

elements more effective cues for smells than others. For instance, as mentioned earlier, 

there is wide variation in complexity among different visual stimuli (e.g., colors vs. 

pictures) and therefore, findings relating to one stimulus may not generalize to another. 

The preceding discussion indicating dissociations in recognition performance between free 

forms and pictures amplifies the need for research using multiple stimuli. Another factor of 

relevance may be the directness of the cueing by the visual or verbal element. Thus, a 
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word such as Pinesol directly cues the identity of the odor whereas word associates such as 

evergreen or a picture of a forest may serve as more indirect cues. 

6.6.2 Theoretical Underpinnings of Associative Odor Learning 

In our study, we described two phenomena that were unique to odor processing (i.e., 

impoverished identifiability and proactive interference) and argued that each of these could 

potentially have given rise to the observed effects of congruency on associative learning of 

smells. Thus, a priority for future research is to directly test the relative impact of the two 

phenomena on the learning of congruent and incongruent odor associations. One possible 

approach might be to examme the learning performance of two groups of subjects, with one 

group being informed of the identity of each odor. Since subjects in this group will not 

need congruent visual/verbal information to assist in odor identification, any facilitation in 

performance for congruent odor associations over incongruent ones can be attributed to 

minimization of proactive interference. Further, a comparison with the facilitation obtained 

for the group that is not informed of the odors' identities can reveal the incremental 

contribution due to assistance in odor identification. 

Developing a fuller understanding of the mechanisms that underlie the two phenomena is 

also an important avenue for future research. In regard to identifiability, it is unclear to 

what extent limitations in odor identification are driven by perceptual vs. linguistic factors. 

It is also not known whether these perceptual and linguistic shortcomings are innate (as 
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some have argued, e.g., Engen 1987) or whether they are caused by paucity in 

training/experience (Rabin 1988). Proponents of the latter view (e.g., Schab 1991) have 

observed that individuals more often encounter smells not in isolation but along with 

contextual cues. This may inhibit development of the ability to perceive smells well in 

their own right. The ability to name odors may be similarly impaired because young 

children are not taught to name objects by smell the way they are instructed to name objects 

visually (Schab and Cain 1991). These authors point out that persons who deliberately set 

out to leam odors, such as perfluners and flavorists, do manage to develop considerdble 

expertise in discriminating odors. This suggests another interesting direction for future 

research, namely, comparisons between experts and novices in their learning of odor 

associations. 

As regards proactive interference, Engen (1991) provides two potential explanations for its 

existence in olfactory memory. Furst, he suggests that the primary function of the sense of 

smell is to act as a sensor that signals possible threats to survival arising from food or the 

environment (e.g., spoiled food, gas leaks etc.). The role of proactive interference then is to 

assist survival by ensuring that the consequences of an unpleasant experience are not easily 

forgotten. Second, Engen suggests that odors may be encoded along with the surrounding 

context in such a way that it may be difScult to isolate memory for the odor from memory 

for other aspects of the experience, thereby impeding development of a new association 

with the odor. These explanations represent interesting possibilities that need to be 

empirically validated through additional research. 



157 

6.6.3 Effects of Congruency 

Our study revealed important differences in the role of (in)congruency in the case of 

olfactory vs. visual/verbal stimuli. However, our understanding in this realm could be 

extended by examining the impact of the extent of incongruency between the elements, as 

olfactory and visual/verbal modes may also differ in the manner in which varying degrees 

of incongruency with accompanying information is handled. Within the visual/verbal 

domain, moderate incongruity between complex stimuli has been found to induce attempts 

to resolve the incongruity, thereby promoting elaboration and learning (Mandler 1982; 

Meyers-Levy and Tybout 1989). Thus, an inverted-U shaped relationship may exist 

between extent of incongruency and associative learning of complex visual/verbal stimuli. 

Simple visual/verbal stimuli, on the other hand, may not provide scope for any resolution 

attempts. However, the simplicity of the stimuli also implies that elaboration may not be 

necessary for learning to occur. Therefore, associative learning in this case may be 

relatively unaffected by incongruity, regardless of degree. Finally, resolution attempts may 

not be undertaken in the case of smells either, but for a different reason, de Wijk et al. 

(1995) suggest that accompanying cues, unless clearly inappropriate, can drive the 

perceptual experience of smells. Therefore, one could speculate that low and moderate 

amounts of incongruity would cause the smells to be mistakenly aligned with the 

incongruous information and only extreme incongruity may cause interference. Hence, a 
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direction for future research may be to compare the effects of varying levels of 

incongruency on the learning of olfactory vs. purely visual/verbal associations. 

Additionally, an important extension to our study might be to examine the impact of 

congruency on preferences. On the one hand, Zellner et al. (1991) found that congruent 

odor-color combinations were preferred more than incongruent pairs. On the other hand, at 

least m the case of complex visual/verbal stimuli, a moderate amount of incongruity tends 

to increase evaluations (Meyers-Levy and Tybout 1989). Thus, further research is needed 

to clarify the role of congruency in optimizing preference in the case of multimodal brands. 

Another interesting arena for future research is exploring whether olfactory malleability has 

corresponding mood effects. A lot of recent attention in olfaction has centered around the 

professed therapeutic properties of various aromas, i.e., their ability to generate different 

moods. But, if incongruent visual/verbal cues (e.g., label, color, brand claims) can cause 

the odor's identity to be mistaken, will the presence of such cues also alter the mood 

induced by the odor? 

Finally, as we have mentioned earlier, additional research is needed to more thoroughly 

investigate the interplay among congruency, gender and order of exposure (with all six 

orders being systematically included). 
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6.7 Summary 

We began this chapter by reviewing the major findings from our empirical effort. We then 

highlighted the limitations as well as contributions of this undertaking. Next, we described 

the practical gmdelines that could be derived from our research. Finally, we suggested 

several avenues for further exploration that could build on the foundation laid herein. 

In conclusion, we have taken one step toward gaining an understanding of the learning of 

multimodal product offerings. While our results provide interesting and convergent 

evidence for the uncertainty inherent in associative learning of odors and the role of 

congruency in influencing such learning, much remains to be learned about the 

opportunities and challenges provided by the incorporation of scents in brands. 
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Figure 1-1: Triad of Brand Elements Used in the Study 

Smell 

Color Label 
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Figure 2-1: Fragmented Figure Representing a Dog Sniffing the Ground 
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Figure 4-1: Experimental Procedure 

Subjects seated at designated locations and provided instructions, 
questionnaires and stimuli 

Subjects examine the elements of each brand in a specific order 
and rate the appeal of each brand 

Subjects undertake distractor task 

Subjects undertake reco^tion task and indicate 
confidence and recognition strategy 

Manipulation check and covariate measures obtained 
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Figure 5-1: Order by Congruency Interaction for Smell-Color Appropriateness 
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Figure 5-2: Congruency by Gender Interaction for Recognition Accural 
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Figure 5-3: Interaction between Order, Congruency and Gender for Overall 
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Figure 5-4: Interaction between Order, Congruency and Gender for Weighted 
Recognition Accuracy 
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Figure 5-5: Interaction between Order, Congruency and Gender for Color-Label 
Pairwise Accuracy 
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Figure 5-6: Order by Congruency Interaction for Smell-Label Confidence 
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Figure 6-1: Sciiematic Depiction of VisualA^erbal Dominance Effects 
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Figure 6-2: Sciiematic Depiction of Congruency Effects 
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Table 4-1: Summary of Manipulations Used in the Study 

I. Order of Exposure Manipulation 

Condition First Element Second Element Third Element 

S-C-L Smell Color Label 

L-C-S Label Color Smell 

IL Congruency Manipulation 

Condition Explanation 

AC All Congruent 

CL Color and Label Congruent; Smell 
Incongruent 

SC Smell and Color Congruent; Label 
Incongruent 

SL Smell and Label Congruent; Color 
Incongruent 

NC None Congruent 
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Table 4-2: List of Pretest Stimuli 

Scent Categories Essential Oils Used 

Spicy cloves, cinnamon, ginger 

Sweet light amber, ambergris, vanilla bean 

Minty peppermint, spearmint, wintergreen 

Fruity mango, banana, peach 

Woody sandalwood, cedarwood, birch 

Citrus lemon, lime, grapefruit 

Musky arabian musk, white musk, mood of musk 

Floral rose, carnation, gardenia 

Coniferous spruce, pine, juniper 
(Evergreen) 

Herby basil, clary sage, rosemary 
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Table 4-3: Pretest Results (Round 1) - Frequency of Responses Indicating the 
Appropriateness of Categories for Each Scent 

Scents 
(Stimuli) 
1. Spicy 

Categories fltesponses) 
fhiity floral minty herby woody spicy citrus sweet coni- musky 

ferous 
(Ever
green) 

13 

2. Sweet 

3. Minty 
4. Fruity 11 
5. Woody 

6. Citrus 6 

7. Musky 

8. Floral I 
9. Coni
ferous 
(Ever
green) 
10. Herby 

14 

I 

17 

5 

1 
2 

14 

13 

15 

1 2 

other 
responses 

apples and 
cinnamon, 
cinnamon, 
cinnamon 
rolls 

rain and 
dirt, 
Tigerbalm/ 
Eucalyptus 
/Bengay, 
Chinese 
medicine, 
fowl 
Pinesol 
cleaning 
liquid, 
Pinesol 
perfimie, 
perfume. 
Old Spice 

pinetree 
woody, 
herby/ 
woody 
cleaning 
material, 
black 
liquorice/ 
tree bark/ 
herbs, 
sweaty 
socks 

Note: Number of subjects = 18 (for items 1-5), 19 (for items 6-10) 
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Table 4-4: Pretest Results (Round 1) Frequency of Responses Indicating the 
Appropriateness of Colors for Each Scent 

Colors (Responses) 

violet blue green yellow orange red pink purple brown other responses 

Scents 
(Stimuli) 

1. Spicy 

2. Sweet 

3. Minty 

4. Fruity 

5. Woody 

6. Citrus 

7. Musky 

8. Floral 

9. Coniferous 
(Evergreen) 

2 

4 

1 

2 

2 

6 

2 

2 

10 

1 

1 

2 

8 

1 

1 

2 

1 

1 

1 

2 

10. Herby 

Note: Number of subjects = 12 (for items 1-5), 13 (for items 6-10) 

white, white 

blue/green 

grey, black(3), turquoise, 
white 

black(2), sage, white, mud, 
grey 
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Table 4-5: Pretest Results (Round 2) - Frequency of Responses Indicating the 
Appropriateness of Names for Each Scent 

Names (Responses) 

Amber Flora Musky Citron Zesty Pinea Woodsy Menthe Cinamy Exotique other 
responses 

Scents 
(Stimuli) 

1. Spicy 

2. Citrus 

3. Floral 

4. Minty 

5. Evergreen 

1 

6 

1 

7 

1 

10 

spearmint 

harsh 

Note: Number of subjects = 13 
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Table 4-6: Pretest Results (Round 2) - Frequency of Responses Indicating the 
Appropriateness of Colors for Each Scent 

Colors (Responses) 

violet blue green yellow orange red pink purple brown white other responses 

Scents 
(Stimuli) 

1. Spicy 1 9 3 

2. Citrus 5 5 1 LimeA'ellow, Aquamarine 
(Blue/Green) 

3. Floral 3 2 2 Lavender (Purple) 

4. Minty 4 2 2 2 Cinnamon (Red) 

5. 
Evergreen 

6 4 Mauve, Pine 

Note: Number of Subjects = 13 
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Table 4-7: Pretest Results (Round 2) - Frequency of Responses Indicating the 
Appropriateness of Colors for Each Name 

Colors (Responses) 

violet blue green yellow orange red pink purple brown white other responses 

Names 
(Stimuli) 

1.Flora 4 2 3 2 12 2 Aquamarine (blue/green) 

2. Citron 2 11 II I GreenA'ellow 

3. Pinea 16 3 1 I 2 3 

4. Menthe 7 13 6 

5. Cinamy 21 1 3 Lavender (Purple) 

Note: Number of Subjects = 26 
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Table 4-8: Pretest Results (Round 3) - Mean Values Indicating the Degree of 
Appropriateness of Names for Each Scent 

Flora Citron 
Scents 
(Stimuli) 

1. Spicy 1 1.19 

2. Citrus 1.81 5.71 

3. Floral 5.71 1.62 

4. Minty 1 1.24 

5. Evergreen 1.62 1.33 

Names 
(Responses) 

Pinea Menthe Cinamy 

1.33 1.57 6.62 

2.38 1.38 1.05 

1.71 1.24 1.43 

1.67 6.19 1.29 

5.38 1.62 1.05 
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Table 4-9: Pretest Results (Round 3) - Mean Values Indicating the Degree of 
Appropriateness of Colors for Each Scent 

Colors 
(Responses) 

Red Green Yellow Pink 
Scents 
(Stimuli) 

1. Spicy 6.43 2.32 1.82 3.21 

2. Citrus 1.64 5.32 4.96 1.86 

3. Floral 1.96 2.32 3.86 4.54 

4. Minty 2.43 4.79 2.68 2.39 

5. Evergreen 2.18 5.39 3.07 1.64 
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Table 4-10: Pretest Results (Round 3) - Mean Values Indicating the Degree of 
Appropriateness of Colors for Each Name 

Colors 
(Responses) 

Red Green Yellow Pink 
Names 
(Stimuli) 

1. Flora 3.76 3 3.68 5.84 

2. Citron 1.92 3.08 6.04 1.76 

3. Pinea 1.92 4.60 3.68 2.32 

4. Menthe 1.36 5.96 2.52 1.44 

5. Cinamy 6.48 1.68 1.56 2.44 
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Table 4-11: Stimulus Combinations in Each Congruency Condition 

Congruency Condition 

All congruent (AC) 

Smell and label congruent (SL) 

Smell and color congruent (SC) 

Color and label congruent (CL) 

None congruent (NC) 

Smells 

Spicy 
Minty 
Citrus 

Spicy 
Minty 
Citrus 

Spicy 
Minty 
Citrus 

Spicy 
Minty 
Citrus 

Spicy 
Minty 
Citrus 

Colors 

Red 
Green 
Yellow 

Green 
Yellow 
Red 

Red 
Green 
Yellow 

Green 
Yellow 
Red 

Green 
Yellow 
Red 

Labels 

Cinamy 
Menthe 
Citron 

Cinamy 
Menthe 
Citron 

Menthe 
Citron 
Cinamy 

Menthe 
Citron 
Cinamy 

Citron 
Cinamy 
Menthe 



1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
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Table 4-12: List of Recognition Stimuli 

Color Smell Label 

Yellow Citrus Menthe 
Red Minty Citron 
Green Spicy Citron 
Green Citrus Menthe 
Green Spicy Cinamy 
Green Minty Citron 
Green Spicy Menthe 
Green Minty Menthe 
Red Citrus Menthe 
Yellow Minty Menthe 
Red Spicy Menthe 
Yellow Minty Citron 
Green Citrus Citron 
Red Spicy Cinamy 
Yellow Minty Cinamy 
Red Citrus Cinamy 
Yellow Spicy Menthe 
Red Minty Cinamy 
Red Spicy Citron 
Yellow Citrus Cinamy 
Green Minty Cinamy 
Yellow Spicy Citron 
Yellow Citrus Citron 
Red Minty Menthe 
Yellow Spicy Cinamy 
Green Citrus Cinamy 
Red Citrus Citron 
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Table 4-13: Derivation of Accuracy Variables from Recognition Responses 

Accuracy Variable 

Stage I: Performance in Recognition 

Recognition Accuracy 

Error 

Stage II: Breakdown of Error 

Label-Color Pairwise Accuracy 

Label-Smell Pairwise Accuracy 

Color-Smell Pairwise Accuracy 

No Pairwise Accuracy 

Explanation 

Correct response, i.e., response matches 
target in all 3 dimensions 
Incorrect response, i.e., response differs 
from target in at least 1 dimension 

Response matches target in the Label-Color 
combination alone 
Response matches target in the Label-
Smell combination alone 
Response matches target in the Color-
Smell combination alone 
Response does not match any pairwise 
combination in the target 
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Table 5-1: Analysis of Variance Results for Smell-Label Appropriateness 

MS 

Main Effects 

Order 15.34 

Congruency 970.15 

Interaction 

Order x Congruency 12.95 

^ E 2 

1 .74 .392 

4 46.61 .001 

4 .62 .647 
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Table 5-la: Mean Values and Contrast for Smell-Label Appropriateness 

Mean 

Order 

Smell-Color-Label 3.82 

Label-Color-Smell 4.03 

Congruency 

All Congruent (AC) 6.05 

Color and Label Congruent (CL) 3.50 

Smell and Color Congruent (SC) 1.92 

Smell and Label Congruent (SL) 5.40 

None Congruent (NC) 2.65 

Contrast t-value £ 

AC & SL vs. 12.29 .001 

CL, SC&NC 
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Table 5-2: Analysis of Variance Results for Smell-Color Appropriateness 

m 

Main Effects 

Order 6.64 

Congruency 915.66 

Interaction 

Order x Congruency 32.54 

^ F £ 

1 .41 .523 

4 56.57 .001 

4 2.01 .095 
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Table S-2a: Mean Values and Contrast for Smell-Color Appropriateness 

Mean 

Order 

Smell-Color-Label 4.47 

Label-Color-Smell 4.31 

Congruency 

All Congruent (AC) 6.32 

Color and Label Congruent (CL) 3.81 

Smell and Color Congruent (SC) 6.20 

Smell and Label Congruent (SL) 3.14 

None Congruent (NC) 2.66 

Contrast t-value 2 

ACi&SCvs. 14.15 .001 

CL, SL & NC 
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Table 5-3: Analysis of Variance Results for Color-Label Appropriateness 

MS 

Main Effects 

Order 13.99 

Congruency 1275.89 

Interaction 

Order x Congruency 7.90 

^ F p 

1 1.09 .299 

4 99.12 .001 

4 .61 .654 
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Table 5-3a: Mean Values and Contrast for Color-Label Appropriateness 

Mean 

Order 

Smell-Color-Label 3.88 

Label-Color-Smell 4.10 

Congruency 

All Congruent (AC) 6.26 

Color and Label Congruent (CL) 6.20 

Smell and Color Congruent (SC) 2.40 

Smell and Label Congruent (SL) 2.95 

None Congruent (NC) 2.28 

Contrast t-value £ 

AC&CLvs. 19.66 .001 

SL, SC«feNC 



Table 5-4: Analysis of Variance Results for Appeal 
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Main Effects 

Order 

Congruency 

Interaction 

Order x Congruency 

MS ^ 

23.33 1 

4.04 4 

16.51 4 

E e 

2.40 .123 

.42 .797 

1.70 .153 
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Table 5-4a: Mean Values for Appeal 

Mean 

Order 

Smell-Color-Labei 3.56 

Label-Color-Smell 3.80 

Congruency 

All Congruent (AC) 3.79 

Color and Label Congruent (CL) 3.58 

Smell and Color Congruent (SC) 3.74 

Smell and Label Congruent (SL) 3.74 

None Congruent (NC) 3.54 
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Table 5-5: Mean Values and Contrasts for Aggregate Pairwise Accuracies 

Mean 

Color and Label Accuracy 0.78 

Smell and Color Accuracy 0.14 

Smell and Label Accuracy 0.22 

Contrasts t-value g 

Color and Label Accuracy vs. 7.17 .001 

Smell and Color Accuracy 

Color and Label Accuracy vs. 5.79 .001 

Smell and Label Accuracy 

Smell and Label Accuracy vs. 1.48 .14 

Smell and Color Accuracy 
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Table 5-6: Mean Values and Contrasts for Confidence in Pairwise Learning 

Mean 

Color and Label Confidence 6.45 

Smell and Color Confidence 5.95 

Smell and Label Confidence 5.86 

Contrasts t-value p 

Color and Label Confidence vs. 5.76 .001 

Smell and Color Confidence 

Color and Label Confidence vs. 5.95 .001 

Smell and Label Confidence 

Smell and Label Confidence vs. -1.31 .192 

Smell and Color Confidence 
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Table 5-7: Percentages and Chi-Square for Retrieval Strategy 

Percentage 

Smell-Color first followed by 10% 

Label 

Color-Label first followed by 75% 

Smell 

Smell-Label first followed by color 7% 

All three together 7% 

Other 1% 

Chi-Square(3) = 235.02, p=.001 
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Table 5-8: Analysis of Variance Results for Recognition Accuracy 

MS 

Main Effects 

Order .43 

Congruency 19.91 

Interaction 

Order x Congruency .30 

^ £ E 

1 .48 .491 

4 21.87 .001 

4 .33 .859 
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Table 5-8a: Mean Values for Recognition Accuracy 

Mean 

Order 

Smell-Color-Label 1.83 

Label-Color-Smell 1.71 

Congruency 

All Congruent (AC) 2.82 

Color and Label Congruent (CL) .97 

Smell and Color Congruent (SC) 2.09 

Smell and Label Congruent (SL) 1.89 

None Congruent (NC) 1.09 
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Table 5-8b: Contrasts for Recognition Accuracy 

Contrasts t-value p 

All Congruent vs. 8.084 .001 

Color and Label Congruent 

All Congruent vs. 3.208 .002 

Smell and Color Congruent 

All Congruent vs. 4.149 .001 

Smell and Label Congruent 

All Congruent vs. 7.636 .001 

None Congruent 

Color and Label Congruent vs. -4.876 .001 

Smell and Color Congruent 

Color and Label Congruent vs. -4.103 .001 

Smell and Label Congruent 

Color and Label Congruent vs. -0.506 .614 

None Congruent 

Smell and Color Congruent vs. 0.874 .383 

Smell and Label Congruent 

Smell and Color Congruent vs. 4.405 .001 

None Congruent 

Smell and Label Congruent vs. 3.618 .001 

None Congruent 
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Table 5-9: Analysis of Variance Results for Recognition Accuracy Weighted by 
Confidence 

MS 

Main Effects 

Order 9.13 

Congruency 967.77 

Interaction 

Order x Congruency 14.18 

F 2 

1 .21 .650 

4 21.90 .001 

4 .32 .864 
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Table 5-9a: IVlean Values for Recognition Accuracy Weighted by Confidence 

Mean 

Order 

Smell-Color-Label 11.60 

Label-Color-Smell 11.00 

Congruency 

All Congruent (AC) 18.41 

Color and Label Congruent (CL) 5.50 

Smell and Color Congruent (SC) 13.50 

Smell and Label Congruent (SL) 12.59 

None Congruent (NC) 6.54 
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Table 5-9b: Contrasts for Recognition Accuracy Weighted by Confidence 

Contrasts t-value 2 

All Congruent vs. 8.092 .001 

Color and Label Congruent 

All Congruent vs. 3.078 .002 

Smell and Color Congruent 

All Congruent vs. 3.722 .001 

Smell and Label Congruent 

All Congruent vs. 7.492 .001 

None Congruent 

Color and Label Congruent vs. -5.014 .001 

Smell and Color Congruent 

Color and Label Congruent vs. -4.539 .001 

Smell and Label Congruent 

Color and Label Congruent vs. -0.658 .511 

None Congruent 

Smell and Color Congruent vs. 0.579 .563 

Smell and Label Congruent 

Smell and Color Congruent vs. 4.392 .001 

None Congruent 

Smell and Label Congruent vs. 3.901 .001 

None Congruent 
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Table 5-10: Analysis of Covariance Results for Recognition Accuracy Using Gender, 
Familiarity and Age as Covariates 

^ ^ F 2 

Regression 9.09 2 11.53 .001 

Main Effects 

Order .00 1 .01 .941 

Congruency 10.99 4 13.94 .001 

Gender .72 1 .91 .340 

Interactions 

Order x Congruency .20 4 .25 .908 

Order X Gender .29 1 .37 .542 

Congruency X Gender 1.64 4 2.08 .087 

Order X Congruency X Gender 1.13 4 1.43 .226 

Regression Results 

Covariates Beta t-vaiue £ 

FamiKarity .33 4.32 .001 

Age -.14 -1.79 .076 
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Table 5-11: Analysis of Covariance Results for Recognition Accuracy Weighted by 
Confidence Using Gender, Familiarity and Age as Covariates 

MS F £ 

Regression 479.11 2 12.78 .001 

Main Effects 

Order .19 1 .00 .944 

Congruency 543.74 4 14.51 .001 

Gender 14.46 1 .39 .535 

Interactions 

Order x Congruency 10.07 4 .27 .898 

Order x Gender 9.12 1 .24 .622 

Congruency x Gender 70.13 4 1.87 .118 

Order x Congruency x Gender 74.94 4 2.00 .097 

Regression Results 

Covariates Beta t-value £ 

Familiarity .35 4.60 .001 

Age -.13 -1.77 .078 
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Table 5-12: Analysis of Variance Results for Overall Confidence 

MS 

Main Effects 

Order .40 

Congruency 54.57 

Interaction 

Order X Congruency 10,07 

F 2 

1 .04 .837 

4 5.79 .001 

4 1.07 .374 
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Table 5-12a: Mean Values for Overall Confidence 

Mean 

Order 

Smell-Color-Label 6,04 

Label-Color-Smell 6.07 

Congruency 

All Congruent (AC) 6.45 

Color and Label Congruent (CL) 5.79 

Smell and Color Congruent (SC) 6.04 

Smell and Label Congruent (SL) 6.45 

None Congruent (NC) 5.50 
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Table 5-12b: Contrasts for Overall Confidence 

Contrasts t-value p 

All Congruent vs. 2.658 .009 

Color and Label Congruent 

All Congruent vs. 1.663 .098 

Smell and Color Congruent 

All Congruent vs. 0.002 .998 

Smell and Label Congruent 

All Congruent vs. 3.849 .001 

None Congruent 

Color and Label Congruent vs. -1.007 .315 

Smell and Color Congruent 

Color and Label Congruent vs. -2.710 .007 

Smell and Label Congruent 

Color and Label Congruent vs. 1.143 .255 

None Congruent 

Smell and Color Congruent vs. -1.695 .092 

Smell and Label Congruent 

Smell and Color Congruent vs. 2.174 .031 

None Congruent 

Smell and Label Congruent vs. 3.928 .001 

None Congruent 
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Table 5-13: Analysis of Covariance Results for Overall Confidence Using Gender, 
Familiarity and Age as Covariates 

F e 

Regression 61.57 2 7.25 .001 

Main Effects 

Order .25 1 .03 .865 

Congruency 32.48 4 3.83 .005 

Gender 4.50 1 .53 .468 

Interactions 

Order x Congruency 10.18 4 1.20 .314 

Order x Gender 20.68 1 2.44 .121 

Congruency x Gender 6.82 4 .80 .525 

Order x Congruency x Gender 22.28 4 2.62 .037 

Regression Results 

Covariates Beta t-value e 

Familiarity .19 2.42 .017 

Age -.22 -2.75 .007 
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Table 5-14: Analysis of Variance Results for Color-Label Pairwise Accuracy 

MS 

Main Effects 

Order 2.60 

Congniency 2.33 

Interaction 

Order x Congruency 0.74 

^ F g 

1 1.60 .208 

4 1.43 .226 

4 .46 .767 
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Table 5-14a: Mean Values for Color-Label Pairwise Accuracy 

Mean 

Order 

Smell-Color-Label .54 

Label-Color-Smell .79 

Congruency 

All Congruent (AC) 1.00 

Color and Label Congruent (CL) .87 

Smell and Color Congruent (SC) .55 

Smell and Label Congruent (SL) .34 

None Congruent (NC) .57 
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Table 5-14b: Contrasts for Color-Label Pairwise Accuracy 

Contrasts t-value g 

All Congruent vs. 0.361 .719 

Color and Label Congruent 

All Congruent vs. 1.400 .163 

Smell and Color Congruent 

All Congruent vs. 2.122 .035 

Smell and Label Congruent 

All Congruent vs. 1.348 .179 

None Congruent 

Color and Label Congruent vs. 1.039 .300 

Smell and Color Congruent 

Color and Label Congruent vs. 1.753 .081 

Smell and Label Congruent 

Color and Label Congruent vs. 0.985 .326 

None Congruent 

Smell and Color Congruent vs. 0.692 .490 

Smell and Label Congruent 

Smell and Color Congruent vs. -0.062 .951 

None Congruent 

Smell and Label Congruent vs. -0.761 .448 

None Congruent 
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Table 5-15: Analysis of Covariance Results for Color-Label Pairwise Accuracy 
Using Gender, Familiarity and Age as Covariates 

MS F 2 

Regression 9.24 2 6.18 .003 

Main Effects 

Order 1.03 1 .69 .407 

Congruency 1.81 4 1.21 .309 

Gender .05 1 .03 .857 

Interactions 

Order x Congruency .78 4 .52 .720 

Order x Gender 1.41 1 .94 .333 

Congruency x Gender .54 4 .36 .838 

Order x Congruency x Gender 3.23 4 2.16 .076 

Regression Results 

Covariates Beta t-value £ 

Familiarity -.26 -3.29 .001 

Age .08 1.02 .311 
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Table 5-16: Analysis of Variance Results for Smell-Label Pairwise Accuracy 

MS 

Main Effects 

Order .03 

Congruency 1.17 

Interaction 

Order x Congruency .04 

F £ 

1 .14 .704 

4 5.16 .001 

4 .17 .956 
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Table 5-16a: Mean Values for Smell-Label Pairwise Accuracy 

Mean 

Order 

Smell-Color-Label .18 

Label-Color-Smell .16 

Congruency 

All Congruent (AC) .00 

Color and Label Congruent (CL) .04 

Smell and Color Congruent (SC) . 19 

Smell and Label Congruent (SL) .46 

None Congruent (NC) . 15 
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Table 5-16b: Contrasts for Smell-Label Pairwise Accuracy 

Contrasts t-value 2 

All Congruent vs. -0.381 .704 

Color and Label Congruent 

All Congruent vs. -1.698 .091 

Smell and Color Congruent 

All Congruent vs. -4.136 .001 

Smell and Label Congruent 

All Congruent vs. -1.320 .189 

None Congruent 

Color and Label Congruent vs. -1.318 .189 

Smell and Color Congruent 

Color and Label Congruent vs. -3.748 .001 

Smell and Label Congruent 

Color and Label Congruent vs. -0.936 .351 

None Congruent 

Smell and Color Congruent vs. -2.402 .017 

Smell and Label Congruent 

Smell and Color Congruent vs. -0.391 .696 

None Congruent 

Smell and Label Congruent vs. 2.820 .005 

None Congruent 
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Table 5-17: Analysis of Covariance Results for Smell-Label Pairwise Accuracy 
Using Gender, Familiarity and Age as Covariates 

MS ^ Z 2 

Regression .11 2 .46 .635 

Main Effects 

Order .09 1 .36 .548 

Congruency .92 4 3.89 .005 

Gender .26 I 1.10 .296 

Interactions 

Order X Congruency .12 4 .49 .743 

Order X Gender .36 1 1.52 .219 

Congruency X Gender .17 4 .74 .566 

Order X Congruency X Gender .09 4 .39 .817 

Regression Results 

Covariates Beta t-value £ 

Familiarity .00 .06 .953 

Age .08 .96 .341 
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Table 5-18: Analysis of Variance Results for Smell-Color Pairwise Accuracy 

MS 

Main Effects 

Order .02 

Congruency .33 

Interaction 

Order x Congruency .00 

^ F E 

1 .13 .715 

4 2.30 .061 

4 .03 .998 
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Table 5-18a: Mean Values for Smell-Color Pairwise Accuracy 

Mean 

Order 

Smell-Color-Label .09 

Label-Color-Smell .12 

Congruency 

All Congruent (AC) .00 

Color and Label Congruent (CL) .06 

Smell and Color Congruent (SC) .26 

Smell and Label Congruent (SL) .07 

None Congruent (NC) . 13 
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Table 5-18b: Contrasts for Smell-Color Pairwise Accuracy 

Contrasts t-vaiue 2 

All Congruent vs. -0.639 .524 

Color and Label Congruent 

All Congruent vs. -2.852 .005 

Smell and Color Congruent 

All Congruent vs. -0.822 .412 

Smell and Label Congruent 

All Congruent vs. -1.496 .137 

None Congruent 

Color and Label Congruent vs. -2.213 .028 

Smell and Color Congruent 

Color and Label Congruent vs. -0.170 .865 

Smell and Label Congruent 

Color and Label Congruent vs. -0.852 .396 

None Congruent 

Smell and Color Congruent vs. 2.089 .038 

Smell and Label Congruent 

Smell and Color Congruent vs. 1.377 .170 

None Congruent 

Smell and Label Congruent vs. -0.699 .486 

None Congruent 
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Table 5-19: Analysis of Covariance Results for Smell-Color Pairwise Accuracy 
Using Gender, Familiarity and Age as Covariates 

MS F E 

Regression .03 2 .19 .825 

Main Effects 

Order .00 1 .02 .887 

Congruency .37 4 2.59 .039 

Gender 1.11 1 7.87 .006 

Interactions 

Order x Congruency .00 4 .02 .999 

Order x Gender .03 1 .20 .655 

Congruency x Gender .26 4 1.87 .119 

Order x Congruency x Gender .02 4 .11 .978 

Regression Results 

Covariates Beta t-value e 

Familiarity -.03 -.38 .705 

Age .04 .46 .644 



219 

Table 5-20: Analysis of Variance Results for Color-Label Confidence 

MS 

Main Effects 

Order 2.50 

Congruency 1.54 

Interaction 

Order X Congruency 0.51 

^ F E 

1 2.20 .140 

4 1.35 .252 

4 .45 .774 
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Table 5-20a: Mean Values for Color-Label Confidence 

Mean 

Order 

Smell-Color-Label 6.57 

Label-Color-Smell 6.33 

Congruency 

All Congruent (AC) 6.76 

Color and Label Congruent (CL) 6.32 

Smell and Color Congruent (SC) 6.32 

Smell and Label Congruent (SL) 6.57 

None Congruent (NC) 6.26 



Table S-20b: Contrasts for Color-Label Confidence 

Contrasts 

All Congruent vs. 

Color and Label Congruent 

All Congruent vs. 

Smell and Color Congruent 

All Congruent vs. 

Smell and Label Congruent 

All Congruent vs. 

None Congruent 

Color and Label Congruent vs. 

Smell and Color Congruent 

Color and Label Congruent vs. 

Smell and Label Congruent 

Color and Label Congruent vs. 

None Congruent 

Smell and Color Congruent vs. 

Smell and Label Congruent 

Smell and Color Congruent vs. 

None Congruent 

Smell and Label Congruent vs. 

None Congruent 

t-value 2 

1.712 .089 

1.712 .089 

0.781 .436 

1.984 .049 

0.000 1.000 

-0.967 .335 

0.259 .796 

-0.967 .335 

0.259 .796 

1.239 .217 
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Table 5-21: Analysis of Covariance Results for Color-Label Confidence Using 
Gender, Familiarity and Age as Covariates 

MS ^ F 2 

Regression 1.64 2 1.44 .239 

Main Effects 

Order 2.39 1 2.10 .149 

Congruency 1.08 4 .95 .439 

Gender .40 1 .35 .554 

Interactions 

Order x Congruency .40 4 .36 .840 

Order x Gender .00 1 .00 .984 

Congruency x Gender 1.76 4 1.55 .190 

Order x Congruency x Gender 1.21 4 1.07 .375 

Regression Results 

Covariates Beta t-value E 

Familiarity .10 1.22 .226 

Age -.09 -1.10 .274 
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Table 5-22: Analysis of Variance Results for Smell-Label Confidence 

MS 

Main Effects 

Order .58 

Congruency 8.67 

Interaction 

Order x Congruency 3.31 

^ F £ 

I .38 .539 

4 5.63 .001 

4 2.15 .077 
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Table 5-22a: Mean Values for Smell-Label Confidence 

Mean 

Order 

Smell-Color-Label 5.92 

Label-Color-Smell 5.80 

Congruency 

All Congruent (AC) 6.56 

Color and Label Congruent (CL) 5.32 

Smell and Color Congruent (SC) 5.74 

Smell and Label Congruent (SL) 6.16 

None Congruent (NC) 5.51 
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Table 5-22b: Contrasts for Smell-Label Confidence 

Contrasts t-value g 

All Congruent vs. 4.058 .001 

Color and Label Congruent 

All Congruent vs. 2.705 .008 

Smell and Color Congruent 

All Congruent vs. 1.330 .185 

Smell and Label Congruent 

All Congruent vs. 3.456 .001 

None Congruent 

Color and Label Congruent vs. -1.353 .178 

Smell and Color Congruent 

Color and Label Congruent vs. -2.813 .005 

Smell and Label Congruent 

Color and Label Congruent vs. -0.631 .529 

None Congruent 

Smell and Color Congruent vs. -1.432 .154 

Smell and Label Congruent 

Smell and Color Congruent vs. 0.731 .466 

None Congruent 

Smell and Label Congruent vs. 2.189 .030 

None Congruent 
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Table 5-23: Analysis of Covariance Results for Smell-Label Confidence Using 
Gender, Familiarity and Age as Covariates 

MS ^ E 2 

Regression 15.45 2 10.85 .001 

Main Effects 

Order .28 1 .20 .655 

Congruency 3.59 4 2.52 .044 

Gender .02 1 .01 .913 

Interactions 

Order X Congruency 3.80 4 2.67 .035 

Order X Gender .17 1 .12 .731 

Congruency x Gender .43 4 .30 .875 

Order X Congruency X Gender .74 4 .52 .719 

Regression Results 

Covariates Beta t-value £ 

Familiarity .32 4.14 .001 

Age -.14 -1.84 .068 



227 

Table 5-24: Analysis of Variance Results for Smell-Color Confidence 

MS 

Main Effects 

Order 3.10 

Congruency 8.02 

Interaction 

Order x Congruency 1.58 

^ F £ 

1 2.29 .132 

4 5.92 .001 

4 1.17 .327 
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Table 5-24a: Mean Values for Smell-Color Confidence 

Mean 

Order 

Smell-Color-Label 6.09 

Label-Color-Smell 5.81 

Congruency 

All Congruent (AC) 6.47 

Color and Label Congruent (CL) 5.50 

Smell and Color Congruent (SC) 6.06 

Smell and Label Congruent (SL) 6.32 

None Congruent (NC) 5.40 
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Table 5-24b: Contrasts for Smell-Color Confidence 

Contrasts t-value g 

All Congruent vs. 3.420 .001 

Color and Label Congruent 

All Congruent vs. 1.451 .149 

Smell and Color Congruent 

All Congruent vs. 0.526 .599 

Smell and Label Congruent 

All Congruent vs. 3.800 .001 

None Congruent 

Color and Label Congruent vs. -1.969 .051 

Smell and Color Congruent 

Color and Label Congruent vs. -2.966 .003 

Smell and Label Congruent 

Color and Label Congruent vs. 0.355 .723 

None Congruent 

Smell and Color Congruent vs. -0.955 .341 

Smell and Label Congruent 

Smell and Color Congruent vs. 2.338 .021 

None Congruent 

Smell and Label Congruent vs. 3.350 .001 

None Congruent 
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Table 5-25: Analysis of Covariance Results for Smell-Color Confidence Using 
Gender, Familiarity and Age as Covariates 

MS F £ 

Regression 6.69 2 5.15 .007 

Main Effects 

Order 2.86 1 2.20 .140 

Congruency 3.96 4 3.05 .019 

Gender .04 1 .03 .855 

Interactions 

Order x Congruency 1.71 4 1.32 .267 

Order x Gender .80 1 .62 .434 

Congruency x Gender .24 4 .19 .945 

Order x Congruency x Gender 2.21 4 1.70 .152 

Regression Results 

Covariates Beta t-value g 

Familiarity .19 2.44 .016 

Age -.15 -1.91 .058 
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Table 5-26: Analysis of Variance Results for Cue Alignment 

MS 

Main Effects 

Order .86 

Congruency 11.62 

Interaction 

Order x Congruency 1.16 

^ F E 

1 1.23 .270 

2 16.62 .001 

2 1.66 .195 
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Table S-26a: Mean Values for Cue Alignment 

Mean 

Order 

Smell-Color-Label .67 

Label-Color-Smell .49 

Congruency 

Color and Label Congruent (CL) 1.24 

Smell and Color Congruent (SC) . 12 

Smell and Label Congruent (SL) .38 
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Table 5-26b: Contrasts for Cue Alignment 

Contrasts t-value £ 

Color and Label Congruent vs. 5.47 .001 

Smell and Color Congruent 

Color and Label Congruent vs. 4.28 .001 

Smell and Label Congruent 

Smell and Color Congruent vs. -1.30 .195 

Smell and Label Congruent 
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Table 5-27: Analysis of Covariance Results for Cue Alignment Using Gender, 
Familiarity and Age as Covariates 

MS F E 

Regression .75 2 1.03 .363 

Main Effects 

Order 1.17 1 1.61 .207 

Congruency 11.45 2 15.75 .001 

Gender .49 1 .67 .416 

Interactions 

Order x Congruency .71 2 .98 .379 

Order x Gender .10 1 .14 .709 

Congruency x Gender .58 2 .80 .451 

Order x Congruency x Gender .24 2 .32 .724 

Regression Results 

Covariates Beta t-value £ 

Familiarity .13 1.42 .159 

Age .03 .28 .777 
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Table 5-28: Summary of Means for Congruency Variables 

Dependent Measures Congruency Conditions Ove 

AC SL SC CL NC 

I. Overall Performance 

a. Recognition Accuracy 2.82 1.89 2.09 0.97 1.09 1.77 

b. Error .IS 1.11 .91 2.03 1.91 1.23 

Total 3.00 3.00 3.00 3.00 3.00 3.00 

11. Breakdown of Errors 

(Pairwise Performance) 

a. Label-Smell Accuracy 0 0.51 0.18 0.09 0.29 0.22 

(.00) (.46) (.19) (.04) (.15) 

b. Color-Smell Accuracy 0 0.08 0.24 0.12 0.26 0.14 

(.00) (.07) (.26) (.06) (.13) 

c. Label-Color Accuracy 0.18 0.38 0.50 1.76 1.09 0.78 

(1.00) (.34) (.55) (.87) (.57) 

d. No Pairwise Accuracy 0 0.14 0.00 0.06 0.29 0.10 

(.00) (.12) (.00) (.03) (.15) 

Total 0.18 1.11 0.91 2.03 1.91 1.23 

III. Cue Alignment N/A 0.38 0.12 1.24 N/A 

Note; Entries in parentheses are proportions of total error. 



236 

Appendix 1: Questionnaire Used During Phase 1 (Exposure Phase) in 
the Smeil-Color-Label Condition 

In this study, we are interested in your opinions of various brands of moisturizing bath oils. 
You will be exposed to multiple products in this category and then asked to answer a series 
of questions relating to them. Please try to follow the instructions provided in this 
questionnaire and those given by the experimenter as closely as possible. If you have any 
questions at any time, please feel free to ask the experimenter for assistance. 
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You have been invited by Consumer Reports magazine to join a consumer panel to rate 
several brands of moisturizing bath oils. We would like you to imagine that you are in a 
store examining different brands for this purpose. 

You may notice the boxes in front of you. When the experimenter tells you to do so, please 
pick up each box and 

1. Open the cap of the bottle and smell the brand. Kindly stop when you are told and close 
the little. 

2. Next, open the box and examine the color of the brand. Again, please stop when you are 
told and close the box. 

3. Finally, open the flap and read the name of the brand. Please stop when you are told and 
close the flap. 

Once you have completed your examination of each brand, please rate it on the following 
scale: 

Not at all 
Appealing 

Extremely 
Appealing 

Box I 2 3 4 5 6 7 

Box II 2 3 4 5 6 7 

Box III 1 2 3 4 5 6 7 

After you have rated all three brands, please answer the questionnaire handed to you by the 
experimenter. {Distractor task was administered here} 
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Appendix 2: Questionnaire Used During Phase 1 (Exposure Phase) in 
the Labei-Color-Smell Condition 

In this study, we are interested in your opinions of various brands of moisturizing bath oils. 
You will be exposed to multiple products in this category and then asked to answer a series 
of questions relating to them. Please try to follow the instructions provided in this 
questionnaire and those given by the experimenter as closely as possible. If you have any 
questions at any time, please feel fi%e to ask the experimenter for assistance. 
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You have been invited by Consumer Reports magazine to join a consumer panel to rate 
several brands of moisturizing bath oils. We would like you to imagine that you are in a 
store examining different brands for this purpose. 

You may notice the boxes in front of you. When the experimenter tells you to do so, please 
pick up each box and 

1. Open the flap and read the name of the brand. Please stop when you are told and close 
the flap. 

2. Next, open the box and examine the color of the brand. Again, please stop when you are 
told and close the box. 

3. Finally, open the cap of the bottle and smell the brand. Kindly stop when you are told 
and close the bottle. 

Once you have completed your examination of each brand, please rate it on the following 
scale: 

Not at all 
Appealing 

Extremely 
Appealing 

Box I 1 2 3 4 5 6 7 

Box II 2 3 4 5 6 7 

Box m 2 3 4 5 6 7 

After you have rated all three brands, please answer the questionnaire handed to you by the 
experimenter. {Distractor task was administered here} 
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Appendix 3: Questionnaire Used During Phase 2 (Testing Phase) 

You will now be given 27 boxes numbered 1 through 27. You may examine them in any 
order and in any way you desire. After examining them, please write down on the lines 
below the box numbers that correspond to the three brands that you rated earlier. You may 
write them down in any order. Please also indicate how confident you are in each of your 
selections on the scales provided. 

Box Number Not at all Extremely 
Confident Confident 

a. 1 2 3 4 5 6 7 

b. 

c. 
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How confident are you that; 

(i) the labels and smells are correctly matched in your choices? 

Not at all Extremely 
Confident Confident 

1 2 3 4 5 6 7 

(ii) the colors and smells are correctly matched in your choices? 

Not at all Extremely 
Confident Confident 

1 2 3 4 5 6 7 

(iii) the labels and colors are correctly matched in your choices? 

Not at all Extremely 
Confident Confident 

1 2 3 4 5 6 7 

In the space below, please explain m as much detail as possible the manner in which you 
proceeded to select the three brands that you rated earlier firom the 27 boxes given to you. 
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I chose the three brands by: (please circle one) 

a) first matching smells and colors and then finding the right labels 

b) first matching labels and colors and then finding the right smells 

c) first matching smells and labels and then finding the right colors 

d) checking directly for match between smells, labels and colors 

e) Other (please specify) 

We would now like you to reexamine the three brands you rated at the beginning and rate 
the degree to which the three elements (smells, labels and colors) are appropriately 
combined for each brand. 

a. Please first examine the smell and color of each brand and indicate how appropriate the 
color is for the scent. 

Not at all Extremely 
Appropriate Appropriate 

Box I 1 2 3 4 5 6 7 

Box II 1 2 3 4 5 6 7 

Boxin 1 2 3 4 5 6 7 

b. Now, please examine the color and label of each brand and indicate how appropriate the 
color is for the label. 

Not at all Extremely 
Appropriate Appropriate 

Box I 1 2 3 4 5 6 7 

Box n 1 2 3 4 5 6 7 

Box ni 1 2 3 4 5 6 7 
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c. Finally, examine the smell and label of each brand and indicate how appropriate the 
label is for the scent. 

Not at all Extremely 
Appropriate Appropriate 

Box I 1 

Box II 1 

Box III 1 

Lastly, please rate the extent to which the scents used in the study were familiar to you, in 
the scale provided below: 

Not at all Extremely 
Familiar Familiar 

1 

Gender Male / Female 

Age years 

Do you suffer from colds, allergies or other respiratory aihnents that affected your 
performance in this study? Yes / No 

This concludes the study. Thank you for your participation. 
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