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Abstract
In this research, we explore the impacts of cross-modal correspondence between sound
frequency and color lightness on consumers’ shopping behavior. Compared to previous
studies that relied on a stable single-stage information environment, our study is based
on a two-stage (i.e., elimination and choice stages) cognitive model to account for the
dynamic cross-modal correspondence effect on shopping behavior. After conducting
two laboratory experiments and one field experiment, we find that although consumers
tend to pay more attention to light (vs. dark) products in the high (vs. low)-frequency
sound condition in the elimination stage, this effect is less salient at the choice stage.
We further find that consumer involvement acts as a moderator. Specifically, the
correspondence effect is attenuated for highly involved consumers.
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1 Introduction

Consumers live in an environment where they receive signals simultaneously from
multiple different sensory paths ranging from visual to invisible cues. Unlike separate
systems, these sensory paths are closely intertwined through a process known as
multisensory integration (Owens and Efros, 2018). Previous psychology research has
shown that there are many interactions and interdependencies between the different
senses, such as associations between color and sound (Klapetek et al., 2012) and
associations between sound and shape (Spence, 2012). These links between senses
are referred to as cross-modal correspondence.

Cross-modal correspondence has garnered an increasing level of attention in mar-
keting research, mainly due to its effects on consumer judgment and decision-making
(Krishna and Schwarz, 2014). One well-established mechanism for cross-modal corre-
spondence is visual and auditory cross-modal correspondence, wherein consumers
positively match high-frequency sounds with light-colored products (Spence, 2011).
Cross-modal correspondence between sound frequency and color lightness can be
leveraged for numerous retail applications. For example, playing high-frequency back-
ground music could help a clothing retailer increase the sales of its overstocked white
shirts.

An overview of the literature in the domain of audiovisual cross-modal correspondence
reveals that previous studies have focused predominantly on the effect of cross-modal
correspondence on consumers’ initial reactions, such as attention and information recall
(Iordanescu et al., 2010; Klapetek et al., 2012; Marks, 1987; Tavassoli and Lee, 2003);
however, few studies have examined its differentiated effect across different stages of the
consumers’ decision-making process. Bettman and Park’s (1980) two-stage cognitive
model has had considerable significance in the marketing modeling and consumer
literature (Roberts and James, 1991). This model splits consumers’ choice process into
an “elimination stage” (i.e., choosing acceptable alternatives) and a “choice stage” (i.e.,
making a final choice). In general, consumers tend to unconsciously eliminate alternatives
at the elimination stage and then use conscious processing to make purchase decisions at
the choice stage (Ge et al., 2012; Song et al., 2018).

From this perspective, it is essential not only to understand whether the cross-modal
correspondence between sound frequency and color lightness varies across the two
stages of the shopping process but also to explore how cross-modal correspondence
affects each stage of consumers’ shopping behavior. To answer these questions, we use
two laboratory experiments (including an eye-tracking experiment) and one field
experiment to examine the relationships between cross-modal correspondence effects
and consumers’ shopping behavior. The results of our three studies support improve-
ments to shopping environment design and help shape marketing strategies for stores.

2 Literature review

2.1 A two-stage cognitive model of shopping process

Bettman and Park’s (1980) two-stage theory of choice has been an important theory in
the domain of the decision-making process. Ge et al. (2012) summarize that the first

252 Marketing Letters (2022) 33:251–276



stage (i.e., the elimination stage) of the decision-making process involves eliminating
alternatives that do not warrant serious consideration, and the second stage (i.e., the
choice stage) involves identifying the best alternative among those considerations.

Not surprisingly, there are many meaningful distinctions between the elimination
and choice stages. For example, there could be systematic differences in the way
information is processed at different stages (Payne, 1976). Decision-makers tend to
unconsciously remove alternatives from further consideration and conduct conscious
assessments of the remaining alternatives when making their final choice (Bettman
et al., 1998; Payne et al., 1988; Song et al., 2018). Notably, van Zee et al. (1992) find
that the information used to screen the options does not have much impact on the
evaluations, and vice versa.

2.2 Cross-modal correspondence effects at the elimination stage

Consumers are surrounded by multiple sensory inputs, such as visual and auditory
stimuli, at all times, from text and images on electronic screens to physical product
displays in retail channels. Marketing scholars have paid increasing attention to the
importance of these sensory impacts on consumer behavior.

In recent years, a considerable amount of psychology research has examined
perceptual matching between stimulus attributes in different sensory modes, i.e.,
cross-modal retrieval (e.g., Krishna, 2012; Shen and Sengupta, 2014; Spence, 2011,
2012). Specifically, some studies have shown that people feel the synergy between
high-pitched (i.e., high-frequency) sounds and light-colored objects (e.g., Klapetek
et al., 2012; Spence, 2011). Additionally, humans have latent preferences for certain
cross-sensory combinations. The mapping of pitch-to-luminance is not uniquely human
but rather constitutes a basic feature of the perceptual system (Ludwig et al., 2011).
This consistency of sensory correspondence is purely abstract, rather than following
any semantic consistency or any suggestive or specific location of the auditory
stimulus.

Hagtvedt and Brasel (2016) find evidence through eye tracking that the effect on
attention arises from the cross-modal correspondence between sound frequency and color
lightness. Their results confirm that objects with a light color immediately draw increased
attention in the presence of a high-frequency sound, whereas objects with a dark color
attract more attention in the presence of low-frequency sounds. Thus, compared to those
in the low-frequency sound condition, consumers in the high-frequency sound condition
are more likely to fixate on lighter objects.

2.3 Cross-modal correspondence effects at the choice stage

To date, most research has focused on the audiovisual cross-modal correspondence
effect at the elimination stage of the consumers’ shopping process, wherein consumers
are prone to process information unconsciously (see Table 1). Its relative effects at the
choice stage where consumers make purchase decisions consciously remain unclear.

Screening at the elimination stage is accomplished by using a non-compensatory
decision strategy that ignores some relevant problem information and reduces
information-processing demands (Payne et al., 1988). Consumers at this stage avoid
trade-offs among attributes of alternatives and unconsciously and intuitively make
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screening decisions (Beach and Terence, 1987). Specifically, consumers do not engage
in conscious efforts on the screening task itself. Instead, they are willing to be exposed
to relevant/irrelevant information and are more likely to rely on automatic attention
effects to process such relevant/irrelevant information unconsciously.

In contrast, consumers at the choice stage are more particular about their goals and
use more concrete terms to construe products than at the elimination stage (Lee and
Ariely, 2006). Consumers at this stage tend to use a more effortful compensatory
strategy (Gilbride and Allenby, 2006). A compensatory strategy during the choice stage
is to determine whether a good value on one attribute of an alternative can compensate
for a poor value on another attribute (Bettman et al., 1998). Specifically, consumers
utilize conscious thought (Dijksterhuis, 2004; Dijksterhuis and Nordgren, 2006) and
consciously evaluate the attributes of the remaining alternatives rather than only the
auditory and visual stimuli to make a final purchase choice.

Note that sensory processes are the primary way consumers engage with the world,
and sensory information represents the vital foundation for consumers’ behavior and
cognition (Krishna, 2012). Klapetek et al. (2012) proposed that people have a default
response under cross-modal congruency. When people encounter auditory and visual
stimuli, they will attend to stimuli that are synesthetically congruent before attending to
incongruent stimuli, consistent with the increased target detection rates. As a default
response, this cross-modal correspondence is more likely to occur on a basic and
automatic level (Hagtvedt and Brasel, 2016). Thus, this kind of automatic attention
effect seems especially prone to occur in the elimination phase of the two-stage
cognitive model, wherein consumers are unaware of the specifics of the screening
process, allow themselves to be exposed to relevant/irrelevant stimuli, and rely on
automatic attention effects (e.g., cross-modal correspondence effect) to rapidly and
simply process such relevant/irrelevant information to evaluate and screen alternatives.
Formally, we hypothesize the following:

H1: The cross-modal correspondence effect between sound frequency and color
lightness varies across different stages of the shopping process. Specifically, in the
high (vs. low)-frequency sound condition, consumers are more likely to fixate
longer (or click) on light (vs. dark) products, and such cross-modal correspondence
effect is stronger at the elimination stage than at the choice stage.

2.4 Moderating effects of involvement

The cross-disciplinary concept of involvement, rooted in social psychology (Sherif and
Cantril, 1947), has long been a significant topic for researchers in marketing (Andrews
et al., 1990). Involvement is considered to influence the complexity or extent of
consumers’ decision-making processes (Steinhart et al., 2013).

Consumer involvement is the perception of personal relevance related to product
categories or shopping tasks and is regarded as a perceived cognitive state during the
focused attention process (Chung et al., 2018). Low-involvement consumers are more
likely to be persuaded by affective or peripheral information and engage in superficial
processing (Petty et al., 1983), leading to less deliberate, more immediate, and nearly
automatic purchase decisions (Shiv and Fedorikhin, 1999).
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Involvement motivates consumers to be more concerned about making the right
decision and processing all relevant information in greater detail (Puccinelli et al.,
2009). When the level of consumer involvement increases, personal relevance will
increase, and consumers will be more willing to apply cognitive resources to processing
information (Petty et al., 1983). That is, highly involved consumers tend to engage in
more detailed and conscious thoughts. As such, highly involved consumers are more
likely to use a more effortful compensatory strategy to proceed with product informa-
tion and make trade-offs among attributes of their alternatives. Therefore, involvement
will make the cross-modal correspondence in H1 more conscious, eliminating the
automatic cross-modal correspondence effect, especially among highly involved con-
sumers. Formally, we hypothesize the following:

H2: Involvement will moderate the cross-modal correspondence effect between
sound frequency and color lightness in both the elimination stage and the choice
stage. Specifically, the effects of cross-modal correspondence on consumers’ click
intention (at the elimination stage) and purchase intention (at the choice stage) will
be attenuated among highly involved consumers.

3 Study 1

The purpose of study 1 was to examine how sound frequency affects consumers’ visual
attention to color lightness during the two stages of the shopping process. This study
was conducted via an eye-tracking laboratory experiment. Eye-tracking technology
enables us to directly monitor viewers’ visual attention to specific objects by providing
more accurate measurements of visual attention than self-reports do. It also provides a
particularly accurate simulation of consumers’ shopping processing.

3.1 Method

We recruited 62 students who had online shopping experiences at a university in
Shanghai for study 1. Participants were randomly assigned to one of two conditions
(high-frequency sound condition vs. low-frequency sound condition). Following
Hagtvedt and Brasel’s (2016) design, we designed high-frequency tones (approximate-
ly 1800 Hz) and low-frequency tones (approximately 120 Hz) at a predetermined
volume for each experiment. Participants were first asked to indicate their initial
preferred lightness from five different levels of red lightness and then were seated at
the eye-tracker computer and instructed to keep their eyes on the screen. Afterward,
participants were invited to an online store and shown two red hats at the same time in
randomized order for 10 s; one hat was light (100% value), and the other hat was dark
(60% value).

Participants were then led to the next page, which comprised a detailed textual
description of hats, and were asked to consider whether to make a purchase. Both red
hats had precisely the same description. This description page was displayed for 30 s.
Last, participants were asked to fill in the sound frequency they perceived and
background information (see details of the laboratory experiment 1’s design in Appen-
dix 1).
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3.2 Results

Manipulation check The results showed that participants who were exposed to the
high-frequency tone (Mhigh = 4.06) perceived a higher frequency than those who were
exposed to the low-frequency tone (Mlow = 2.71, t = 4.80, p < 0.001).

Hypothesis testing First, we conducted a repeated-measures ANCOVA in which sound
frequency (high vs. low) was chosen as the between-subjects variable, and color
lightness (light vs. dark) was chosen as the within-subject variable. Participants’ initial
preferred color and background information were included as covariates. The results
revealed that the interaction between sound frequency and color lightness had a
significant effect on participants’ visual attention at the elimination stage (F(1, 55) =
150.13, p < 0.001, partial η2 = 0.73; see Figure 1). Specifically, at the elimination stage,
the light-colored hat commanded more visual attention than the dark-colored hat in the
high-frequency sound condition (Mlight = 2.20 s vs.Mdark = 0.73 s, t = 10.26, p < 0.001),
while the dark hat commanded more visual attention than the light hat in the low-
frequency sound condition (Mlight = 1.06 s vs. Mdark = 2.33 s, t = 7.65, p < 0.001).

(a) Elimination (Click) Stage

(b) Choice (Purchase) Stage
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Fig. 1 Influence of sound frequency on visual attention towards hats with different color lightness (study 1). a
Elimination (click) stage. b Choice (purchase) stage
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Second, the repeated-measures ANCOVA results showed that the sound frequency ×
color lightness interaction also had a significant effect on participants’ visual attention at the
second stage (F(1, 55) = 16.03, p < 0.001, partial η2 = 0.23; see Figure 1). Further analysis
showed that at the second stage, the light hat commandedmore visual attention than the dark
hat in the high-frequency sound condition (Mlight = 4.58 s vs. Mdark = 3.75 s, t = 3.46, p <
0.01), while the dark hat also commandedmore visual attention than the light hat in the low-
frequency sound condition (Mlight = 3.73 s vs.Mdark = 4.55 s, t = 2.44, p < 0.05). Moreover,
the sound frequency × color lightness interaction had a stronger effect on participants’ visual
attention at the elimination stage than at the choice stage (F(1, 115) = 5.53, p < 0.05, partial
η2 = 0.05). Thus, H1 was supported.

4 Study 2

Study 2 served three purposes. First, the study aimed to confirm and generalize the cross-
modal correspondence effect during the two stages of the shopping process using a different
color (i.e., blue). Second, study 1 focused only on the attentional effect. Attentionmay affect
purchase intention via several mechanisms, such as the self-perception process and a
facilitation effect (Shen and Sengupta, 2014). We expect that the cross-modal correspon-
dence effect would also influence consumers’ click intention and purchase intention towards
products. We thus use study 2 to provide evidence in that regard. Third, it was used to test
Hypothesis 2, which postulated that the cross-modal correspondence effect during the two
stages of the shopping process would be influenced by consumers’ involvement.

4.1 Method

A total of 120 undergraduate students who had online shopping experience were
recruited from a university in Shanghai to participate in study 2; they were compen-
sated with snacks. Participants were randomly assigned to one of the conditions in a 2
(high-frequency sound vs. low-frequency sound) × 2 (low involvement vs. high
involvement) experimental design. The manipulation of sound was similar to study
1. Two levels of involvement (low vs. high) were designed through instructional
manipulations (Puccinelli et al., 2013; Suri and Monroe, 2003).

Specifically, participants in the condition of low involvement were instructed to purchase
a new T-shirt at an online store, while participants in the condition of high involvement were
instructed to imagine that their university was going to launch some T-shirts for students,
and they were asked to buy their new T-shirts from the online store. Similar to study 1,
participants were invited to an online store where they were instructed through the pre-
designed scenario to make their click and purchase decisions and then to complete an online
survey (see details of the laboratory experiment 2’s design in Appendix 2).

4.2 Results

Manipulation check The independent samples t-test results showed that the manipula-
tions of sound frequency (Mhigh = 4.33, Mlow = 2.90, t = 5.57, p < 0.001) and
involvement (Mhigh = 4.83, Mlow = 3.15, t = 7.34, p < 0.001) were successful.

258 Marketing Letters (2022) 33:251–276



Hypothesis testing First, the results of repeated-measures ANCOVAs again demon-
strated the cross-modal correspondence effect (click: F(1, 111) = 123.13, p < 0.001,
partial η2 = 0.53; purchase: F(1, 111) = 13.63, p < 0.001, partial η2 = 0.11). Moreover,
the sound frequency × color lightness interaction had a stronger effect on participants’
click intention than on purchase intention (F(1, 227) = 40.09, p < 0.001, partial η2 =
0.15). These results provided more evidence to support H1.

More importantly, the three-way interaction between sound frequency, color
lightness, and involvement had a significant effect on click intention (F(1, 111) =
53.25, p < 0.001, partial η2 = 0.32; see Figure 2), thus supporting H2. Specifically,
the effect of the sound frequency × color lightness interaction on click intention was
weaker in the high involvement condition (for high-frequency sound condition:
Mlight = 4.21 vs.Mdark = 3.57, t = 2.76, p < 0.05; for low-frequency sound condition:
Mlight = 4.19 vs. Mdark = 4.72, t = 2.50, p < 0.05) than in the low involvement
condition (for high-frequency sound condition: Mlight = 5.51 vs. Mdark = 2.40, t =
9.54, p < 0.001; for low-frequency sound condition:Mlight = 3.01 vs.Mdark = 5.73, t =
6.65, p < 0.001). These results are presented in Figure 2.

Furthermore, the three-way interaction between sound frequency, color light-
ness, and involvement had a significant effect on purchase intention (F(1, 111) =
4.19, p < 0.05, partial η2 = 0.04; see Figure 2), supporting H2. The effect of the
sound frequency × color lightness interaction on purchase intention was attenuated
in the high involvement condition (for high-frequency sound condition: Mlight =
3.40 vs. Mdark = 3.19, t = 1.13, p > 0.10; for low-frequency sound condition: Mlight

= 3.99 vs. Mdark = 4.22, t = 1.05, p > 0.10) compared with the low involvement
condition (for high-frequency sound condition: Mlight = 4.20 vs. Mdark = 3.54, t =
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Fig. 2 Interaction of sound frequency, color lightness, and involvement (study 2). a Elimination (click) stage.
b Choice (purchase) stage
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2.50, p < 0.05; for low-frequency sound condition: Mlight = 3.88 vs. Mdark = 4.69, t
= 2.45, p < 0.05). Notably, in the high involvement condition, there was no
significant cross-modal correspondence effect on purchase intention.

5 Study 3

5.1 Experimental design

Study 3 examines how sound frequency influences consumers’ response to color
lightness in the two stages of the shopping process in a real market context. We
conducted this field study with the help of a start-up insole firm, which sells its products
through two similar online platforms. The field study adopted a single factorial design
(no music vs. high-frequency music vs. low-frequency music) to assign the use of
music to one of the platforms (i.e., the treatment platform) in different weeks. That is,
the designs of the treatment and control platforms are mostly the same, except for the
music manipulation (see Appendix 5). Figure 3 shows that the music designs of the two
platforms, demonstrating that the differences between the music designs of the two
platforms existed only in the post-treatment period. The control platform was assigned
“no music” during the post-treatment period, while the treatment platform was assigned
“high-frequency music” or “low-frequency music” on a weekly basis. Following
previous literature (e.g., Kumar and Tan, 2015; Yang and Xiong, 2019), we further
conducted the randomization checks of the products on the two platforms to ensure that
there were no significant differences in product prices, pre-treatment clicks, and pre-
treatment conversions between the products at the two platforms (ps > 0.1) (see
Appendix 6).

The start-up insole company tracked daily performance for each product on the two
platforms and provided us with these data for our research. The data from both
platforms are at the product-day level, with the same data structure. During the 6-
week field experiment, there were 9546 visits to the two platforms (including 3994
visits in the pre-treatment period and 5552 visits in the post-treatment period), which
resulted in 4223 clicks (1727 clicks in the pre-treatment period and 2496 clicks in the
post-treatment period) and 392 conversions (136 conversions in the pre-treatment

Fig. 3 Illustration of the timeline and design of study 3. Note: The differences between the music designs of
the two platforms existed only in the post-treatment period. Specifically, both platforms were assigned “no
music” during the pre-treatment period (i.e., weeks 1–2). During the post-treatment period, the treatment
platform was assigned “high-frequency music” (i.e., weeks 4–5) or “low-frequency music” (i.e., weeks 3 and
6) on a weekly basis, while the control platform was assigned “no music” yet (i.e., weeks 3–6)
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period and 256 conversions in the post-treatment period). We utilize the click-through
rate (a ratio of clicks to visits) and conversion rate (a ratio of conversions to clicks) for
each product to represent consumers’ behavior at the elimination and choice stages of
their shopping process, respectively. Specifically, we use a difference-in-difference
(DID) method to examine the cross-modal correspondence effect on a product level as
follows in Eq. (1):

Y it ¼ β0 þ β1Postt þ β2Treati � Postt þ β3Treati � Postt � Correspondit þ αX it

þ μi þ εit; ð1Þ

where Yit represents the performance of product i at (i.e., click-through rate and
conversion rate) period t. Postt is a dummy variable indicating the pre-treatment (0)
or post-treatment period (1); Treati indicates whether product i is in the control (0) or
treatment group (1). Correspondit is a dummy variable indicating whether the cross-
modal correspondence between sound frequency and color lightness occurs for product
i at period t (Correspondit = 0 if a light-color (dark-color) product i is exposed to low-
frequency (high-frequency) music at period t, and Correspondit = 1 if not). We also
include the effects of control variables Xit, such as time trend and day-of-week effects.
μi represents the fixed effects of products, and εit is the error term. β3 is the parameter of
interest that captures the cross-modal correspondence effect on product performance.
Because the product-specific fixed effects will be collinear with Treati, we do not
include the main effect of Treati in Eq. (1). In addition, we only consider the three-way
interactions Treati × Postt × Correspondit because only observations from the treatment
group in the post-treatment period vary in the levels. Specifically, Correspondit matters
only when Treati = 1 and Postt = 1.

5.2 Estimation results

The estimation results for the click-through rate as the dependent variable are presented
in Table 2, Column 1. We find strong evidence that cross-modal correspondence has a
positive and significant effect on the click-through rate (β3 = 0.023, p < 0.01 in Column
1). This suggests that consumers are more likely to click on light (vs. dark) products
with high (vs. low)-frequency sounds in the elimination stage of their shopping process.
The coefficient indicates that the cross-modal correspondence increased the products’
click-through rate by 121.05% relative to the median value of 0.019.1

Column (2) shows that cross-modal correspondence has a positive and marginally
significant effect on the conversion rate (β3 = 0.032, p < 0.1 in Column 2). The
coefficient indicates that the cross-modal correspondence increased the products’
conversion rate by 88.89% relative to the median of 0.036. Moreover, the coefficient
β3 for Column (1) is more significant than that for Column (2). This implies that
although the cross-modal correspondence between sound frequency and color lightness
also occurs in consumers’ final choice stage, such a cross-modal correspondence effect
is stronger at the elimination stage than at the final choice stage.

1 Because of the log-normal distribution of the click-through rate and conversion rate, we followed Chesnes
et al. (2017) and presented the median treatment effects.

261Marketing Letters (2022) 33:251–276



6 General discussion

Based on the actual behavior of participants found in the three experimental
studies—one field experiment and two laboratory experiments—we reach three
broad conclusions. First, sound frequency has significant effects on consumers’
visual attention related to color lightness. Thus, control over sound frequency
conditions allows cross-modal correspondence to guide consumers’ visual attention.
Second, this power is more salient at the elimination stage than at the choice stage.
Finally, the cross-modal correspondence effect during the two stages of the shopping
process is affected by consumers’ involvement. When the instructions for partici-
pants to complete the experimental steps improved participants’ level of involve-
ment, the cross-modal correspondence effect was not found to be significant on
purchase intention.

There are some alternative explanations for the differential cross-modal correspon-
dence effect on the two stages. One possible explanation is that consumers spend much
more time at the choice stage than at the elimination stage. Given that attention can be
used to support higher-order information processing and thus might affect consumers’
decision-making (Janiszewski et al., 2013), more time (i.e., more attention) spent at the
choice stage may influence the cross-modal correspondence effect at this stage. An-
other possible explanation is that consumers can read more information at the choice
stage than at the elimination stage, which, rather than product color, might distract
consumers’ attention. Ge et al. (2012) propose a weight shift mechanism: when
consumers evaluate their alternatives at the choice stage, the newly introduced infor-
mation at this stage about alternatives on one dimension will increase the weight that
consumers attach to that dimension in their evaluation process. Thus, consumers may
place more decision-making weight on the newly introduced product information

Table 2 Model estimation results of study 3

DV → (1) Click-through rate (2) Conversion rate

Coefficient (Std. error) Coefficient (Std. error)

Treat × Post × Correspond 0.023** (0.007) 0.032a (0.019)

Treat × Post −0.029* (0.012) −0.040* (0.017)

Post 0.008 (0.007) 0.044a (0.022)

Time trend 0.0001 (0.0002) −0.001 (0.001)

Monday 0.003 (0.004) 0.017 (0.010)

Tuesday 0.003 (0.006) 0.035* (0.014)

Wednesday 0.001 (0.003) 0.031* (0.014)

Thursday 0.0005 (0.004) 0.005 (0.011)

Friday 0.001 (0.004) 0.030* (0.012)

Saturday 0.0005 (0.003) 0.021 (0.013)

Constant 0.069*** (0.005) 0.026* (0.010)

Notes: ***p<0.001; **p<0.01; *p<0.05; a p<0.1. Error terms are clustered at the product level. The coefficient
of Treat × Post × Correspond captures the cross-modal correspondence effect on product performance
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displayed at the choice stage, which may weaken the cross-modal correspondence
effect in the choice stage.

Our research has several theoretical implications. First, studies have shown that
cross-modal mapping occurs prior to conscious awareness of the visual stimuli
(Hung et al., 2017), suggesting that audiovisual cross-modal correspondence occurs
at an automatic and unconscious level. Based on this theory, we propose a new
framework for how cross-modal correspondence effects impact each stage of con-
sumers’ shopping behavior. Second, we contribute to the relevant literature by
identifying an essential and previously un-investigated moderating factor—
consumer involvement.

Our findings also provide several important practical insights. First, our findings
suggest that companies should be aware of the cross-modal correspondence effect on
consumers (especially on low-involvement consumers) when developing marketing
strategies. Second, marketers may want to change or enhance their advertisement
targeting strategies. They should give more consideration to the interaction between
hearing and vision in advertising and more effectively highlight their products or
services. It is wise to combine light (vs. dark) products with high (vs. low) frequency
sounds in their brand’s promotion videos. For example, when marketers choose
voice actors to promote their products, they may find it helpful to consider the
speaker’s tone. In general, women’s voices are higher than men’s voices, so adver-
tisements characterized by female voices are likely to promote products with light
colors more effectively.

Our studies have some limitations, and future research could be extended in several
directions. First, while the randomization checks ensured that there were no significant
differences between the products on the two platforms, we still observe some “imper-
fections” of the field experiment. For example, the website designs at the choice stage
of the field experiment varied slightly between the two platforms (e.g., the color palette
in the right-side table boxes). Though there is no reason to suggest that such imper-
fections affect our results, this provides future research opportunities to validate our
findings with additional field experiments. Second, our experiments used online stores
as shopping contexts. Thus, the sample of experiments is limited to online shoppers.
Future research should test the generalizability of these results by repeating our research
using offline shopper samples. Lastly, in addition to consumer involvement, which
adjusts the influence of audiovisual cross-modal correspondence, other important but
undiscovered factors may also effectively moderate the effects of cross-modal corre-
spondence. They should therefore also be considered, such as gender, age, and
situational factors in consumers’ purchase decisions.

Appendix 1. Laboratory experiment design for study 1

Procedures:

1) Briefly explain that the objective of the laboratory experiment is to understand con-
sumer online shopping behavior and inform participants that they will be compensated
with gift certificates valued at 20 CNY for a convenience store in the university.
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2) Ask participants whether they have an initial preferred shade of red. If yes, ask
them to indicate their preferred shade from the following five different levels of red
lightness.

3) Participants are then seated at the eye-tracker computer. The guide mentions the
following to the participants: “Imagine you are going to buy a new hat and find
some hats at an online store. Please keep your eyes on the screen.”2

4) Lead the participants to go to the online store website. Tell the participants that the
store website will display two available hats to them quickly. Use the following
screen that was captured from the website as an example.3

5) (Elimination stage) The website will show two red hats for 10 s where one is light
(100% value) and the other is dark (60% value). The order of the two red hats is
randomized. Each hat was priced at approximately 68 CNY (approximately $9.81)
and introduced simply without any brand information. Participants will be exposed
to either a high-frequency tone (approximately 1800 Hz) or a low-frequency
(approximately 120 Hz) tone of “Turkey in the Straw” at a predetermined volume
displayed by the research assistant on his mobile phone.

6) (Choice stage) Show the participants the following screen as an example. Tell the
participants that they are going to consider whether to make a purchase and remind

2 The eye tracker could monitor participants’ gaze throughout the experiment and capture eye fixations
according to a specified criterion. If participants’ eyes moved too quickly (i.e., less than 0.175 seconds in
one area), their attention would not be recorded. In addition, participants were free to gaze anywhere on the
page in the experiment, or even not look at the screen.
3 There was no “end” button on the screen, but participants could control their own eyes and would move their
own eyes when they felt uninterested in the images in studies 1 and 2.
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them to keep their eyes on the screen. The screen will be displayed for 30 s (there
was no “end” button on the screen). Participants will still be exposed to either the
high-frequency or the low-frequency tone.

7) Instruct them to fill in their perceived sound frequency and background information:

– Perceived sound frequency, gender, age, monthly living expenses, online
shopping frequency

8) End of the session. Thank the subjects for their participation.

Appendix 2. Laboratory experiment design for study 2

Procedures:

1) Briefly explain that the objective of the laboratory experiment is to understand
consumer online shopping behavior.
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2) Ask participants whether they have an initial preferred shade of blue. If yes, ask
them to indicate their preferred shade of blue from the following five different
shades of blue.

3) Participants in the condition of low involvement were instructed that “Imagine you
are going to buy a new T-shirt and find some T-shirts at an online store.”
Participants in the condition of high involvement were instructed to “Imagine that
our Business and Management School is going to launch some T-shirts to the
students at our school. The school has posted the T-shirts to its online store. You
are going to buy a new T-shirt from the online store.”

4) Lead the participants to go to the online store website. Tell the participants that the
store website will display two available T-shirts to them quickly. Use the following
screen that was captured from the website as an example.

5) (Elimination stage) The website will show two blue T-shirts for 10 s where one is
light (100% value) and the other is dark (60% value). The order of the two blue T-
shirts is randomized. Participants will be exposed to either a high-frequency tone
(approximately 1800 Hz) or a low-frequency (approximately 120 Hz) tone of
“Turkey in the Straw” at a predetermined volume displayed by the research
assistant on his mobile phone.

6) Participants were asked whether they would like to click on the light/dark blue T-
shirt to obtain more information and instruct them to fill in their click intention on
each T-shirt (1 = extremely unlikely, and 7 = extremely likely).
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7) (Choice stage) Show the participants the following screen as an example. Tell the
participants that they are to consider whether to make a purchase. The screen will be
displayed for 30 s (there was no “end” button on the screen). Participants will still be
exposed to either the high-frequency or the low-frequency tone.

8) Instruct the subjects to fill in their purchase intention on each T-shirt (1 = extremely
unlikely, and 7 = extremely likely).

9) Instruct them to fill in their perceived sound frequency and background informa-
tion, including perceived sound frequency, involvement, gender, age, monthly
living expenses, and online shopping frequency.

10) End of the session. Thank the subjects for their participation.
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Appendix 3. Results of models with correlated error terms
in laboratory studies

To estimate the cross-modal effects on participants’ visual attention in study 1, we
specify the model below:

Y irt ¼ α0 þ α1Correspondenceir þ α2Preferencei þ α3Genderi þ α4Agei

þ α5Expensei þ α6Frequencyi þ εirt; ð2Þ

where Yitr represents participant i’s visual attention ratio (i.e., the ratio of the fixation time to
total exposure time) on hat r (0 for the light red hat and 1 for the dark red hat) on stage t (0 for
the elimination stage and 1 for the choice stage). The Correspondenceir represents the
correspondence of background music and product color that was displayed for consumer i
(1 for correspondence (i.e., high-frequencymusic with the light red hat or the low-frequency
music with the dark red hat) and 0 for non-correspondence (i.e., the other combinations of
color and sound)). In the model, we also include controls for participant i’s initial color
preference (Preferencei), gender (Genderi), age (Agei), living expenses (Expensei) and online
shopping frequency (Frequencyi).

Given that a participant’s attention levels at the two stages are not independent, we
follow previous literature (Agarwal et al., 2011) and correlate the error terms of the
models for participant i’s attention ratio at the two stages as follows:

where Σε ¼ σ2
ARES σARES;ARCS

σARCS;ARES σ2
ARCS

� �
;

εARESirt ; εARCSirt ∼N 0;Σεð Þ
ð3Þ

where εARESirt represents the error term of participant i’s attention ratio at the elimination
stage, and εARCSirt represents the error term of participant i’s attention ratio at the choice stage.

Table 3 shows the results of the models with correlated error terms. The results indicate
that the audiovisual cross-modal correspondence effects for the attention ratio are significant
at both the elimination stage (0.136, p < 0.001) and the choice stage (0.027, p < 0.001).
Moreover, the coefficient of correspondence for the attention ratio was significantly greater
at the elimination stage than that at the choice stage (χ2(1) = 94.92, p < 0.001). These
findings imply that compared to the elimination stage, the cross-modal correspondence
effect on consumers’ visual attention is attenuated at the choice stage.

Similarly, we estimate the cross-modal effects on participants’ visual attention and
the moderating effect of involvement in study 2 with correlated error terms as follows:

Y irt ¼ α0 þ α1Correspondenceir þ α2Involvementi

þ α3Correspondenceir*Involvementi þ α4Preferencei þ α5Genderi

þ α6Agei þ α7Expensei þ α8Frequencyi þ εirt ; ð4Þ

where Yirt represents participant i’s intention on T-shirt r (0 for the light blue T-
shirt and 1 for the dark blue T-shirt) on stage t (click intention at the elimination
stage and purchase intention at the choice stage). The Correspondenceir represents
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the correspondence of background music and product color that was displayed for
consumer i (1 for correspondence (i.e., high-frequency music with the light blue T-
shirt or the low-frequency music with the dark blue T-shirt), and 0 for
noncorrespondence (i.e., the other combinations of color and sound)). Involvementi
represents consumer i’s perception of personal relevance related to product cate-
gories or shopping tasks (1 for high involvement and 0 for low involvement). In the
model, we also include controls for participant i’s initial color preference
(Preferencei), gender (Genderi), age (Agei), living expenses (Expensei) and online
shopping frequency (Frequencyi).

Given that a participant’s intentions at the two stages are not independent, we correlate
the error terms of the models for participant i’s intention at the two stages as follows:

where Σε ¼ σ2
IES σIES;ICS

σICS;IES σ2
ICS

� �
;

εIESit ; εICSit ∼N 0;Σεð Þ
ð5Þ

where εIESit represents the error term of participant i’s click intention at the elimination stage,
and εICSit represents the error term of participant i’s purchase intention at the choice stage.

Table 4 shows the results of the models with correlated error terms. The results indicate
that the audiovisual cross-modal correspondence effect for intention is significant at the
elimination stage (2.917, p < 0.001) and at the choice stage (0.733, p < 0.01). In addition, the
coefficient of correspondence for intention at the elimination stage was significantly greater
than that at the choice stage (χ2(1) = 49.880, p < 0.001). Moreover, the results also indicate
that the moderating effects of involvement are negative at both the elimination stage
(−2.328, p < 0.001) and at the choice stage (−0.511, p < 0.1), which provides more
evidence for the robustness of our results.

Table 3 Results of models with correlated error terms in study 1

DV → (1) Elimination (click) stage
Attention Ratio

(2) Choice (Purchase) stage
Attention ratio

Coefficient
(Std. error)

Coefficient
(Std. error)

Correspondence 0.136*** (0.009) 0.027*** (0. 008)

Preference −0.006 (0.005) −0.004 (0.004)

Gender −0.000 (0.009) −0.005 (0.008)

Age 0.000 (0.005) −0.001 (0.004)

Expense 0.005 (0.006) −0.007 (0.006)

Frequency 0.005 (0.006) 0.006 (0.005)

Constant 0.078** (0.024) 0.144*** (0.018)

Notes: ***p<0.001; **p<0.01; *p<0.05. DV, dependent variable. The main variables of interest and their
coefficient estimates are highlighted in boldface. The coefficient of Correspondence for column (1) is
significantly greater than that in column (2) (χ2 (1) = 94.92, p < 0.001)
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Appendix 4. Measures of main variables

All measures were reported on a 1–7 scale (1 = extremely disagree, 7 = extremely
agree).

Construct Item Source

Visual attention4 Visual attention was measured by the total fixation
duration in s within the area of interest (AIO).

Hagtvedt and Brasel
(2016)

Click intention (α =
0.89)

1. I feel like clicking the item now.
2. I would like to click on the item as soon as possible.
3. I would like to click on the item right away.

Taylor and Todd (1995);
Yang et al. (2017)

Purchase intention
(α = 0.88)

1. I feel like buying this item now.
2. I would like to buy the item as soon as possible.
3. I would like to buy the item right away.

Taylor and Todd (1995);
Song et al. (2018)

Consumer
involvement (α =
0.87)

1. I perceive this item as very important.
2. I perceive this item as very significant.
3. I perceive this item as very valuable.
4. This item matters a lot to me.
5. This item means a lot to me.

Zaichkowsky (1985)

Note: α, Cronbach’s alpha

4 Following Hagtvedt and Brasel (2016), visual attention was measured by the total fixation duration in
seconds within the area of interest (AIO). We used 0.175 s as the fixation floor. Thus, a fixation was measured
when participants’ eyes stayed at AIO corresponding to a hat for at least 0.175 s. The total fixation time was
used for measuring participants’ visual attention towards hats at the first stage (M = 1.56, SD = 0.83) and at the
second stage (M = 4.18, SD = 1.52).

Table 4 Results of models with correlated error terms in study 2

DV → (1) Click stage
Attention ratio

(2) Purchase stage
Attention ratio

Coefficient
(Std. error)

Coefficient
(Std. error)

Correspondence 2.917*** (0.231) 0.733** (0. 231)

Involvement 1.120*** (0.193) −0.202 (0.187)

Involvement × Correspondence −2.328*** (0.291) −0.511 (0.288)

Preference −0.013 (0.061) −0. 129* (0. 059)
Gender −0.098 (0.152) −0.071 (0. 162)

Age −0.149 (0.087) −0. 205* (0. 096)
Expense 0.148 (0.125) 0. 083 (0.111)

Frequency −0.054 (0.126) 0.059 (0. 117)

Constant 2.902*** (0.426) 4.438*** (0.393)

Notes: ***p<0.001; **p<0.01; *p<0.05. DV, dependent variable. The main variables of interest and their
coefficient estimates are highlighted in boldface. The coefficient of Correspondence for column (1) is
significantly greater than that in column (2) (χ2 (1) = 49.800, p < 0.001)

270 Marketing Letters (2022) 33:251–276



Appendix 5. Experimental design of field study 3

(a) The control platform

(b) The treatment platform

Fig. 4 Platforms used to conduct the field experiment. a The control platform. b The treatment platform. Note:
Music was played only for PC customers. We thus collected data only from PC customers. In addition, there is
no music stop/pause button on the platforms during the whole experimental period
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Appendix 6. Differences in prices, pre-treatment clicks,
and pre-treatment conversions of treated and control products

There were 16 and 13 products at the control and treatment platforms, respectively.
There are no significant differences in product prices, pre-treatment clicks, and pre-
treatment conversions between the products at the two platforms (ps > 0.1).

(a) The elimination stage

(b) The choice stage

Fig. 5 Pages used to display products in elimination and choice stages. a The elimination stage. b The choice
stage. Note: All products (with a product picture, the price, and a description) at the platform would be
exposed to consumers when they visited the platform (the elimination stage). If a consumer was interested in a
product, she/he would click on the product and be led to the landing page of the product’s page to learn about
the details (e.g., size information, materials) of the product (the choice stage). Both platforms display the
product pictures on the left and details of the product on the right and bottom of the page. If the consumers
took an action to purchase, a conversion was recorded

272 Marketing Letters (2022) 33:251–276



Analysis Product type Mean St. Dev. p-value (t-value)

Price Treated 9.888 3.665 0.221 (1.278)

Control 13.438 9.460

Clicks Treated 55.500 74.437 0.785 (0.276)

Control 64.538 101.805

Conversions Treated 6.375 9.946 0.300 (1.058)

Control 3.077 5.766

Note: Numbers in the above table present the average performance of each product on platforms during the
pre-treatment period. For example, on average, products at the treatment platform received 55.500 clicks and
6.375 conversions in the pre-treatment period, while products at the control platform received 64.538 clicks
and 3.077 conversions in this period

Appendix 7. Robustness checks in field study 3

We note that both the click-through rate (mean: 0.070; Std.: 0.115) and conversion rate
(mean: 0.049; Std.: 0.135) have a relatively high SD-vs-value ratio. This could be
because the utility of the individual choice in clicking on a product or converting it to a
sale follows an independent and identically distributed (i.i.d.) extreme value distribu-
tion rather than a normal distribution (Agarwal et al., 2011). To address this issue, we

Table 5 Robustness checks of study 3

DV → (1) Logit (2) Logarithm (3) Standardized

CTR CR CTR CR CTR CR

Treat × Post ×
Correspond

0.442***
(0.074)

1.976* (0.573) 0.767*** (0.182) 0. 333a (0.194) 0.202**
(0.058)

0.239a (0.139)

Treat × Post 2.469***
(0.406)

0.814 (0.184) −0.218 (0.183) −0.785**
(0.274)

−0.257*
(0.106)

−0.294*
(0.129)

Post 0.670a (0.143) 1.803 (0.658) −0.434* (0.187) 0.529a (0.290) 0.070 (0.059) 0.326a (0.160)

Time trend 1.002 (0.007) 0. 984 (0. 013) 0.0001 (0. 006) −0.005 (0.007) 0.001 (0.001) −0.005 (0.004)

Monday 1.046 (0.234) 1.593 (0. 465) −0. 268a (0. 158) 0. 209 (0.170) 0.025 (0.038) 0.126 (0.074)

Tuesday 1.044 (0.228) 2.273** (0.
691)

0. 007 (0. 158) 0. 258* (0.184) 0.024 (0.050) 0.256* (0.106)

Wednesday 1.013 (0.219) 2.131* (0. 653) −0. 104 (0. 158) 0. 315* (0.233) 0.007 (0.027) 0.228* (0.103)

Thursday 1.008 (0.226) 1.145 (0. 365) −0. 378* (0. 160) −0. 152 (0.172) 0.004 (0.031) 0.037 (0.080)

Friday 1.013 (0.219) 2.075* (0.592) −0. 063 (0.159) 0. 356* (0.177) 0.007 (0.038) 0.221* (0.088)

Saturday 1.008 (0.216) 1.747* (0.481) 0.007 (0.158) 0. 203 (0.227) 0.004 (0.023) 0.155 (0.097)

Constant 0.005***
(0.001)

0.028***
(0.007)

−4.246***
(0.394)

−6.556***
(0.299)

−0.003 (0.042) −0.164*
(0.076)

Notes: ***p<0.001; **p<0.01; *p<0.05; a p<0.1. CTR, click-through rate; CR, conversion rate. Column (1)
uses a logit model, Column (2) models the logarithm of the dependent variables (in the cases where dependent
variables were zero, we added a small value of 0.0005 to enable the logarithmic transformation), and Column
(3) uses the standardized values of dependent variables. Error terms are clustered at the product level. The
coefficient of Treat × Post × Correspond captures the cross-modal correspondence effect on product
performance
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checked the robustness of the cross-modal correspondence effects in some alternative
specifications (see Table 3). Column (1) followed Agarwal et al.’s (2011) approach and
used a logit model to check the robustness of our results. In Column (2), we modeled
the logarithm of the dependent variables, and in Column (3), we used the standardized
values of dependent variables in the model. The results of Columns (1)-(3) were similar
to those in Table 2; thus, our results are robust.
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