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a b s t r a c t
While a substantial literature on the effect of professional expertise in markets exists, consumers’ “homegrown” knowledge has received little attention in economics. We combine data from a novel valuation
experiment, in which participants received information about and bid on wines sequentially, with data on
participants’ wine knowledge to examine knowledge and bid updating. High knowledge participants did
not value wines differently, but did update bids more with objective information, such as appellation and
expert rating, than did low knowledge participants. Both low and high knowledge participants updated
their bids signiﬁcantly after taste-testing the wines. Our ﬁndings provide evidence that knowledge and
preference are separable, and that knowledge captures a factor giving consumers the ability to process
information to form expectations of product quality. Though both low and high knowledge consumers
use sensory information, we ﬁnd differences in preference for wines based on sensory information between low and high knowledge consumers. Our results suggest that knowledge is an important variable
to consider in markets for complex, multi-attribute products.
© 2016 Elsevier Inc. All rights reserved.

1. Introduction
Between 1992 and 2009, U.S. consumer-packaged product introductions, deﬁned as new food, beverage, and non-durable goods,
increased from 15,718 to 46,036 per year (ERS, 2012). Choice proliferation complicates the relationship between consumers and products (see, e.g., Schwartz, 2004), as well as for academics, policymakers, and others interested in how choices underpin consumer
demand. Proliferation also complicates regulation, labeling and informational systems (Verbeke, 2005). More options has been found
to decrease the probability that any decision is made (Iyengar and
Lepper, 20 0 0), and has been shown to shift choices towards simpler or more easily justiﬁed options (Sela et al., 2009; Iyengar
and Kamenica, 2010). These effects have been found in consumer
markets (Iyengar and Lepper, 20 0 0), retirement savings decisions
(Iyengar et al., 2004; Iyengar and Kamenica, 2010), and health
care choices (Hanoch et al., 2009). For many choices, an individual needs more than simple access to information about a product to make an informed decision; she must also possess knowledge to be able to interpret the information. As more options become available, the information an individual must interpret in∗
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creases, and as individuals gain more knowledge about and experience with these options, the attributes relevant to their decisions,
and even their preferences for attribute combinations, may evolve.
Recent decades have seen the development of an extensive
literature examining the implications of boundedly rational consumers, limited cognitive capacity, and costly and/or strategically hidden information (see, for instance, the survey article by
DellaVigna, 2009). A related area of study involves learning in a
few speciﬁc settings: strategic games (e.g. Roth and Erev, 1995),
learning from market interactions (e.g. List, 2003), and social learning (e.g. Conley and Udry, 2010). Though researchers have pointed
out the importance of knowledge in food markets, in which credence attributes related to production method have become important (Verbeke, 2005), little research exists studying the effects
of knowledge on consumer behavior in markets, the use of product
information, or the relationship between knowledge and valuation.
In an experimental auction, we examine the relationship between consumer wine knowledge and wine valuation, as well
as the effect of knowledge on bid updating when consumers
receive new information. With so many products in the wine
market and year-to-year variation in the sensory attributes of
wines, reputations—for wineries and appellations—are important
(Costanigro et al., 2010). Wine labeling policy, set for the American wine market by the Alcohol and Tobacco Tax and Trade Bureau
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(TTB), plays an important role in consumer choice and the formation of reputation by stipulating the conditions under which different label components can be used.
We deﬁne and measure wine knowledge using a wine knowledge quiz included in appendix B, which was developed by Frøst
and Noble (2002) to classify individuals according to wine expertise. We also collect and evaluate wine experience, informationseeking, and habit-related variables to control for factors that
may be correlated with knowledge. We analyze willingness to pay
(WTP) for California Cabernet Sauvignon wines with data generated in an experimental auction designed to detect the marginal
impact of attributes and information on WTP. Using measures of
participants’ wine knowledge, we employ these WTP data to study
how knowledge, other wine experience variables, and demographic
characteristics relate to valuation. We also assess how knowledge
affects bid updating when new information is provided.
We ﬁnd that wine knowledge shapes how experiment participants update their WTP for wine attributes, though it is not correlated with baseline bids for wine with minimal information. Other
wine-related variables, such as the participant’s claims about the
average price they usually pay for wine, are correlated with valuation of wine at baseline, and signiﬁcantly explain wine attribute
valuation. The data indicate signiﬁcant and systematic differences
in WTP updating by participants of different knowledge levels after
they receive information about wine attributes. We show that high
knowledge consumers use objective information—especially appellation and winery name—more than low knowledge consumers to
update their bids. Participants of all knowledge levels respond to
sensory information and expert rating. We posit that knowledge
gives consumers the ability to more accurately use information,
leading to more reﬁned expectations of the utility the wines will
provide, though this is modulated by the nature of the information
(Hsee and Zhang, 2010).
2. Information, Knowledge, and valuation
Economists have studied the effect of professional experts on
markets for experience or credence goods, including wine (Ali et
al., 2008; Hilger et al., 2011; Friberg and Grönqvist, 2012), movies
(Reinstein and Snyder, 2005), and food safety (Jin and Leslie, 2003).
Scant attention has been paid to the effect of consumers’ own
knowledge on choice or valuation. The most closely related literature has examined the effect of buyers’ market experience on
market outcomes, both in auctions for consumer goods and in
investment decisions. Primarily a laboratory-based literature, authors have found that increased experience in the lab is correlated
with better outcomes—namely a lower purchasing price (Kagel and
Levin, 1986; Kagel, 1995; Rutström, 1998; Güth et al., 2003). A few
ﬁeld studies have been published as well, with mixed results on
the relationship between experience and bidder success. Bajari and
Hortacsu (2003) and Dewan and Hsu (2004), studying auction outcomes for heterogeneous goods, found an insigniﬁcant to negative
relationship between bidder experience and outcomes in online
auctions. However, Kostandini et al. (2011), analyzing auctions for a
homogeneous good, estimated a positive relationship between experience and outcome.
A signiﬁcant literature on retirement savings has examined biases and decision rules—Benartzi and Thaler (2007) summarize the
literature—and the effect of the number of plans offered on plan
choice (Iyengar and Kamenica, 2010). However, few have studied the moderating effect of knowledge or experience. Research
on investment decisions has found that experience appears to reduce behavioral biases (Feng and Seasholes, 2005). In a hypothetical choice scenario, Agnew and Szykman (2005) measured participants’ ﬁnancial knowledge and found that those with higher levels
of knowledge were more likely to actively make portfolio choices

(opting out of the default) and were less likely to report feeling
overwhelmed by the choice than were low knowledge participants.
Recently, a literature has developed examining the role of
knowledge in nutrition label interpretation and use, and investigating determinants of nutrition knowledge. Grunert et al.
(2010) studied consumer knowledge, interest in healthy eating, and
nutritional label use among shoppers at UK food retailers, ﬁnding
that interest in healthy eating primarily explained use of nutrition
labels, but knowledge was importantly related to comprehension
of nutrition labels. Miller and Cassady (2012) found that individuals’ knowledge interacted with motivations to switch to a healthier diet to produce more accurate choices in a task comparing the
healthiness of two products’ nutrition labels. Cooke and Papadaki
(2014) found that nutrition knowledge and interest in healthy eating predicted both nutrition label use and dietary quality among
UK university students. Nutrition knowledge appears to play an
important role in nutrition label use, and to be correlated with
interest in healthy eating (Grunert et al., 2012). However, there
are important differences in decision-making about food relative to
other goods (Rangel, 2013), so the relationship among knowledge,
motivation, and food choice may not apply in other settings.
Fields of study that consider cognitive or sensory processes
have a history of studying perception and knowledge. The wine
market is rich in information. In fact, journalists, wine writers,
and academics regularly discuss consumer confusion in interpreting and using label information to make choices (Drummond and
Rule, 2005). California wine-grape growers alone harvested approximately 120 varieties of wine grapes in 2014 (California Department of Food and Agriculture, 2015). The TTB recognizes more
than 300 appellations, or growing areas, in the U.S., including
American Viticultural Areas (AVAs), counties, and states, and has
issued licenses to over 80 0 0 wineries or wine blenders (TTB,
2015a; TTB, 2015b). Myriad sources generate wine reviews, including magazines (e.g. Robert Parker’s Wine Advocate, the Wine Spectator), newspapers (the New York Times, the Wall Street Journal,
etc.), blogs (e.g. Dr. Vino, Vinography), and crowd-sourced opinion
(www.cellartracker.com). In addition, some wine attributes provide multiple dimensions of information. Appellations, for instance,
provide information about different climatic and soil conditions,
which may affect the sensory qualities of the wines (Ashenfelter,
2008; Ashenfelter and Storchmann, 2010); they also accrue reputations, which inﬂuence consumers’ wine valuation (Cross et al.,
2011).
Wine has been used as the setting for many studies in psychology and sensory sciences (see, for instance, Lawless, 1984;
Solomon, 1990; Melcher and Schooler, 1996; Bende and Nordin,
1997; Ballester et al., 2008). These authors have typically separated
subjects into binary expert and non-expert categories, studying differences in the way subjects process wine-related ideas and discriminate among wine samples. Solomon (1990) found that wine
experts performed better on tests of both cognitive and sensory
abilities than non-experts. Solomon (1997) studied wine description and categorization by expert, intermediate, and novice wine
consumers, ﬁnding that speciﬁcity of tasting terms increased with
expertise. Experts grouped wines differently and more consistently
than non-experts, leading Solomon to conclude that expertise created structure in the way people thought about wines. Other research suggests that expertise is related to somewhat better sensory discrimination skills (Lawless, 1984; Bende and Nordin, 1997),
but that much of the difference in performance is attributable
to knowledge rather than greater sensory acuity (Melcher and
Schooler, 1996; Hughson and Boakes, 2002; Ballester et al., 2008).
In addition, there is a sizeable experimental economic literature on wine and food valuation. Experimental economic studies
on wine, largely conducted in the lab, have examined WTP under different information conditions, such as blind tasting of wines,
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with label information only, and with tasting and label information. French consumers tasting ﬁve different bottles of Champagne
blind did not, on average, value them differently, using hedonic ratings, or WTP bids (Lange et al., 2002). When participants had access to objective information in the label-only condition and the
tasting-and-label conditions, however, they submitted signiﬁcantly
different ratings and WTP. Ratings and WTP bids were quite similar
in both label-only and tasting-and-label conditions, suggesting that
the objective label information dominated the sensory information.
Using identical conditions (tasting only, label only, tasting and label), Combris et al. (2009) found little differentiation in WTP for
low to mid-priced chardonnay and pinot noir wines in any of the
conditions. However, by ranking the wines (from highest to lowest
WTP bid by participant), they ﬁnd signiﬁcant differences in valuation. They conclude that preference heterogeneity drove their initial insigniﬁcant results.
In other cases, researchers have examined consumer valuation
of wine attributes (typically focusing on one attribute of interest).
Grebitus et al. (2013) examined consumer preferences for the distance that wines had traveled, which was part of a larger examination of differences in hypothetical and non-hypothetical valuation in experimental auction and choice experiment designs. In
addition, there is a literature that uses strictly hypothetical valuation or choice scenarios to examine wine attributes. Loureiro
(2003) employed a contingent valuation payment card method to
study the premium consumers were willing to pay for environmentally friendly and local wines in a relatively new wine production area (Colorado). Though the average premium was very small,
regular wine buyers—those participants who buy wine at least
once a week—were willing to pay a premium. Loureiro (2003) argues that these participants may have more knowledge about the
Colorado wine industry than others.
Other research, arising predominantly from the marketing literature, has explored the effect of back label information (Mueller et
al., 2010a); common front-of-label or on-shelf wine attributes, such
as brand, region, and awards (Lockshin et al., 2006); and packaging, labeling, and sensory attributes (Mueller and Szolnoki, 2010;
Mueller et al., 2010b) on purchase intentions.
3. The experimental auction
To examine the effect of wine knowledge on consumer valuation, we conducted an experimental auction using the BeckerDeGroot-Marschak mechanism (BDM) and elicited bids from participants who received information sequentially about wine attributes (Becker et al., 1964). The BDM is widely used in valuation
experiments, and prevents individuals’ bids from being inﬂuenced
by bids of other participants (Corrigan and Rousu, 2006).
We recruited 236 participants from Davis, California and surrounding areas, and conducted the research in a sensory laboratory at the University of California, Davis between April and July
2009.1 Appendix A, ﬁgure 1 describes the steps of the experiment
from recruitment to completion. Participants completed a survey
on consumer characteristics, including income, demographic information (age, education level, and gender), and wine market experience (such as number of bottles purchased per month, average
price spent per bottle, and whether the participant read wine literature).
After the completion of the experimental auction, participants
took a wine knowledge quiz. We chose to use a wine knowledge
quiz developed and validated by Frøst and Noble (2002) to mea1
Before data analysis, we removed 21 participants from the sample. We excluded
these data because the participants submitted different WTP amounts for two or
more of the four wines in the baseline round, when they had no differentiating
information, and submitting varying bids violates the principles of the BDM.
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sure objective wine knowledge. Previous studies on wine expertise (e.g., Solomon, 1990; Bende and Nordin, 1997; Solomon, 1997;
Ballester et al., 2008) have predominantly placed subjects into binary categories based on some difference among subjects in winerelated activities, such as frequency of consumption or employment in the wine industry. These studies provide a precedent for
this conceptualization of expertise. However, since we are specifically interested in the role of knowledge—rather than the proxy
measures that experience or employment provide—in facilitating
the use of objective information, we determined that Frøst and Noble’s (2002) quiz offered the best opportunity to measure participants’ objective wine knowledge.
In the published experimental economic studies on wine valuation, participants have received all information simultaneously,
depending on the condition they were in (see, for instance, Lange
et al. (2002) or Combris et al. (2009)). That is, if participants were
in a label-only condition, they received all of the label information
at once; if in a label and sensory information condition, they received the sensory sample and label information simultaneously. In
order to study the relationship between consumer knowledge and
valuation of wine attributes, we elected to provide information sequentially. This approach allows us to identify consumer response
to a particular attribute, whereas a simultaneous information design would have confounded differences in valuation for “wine”
with valuation for the different attributes.
A sequential approach, however, requires a choice to be made
about the order in which attribute information is released. We
chose to provide attribute information from broadest to most speciﬁc categories (i.e., wine origin, expert rating, winery name). A
primary motive for choosing this order is that highly knowledgeable consumers could have immediately deduced the rest of the
information for certain wines if we had instead randomized the
order of release of the attribute information and they had received winery name information initially. In this case, we would
have experienced a loss of control. While the subsequent information would have been meaningful to high knowledge consumers,
had they already deduced the remaining attributes, they would not
have changed their bid in response to the “new” information. (We
discuss this general issue more below.)
Given the sequential approach to attribute release, we chose to
release sensory information in the ﬁnal round for two related reasons. First, published research suggests that in the absence of objective information, wine consumers on average are not able to differentiate effectively among sensory samples (Lange et al., 2002;
Combris et al., 2009). Objective information is important in shaping consumers’ WTP (Lange et al., 2002), and, in fact, objective
information appears to inﬂuence individuals’ sensory experiences
with the good (Almenberg and Dreber, 2011). However, once individuals have received sensory information, subsequent objective
information does not inﬂuence their experience (Lee et al., 2006)—
that is, once consumers have tasted a product, they seem not to
attend to subsequent objective information in their assessment of
the product. Because consumers are much more likely to purchase
wines based on objective information (or at least after having ﬁrst
received objective information) than on a blind tasting, we decided to provide objective information ﬁrst. However, we mimicked
a blind tasting by presenting consumers with wine samples that
were identiﬁed by a random code that did not link the sample to
the objective information about the wine until after the participant
had recorded their rating of each wine sample.
Four wine attribute categories were provided to participants
(Table 1). All wines but one—Mirassou’s California appellation—had
two levels of appellation of origin: a more speciﬁc sub-appellation,
e.g. Oakville, and the broader appellation, Napa Valley. We also
provided expert ratings from two magazines: the Wine Advocate and the Wine Spectator. Participants received the different
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Table 1
Descriptive information of the wines used in the experiment.
Winery

Appellation

Expert Rating

Shelf Price

Cases Produced

Beaulieu Vineyards

Napa Valley
California
Knights Valley
Sonoma County
California

R. Parker: NA
Wine Spec: 77
R. Parker: 88
Wine Spec: 88
R. Parker: NA
Wine Spec: 85
R. Parker: 88
Wine Spec: 93

$20

127,0 0 0

$25

83,500

$10

21,639

$45

10,637

Beringer
Mirassou
Robert Mondavi

Oakville
Napa Valley

Source: Design of laboratory experiment.

Table 2
Wine Knowledge, Wine Experience and Demographic Data.

Quiz
Bottles/Month
Price/Bottle
Years Buying Wine
Wineries Visited per Year
Wine Club Member (0, 1)
Read Wine Literature (0, 1)
Prefer Red (0, 1)
Class on Wine (0, 1)
Keep Wine Journal (0, 1)
Sensory Trained (0, 1)
Female (0, 1)
Age (years)
Household Income ($10 0 0 s)
Education (years)

Mean

Standard Error

0.63
5.19
11.61
11.10
3.82
0.19
0.47
0.77
0.27
0.14
0.21
0.56
35.85
65.57
16.57

0.17
5.34
4.34
9.72
3.86
0.40
0.50
0.41
0.44
0.35
0.41
0.50
12.88
53.89
1.45

Min
0.18
0
7.5
2.5
0
0
0
0
0
0
0
0
25
15
12

Max
1.00
25
25
35
20
1
1
1
1
1
1
1
65
200+
18

Source: Experiment Participant Questionnaire.
Notes: 210 observations.

combinations of the appellation and expert rating information in
two sets of four rounds: a baseline round; an appellation round; an
expert rating round; and a winery name round. For instance, if a
participant saw an 88-point Oakville in the ﬁrst set of wines, they
then saw a 93-point Napa Valley in the second set. After the second winery name round (Round 8), participants received a sample
of each of the four wines and submitted a preference rating and
then a bid for each wine. We chose not to randomize the order
of information categories in the experiment because if participants
were familiar with commonly available cabernet sauvignon wines,
they could have deduced the speciﬁc bottle of wine offered well
before all of the information was released, which would have rendered them unresponsive to further information even if that information would normally have inﬂuenced their bidding. After receiving information, the participant submitted a bid for each wine. We
repeated four rounds of the objective information categories to reveal the different combinations of information. Round 9 provided
20 ml samples of the wines. After smelling and tasting each wine,
participants used a 100-point scale to rate the wine according to
their preferences, before bidding on each wine a ﬁnal time.
For each set of wines, we included an initial round (round 1
and 5) with identical information provided for each wine (Cabernet Sauvignon produced within California) to obtain baseline WTP
estimates.2 Information from previous rounds continued to be displayed in subsequent rounds—so that in rounds 3 and 7, participants saw the region and expert rating for each wine—except when
participants smelled, tasted, and submitted their own rating for
the wines. Here a random number displayed onscreen and on each
glass of wine connected the wine to the rating.

2
It was stated explicitly that this did not refer to the appellation listed on the
label; it only meant that the grapes used in the wine were grown in California.

Table 2 summarizes participant data. On average, participants
were 36 years old, had a little over 16 years of education, and
mean household income of $64,500. Participants reported purchasing an average of 4.5 bottles of wine monthly and spending $11.59
per bottle. They had been purchasing wine for 11 years on average
and visited about four wineries per year. Over a quarter of participants stated they had received some type of instruction on wine;
nearly half read wine literature. On average, participants received
a 63 percent on the wine knowledge quiz.

4. Theoretical framework
The results discussed in the literature review highlight the role
of objective knowledge in information processing and sensory categorization, both of which are relevant for consumer decisionmaking. In this article, we investigate these insights empirically,
but ﬁrst outline a conceptual model based on insights from evaluability theory (Hsee, 1996; Hsee and Zhang, 2010).
We are interested in a situation in which consumers choose
among several multi-attribute goods, each of which can be described by a vector of attributes, z. Consumers may value these
attributes in and of themselves, but we also assume they employ
the information embodied in the attributes to construct an expectation of their enjoyment of the good, a notion supported by qualitative research that ﬁnds that wine consumers value both intrinsic
(sensory) and extrinsic (objective, non-sensory) attributes of wines
(Charters and Pettigrew, 2007; Jover et al., 2004). Some product
attributes are straightforward to interpret—fuel eﬃciency in the
automobile market or wine expert ratings, for instance—and can
be evaluated by innate cognitive constructs. Other attributes, however, such as appellation of origin in the wine market or technical
details of digital cameras or computers, are more complex. Consumers may require knowledge to use these complex attributes to
form an expectation of their value of the good. General evaluability
theory focuses on when and why individuals are sensitive to information (Hsee and Zhang, 2010). The theory proposes two conditions relevant to the examples just given that interact to determine
when individuals are sensitive to information: nature and knowledge (Hsee and Zhang, 2010).
In the context of general evaluability theory, nature refers to
how easily information about a product or attribute can be evaluated, while knowledge refers to extrinsic expertise or abilities accumulated by consumers. Nature describes whether a class of information can be evaluated by inborn psychological or physiological systems (Hsee and Zhang, 2010), or whether the information
requires that an individual have acquired knowledge to be able
to interpret the information. For instance, although the detailed
methods and basis for the formulation of expert ratings are complex and not well known, the ratings themselves, which are expressed on a numeric scale, can be evaluated at a basic level by
innate psychological systems, and are therefore more easily evaluated than appellation information, which requires knowledge.
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General evaluability theory provides a foundation for hypotheses about willingness to pay for attributes, based on the nature
of the attribute and the knowledge that consumers possess. In the
following discussion of the valuation of wine by consumers, we index the wine attributes, z, according to their complexity, or nature (Hsee and Zhang, 2010). For this discussion we use a twolevel index, low (“L”) and high (“H”), to subscript attribute variables, where low refers to attribute information that can be interpreted by innate psychological or physiological systems, while high
requires the possession of knowledge. “Low” attributes are hypothesized to be equally interpretable regardless of κ , while “High” attributes require more knowledge. Expert ratings, expressed on a
100-point scale, and sensory information provided via wine samples are examples of the former class of attribute, while appellations of origin, which are multi-dimensional, conveying reputational and climatic information, and winery names exemplify the
latter.
Nature and knowledge interact to formulate two hypotheses we
will examine through participants’ bids for wines.
Hypothesis 1: Under general evaluability theory, attributes that
can be evaluated by inborn psychological or physiological systems
can be interpreted by consumers regardless of their level of knowledge. Therefore, we hypothesize that for expert rating or sensory
attributes, changes in valuation of the wines in response to release
of information about the attributes will be equivalent for low and
high knowledge participants: (WTP|κ = Low) = (WTP|κ = High).
Hypothesis 2: Attributes that cannot be evaluated by innate
psychological or physiological systems require that consumers have
knowledge of the class of attribute to be useful. We hypothesize that for this class of attribute, high knowledge consumers
will change their bids more than low knowledge consumers in response to the release of information about appellations of origin or
winery names: |(WTP|κ = Low)| < |(WTP|κ = High)|.
5. Analysis and results
Rounds 1 and 5 provided participants with information about
the attributes common to all four wines to create a baseline level
of expectation for participants. We use participants’ bids to examine how valuation of a generic California Cabernet Sauvignon varies
with knowledge, represented by participants’ quiz score (Ki ):

W T Pi j,BL = β0,BL + ϕ Ki +

F


γc αci + εi j,BL .

(1)

89

Table 3
Random effects regression of the relationship between demographic characteristics, participant knowledge, and baseline bids in Rounds 1 and 5 (Baseline).
Parametric Coeﬃcients
(Dependent Variable: WTP)

Parameter Estimate

Standard Error

(Intercept)
Female
Age
Education
Income ($10 0 0 s)
Knowledge (Quiz Score)

1.77
−0.46
0.02
0.12
0.02∗∗
1.78

3.07
0.52
0.03
0.18
0.01
1.63

Adjusted R2
N

0.18
1728

Source: Laboratory experiment.
∗
= p ≤ 0.10 with a two-tailed test.
∗∗
=p ≤ 0.05 with a two-tailed test.

pants’ wine knowledge, Ki , interactions between knowledge and
wine attribute information, demographic characteristics, α ci , and
an error term.
5.1. Baseline (BL) round
We ﬁrst analyze WTP in the baseline round to see whether
there is a systematic relationship between valuation and knowledge. Table 3 presents the results from this regression. Quiz score
(K) is not a signiﬁcant factor in explaining BL bids. Though participants with higher K bid more for the bottles of wine than participants with lower scores, the difference was not statistically significant. In fact, only Income signiﬁcantly affected WTP for wines in
the BL round. An extra $10 0 0 of income led to bids that were just
over $0.02 higher. (We also report results from the regression of
baseline bids on these variables as well as a suite of wine-related
consumer characteristics in appendix A, Table 1).
We used the BL bids to examine whether there were systematic
differences in the valuation of wines associated with wine knowledge and demographic characteristics. Characteristics inﬂuencing
bid updating in later rounds—when differentiating information is
available—could be very different from those inﬂuencing the undifferentiated BL bids. Next, we used changes in information and
in WTP from one round to the next to see how participants updated their expectations of the wines, beginning with appellation.

f =1

WTPij,BL is participant i’s bid on bottle j in the baseline round
(BL), β 0 is the intercept, and α is a vector of consumer demographic and wine experience characteristics. There are no winespeciﬁc variables in the BL analysis because there were no attributes available to participants that differentiated the wines. This
analysis provides evidence about the relationship between knowledge and WTP, and may suggest some of the characteristics that
lead consumers to sort into different market segments or capture
regular differences in spending habits.
For the remaining rounds, we use the change in bid from the
previous round to examine how participants with different levels
of knowledge use the information provided in that round to update
their bids. The estimating equation then becomes

W T Pi jt ,t −1 = β0 +

J


β j S jt ,t −1 + ϕ Ki +

j=1

+

C


γc αci + εi jt ,t −1 .

J




ρ j S jt ,t −1 × Ki

j=1

(2)

c=1

The change in bid from round t-1 to round t is a function of an
intercept, the information available to participants, Sjt,t-1 , partici-

5.2. Appellation
For many consumers, the perceived complexity of appellation
information is likely to be a function of how widespread and longlasting the appellation’s presence in the market has been. Even casual wine buyers will likely recognize appellations that have long
had a wide presence in the market, while only consumers more
invested in exploring the wine market will know much about the
newer or more obscure regions. We therefore expect that high
knowledge participants will update their bids more on average
than low knowledge participants given the mix of common and
obscure appellations.
The ﬁrst two columns of Table 4 (Appellation) present the results of the appellation updating regression. The coeﬃcient estimates on the appellation variables were statistically signiﬁcant and
largely as expected. With California as the reference category, the
estimated coeﬃcient for Napa Valley was largest, at 2.19, Oakville
and Sonoma County had coeﬃcient estimates of 1.70 and 1.74, respectively, and the Knights Valley coeﬃcient was 0.98. Of the demographic variables, only Age was marginally statistically signiﬁcant. The estimated relationship between the change in bid and K
was also marginally signiﬁcant. The K estimate implies that access
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Table 4
Random effects regression of the change in WTP and participants’ ratings on new wine attribute information and knowledge (K) in region and expert
rating rounds.
Information Round
Appellation (WTP)
1

2

Coef.
Intercept
Female
Age
Edu.
Income ($10 0 0)
Knowledge (K)
Wine Attributes
Knights V. (KV)
Napa V. (NV)
Oakville (OAK)
Sonoma Co (SC)
Not Rated (NR)
85 pts
88 pts
93 pts

∗∗
∗

SE
∗∗

0.98∗∗
2.19∗∗
1.70∗∗
1.74∗∗

−7.42
0.04
0.02∗
−0.05
0.00
1.06∗

Interaction Terms
KV x K
NV x K
Oak x K
SC x K
NR x K
85 pts x K
88 pts x K
93 pts x K
Adj. R2
N

Expert Rating (WTP)

0.18
1728

3

Coef.

SE

4

Coef.

1.16
0.18
0.01
0.06
0.00
0.57

∗∗

5.41
0.04
0.02∗
−0.05
0.00
−19.23∗∗

1.84
0.18
0.01
0.06
0.00
2.36

−10.37
0.24
0.02∗∗
0.01
0.003∗
−0.29

0.12
0.11
0.13
0.15

−0.49
−0.33
−3.78∗∗
0.10

0.46
0.39
0.50
0.56

−0.16
−1.07∗∗
−0.15
−0.85∗∗
0.90∗∗
2.21∗∗
2.61∗∗
5.22∗∗

2.34∗∗
4.00∗∗
8.69∗∗
2.59∗∗

0.70
0.60
0.77
0.89

0.22
1728

∗∗

0.28
1728

SE

Coef.

SE

1.98
0.18
0.01
0.06
0.002
0.56

−8.32
0.24
0.02∗∗
0.01
−0.004∗
−3.05

7.01
0.18
0.01
0.06
0.002
10.87

0.34
0.25
0.33
0.36
0.25
0.29
0.24
0.25

1.53
1.62
2.80∗∗
1.42
0.15
0.71
−0.77
−0.15

1.35
1.02
1.33
1.41
1.02
1.17
0.94
0.96

−2.98
−4.30∗∗
−4.92∗∗
−3.69∗
1.11
2.31
5.41∗∗
8.64∗∗

2.07
1.60
2.08
2.19
1.60
1.82
1.41
1.52

0.30
1728

=p ≤ 0.05 with a two-tailed test. Omitted category is California in appellation regression, Expert Rating 77 points in expert rating regression
=p ≤ 0.10 with a two-tailed test. Omitted category is California in appellation regression, Expert Rating 77 points in expert rating regression.

to appellation information resulted in larger bid increases for high
knowledge participants.
Participants were willing to pay most for Napa Valley, which
was closely followed by Sonoma County, Oakville, Knights Valley,
and ﬁnally California. Oakville, a Napa Valley sub-appellation, and
Knights Valley, a Sonoma County appellation, have lower production and tend to sell at higher prices in the market place than the
larger appellations (Kwon et al., 2008). On average, participants
may have been less familiar with Oakville or Knights Valley. To
examine the effects of wine knowledge on valuation, we next interacted K with each individual appellation. These results are presented in the second set of columns in Table 4. Appellation bidupdating results from regressions that include all consumer wine
characteristics are reported in appendix A, Table 2.
With knowledge-appellation interaction terms, most of the statistical signiﬁcance moves from appellation to the interactions between knowledge and appellation. In fact, all of the interaction
terms are highly signiﬁcant and positive. It is worthwhile to reﬂect
on the implication of these results. We found no statistically signiﬁcant difference in valuation for wine by participant knowledge
in the baseline round, implying that preference and knowledge are
not highly related.3 To ﬁnd, then, such a robust effect of knowledge on WTP for appellations demonstrates that high knowledge
participants used the information to update their bids much more
than low knowledge participants. The estimates reveal a ranking by
WTP for high knowledge consumers of—from highest to lowest—
Oakville, Napa Valley, Sonoma County, Knights Valley, and, ﬁnally,
California. For the lowest knowledge consumers, the implied rank-

3
Knowledge is also not statistically signiﬁcant at any generally accepted level in
a regression using WTP from the appellation round.

ing is Sonoma County, California, Napa Valley, Knights Valley, and
Oakville. While Gustafson, Lybbert, and Sumner (2016) found that
controlling for consumer sorting on price resulted in insigniﬁcant
differences in consumer WTP for appellations, given that participants in this research had no other information about the wines
at this point, it is likely that appellation acted at least in part as a
general reputational variable. We present a graphical depiction of
the interacted knowledge-attribute terms across all objective and
sensory information rounds in appendix A, Figure 2.
5.3. Expert rating
Participants next received information on the expert ratings
awarded by the wine rating publications, the Wine Advocate and
the Wine Spectator. Two of the wines included in the experiment
were only rated by one of the publications. The expert rating score
itself is easily comprehensible; therefore, we expect that knowledge will play less of a role in explaining updating behavior with
the release of expert rating information than it did for appellation.
We regressed change in WTP from appellation to expert rating
round on expert rating variables, appellation variables (to control
for participants’ expectations of expert ratings that may have been
engendered by the different appellations), demographic characteristics, and knowledge. The results of this regression are presented
in column III of Table 4 (Expert Rating). All expert rating parameters are interpreted relative to the reference rating, 77 points, and
the omitted appellation parameter is again California. Unsurprisingly, participants increased their bids more for wines receiving
higher ratings. The estimated coeﬃcient of Not Rated, for wines
that were not reviewed by a magazine, was positive and statistically signiﬁcant. The point estimate, 0.90, was less than half of
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the value of the estimates for the 85-point wines (2.21), implying
that participants expected a rating lying between 77 points and
85 points. The remaining parameter estimates were 2.61 for 88
points and 5.22 for 93 points. Two appellation variables—Napa Valley and Sonoma County—were also signiﬁcant and negative, which
may be attributable to participants’ expectations of the ratings that
wines from these appellations would receive. If participants expected wines from Napa Valley and Sonoma County to be highly
rated, the conﬁrmation of those expectations would not lead to
signiﬁcant changes in WTP, while highly rated wines from an unexpected appellation, like California, would result in higher bid
increases. Evidence has been found of consumer expectations of
price and expert rating relationships (Hilger et al., 2011), but to
our knowledge, this is the ﬁrst research to document evidence that
appellation information creates expectations of expert rating information among consumers. The parameter estimate for knowledge
is negatively related to the change in bid after receiving expert rating information, but is not statistically signiﬁcant.
The analysis with interactions between knowledge and wine
attributes suggests again that knowledge plays an important role
in the use of objective information to differentiate among wines.
High knowledge consumers updated their bids for Napa Valley or
Oakville wines signiﬁcantly less when presented with expert rating information than low knowledge consumers, indicating that
knowledgeable participants’ appellation-based expectations of the
expert ratings these wines received were relatively accurate. High
knowledge participants also increased their bids relatively more
for the highest rated wines, a ﬁnding that holds even when all
wine-related consumer characteristics were interacted with the attributes (appendix A, Table 2).
5.4. Winery name
After Expert Rating, participants received information about the
winery that produced each wine. Three of the four wineries—
Beaulieu Vineyards (BV), Beringer, and Mondavi—have long histories of wine production in Napa Valley and all three produce multiple cabernet sauvignons that are sold at a range of prices, from
around $10 to over $100. However, it is less clear what to expect of
the relationship between bid updating, wine knowledge, and winery name than for the previous information categories.
The regression—of the change in WTP on winery name variables, demographic characteristics, and K—shows that though participants’ bids change based on information provided in this round,
fewer of the estimated coeﬃcients—only two—are statistically signiﬁcant than in previous rounds. Column I of Table 5 (Winery
Name) presents the results of this regression. The intercept, with
BV as the reference category—was statistically signiﬁcant, estimated at 2.51. The estimated coeﬃcient for Beringer was -0.69, and
statistically signiﬁcant at normal levels. Neither Mirassou nor Mondavi had statistically signiﬁcant coeﬃcients. Age (0.013) was the
only demographic variable that was even marginally signiﬁcant. Interaction terms between knowledge and winery names add some
explanation. High knowledge participants reduced their bids for
Beringer signiﬁcantly and their bids for Mondavi marginally signiﬁcantly compared to low knowledge participants.
5.5. Sensory information round
Finally, participants in the experiment had the opportunity to
evaluate a 20 ml sample of each wine. The participants’ sensory
examination of the wines resulted in the generation of two new
variables for each wine: a participant rating score (on a 100-point
scale), and a monetary bid. Though participants knew that the
20 ml samples were the wines they had evaluated in previous
rounds, they received all four samples in a random order, and a
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randomly generated number matched the glass to the rating entry form on the computer screen. Once the participants submitted
their ratings, all of the information about the wines was visible on
screen, including their own ratings. They then bid on the wines
a ﬁnal time. Here, we analyze bid updating from the winery name
round to the sensory round, with and without knowledge and wine
interaction variables. For both of these analyses, the omitted attribute was Beaulieu Vineyards. Results are presented in Table 5,
columns 3–6.
Column 3 of Table 5 presents the results of the analysis without interaction terms and without the inclusion of the participant
rating each individual gave to each of the wines. Two of the winery dummy variables, Beringer and Mondavi, were signiﬁcant and
negative, suggesting that their sensory-based assessment of these
two wines did not meet their expected quality of the wines. Income was also statistically signiﬁcant, and implied that people
with more income reduced their bids after receiving the wine samples. The second analysis—column 4 in Table 5—added interaction
terms. Income was still statistically signiﬁcant and identical to the
previous regression, but now both Mirassou and the interaction
term between knowledge and Mirassou were statistically signiﬁcant. The estimates indicate that high knowledge consumers decreased their bids after tasting the Mirassou relative to low knowledge consumers. This result holds with the addition of interaction
terms between other wine-related consumer characteristics and attribute variables (appendix A, Table 3).
Next, we added Participant Rating to the regression. With the
inclusion of the participants’ wine ratings, we accounted for previously unobserved preference heterogeneity. Column 5 presents the
results of the regression without interaction terms. Income continued to be signiﬁcant with a very consistent point estimate (0.01). Participant rating is highly signiﬁcant and indicates that consumers increased their bids by $0.17 for each additional point they
had awarded each wine. After controlling for preference heterogeneity, all of the wine dummy variables are at least marginally
signiﬁcant. The result implies that holding participants’ own rating constant, consumers reduced their bids for all wines relative to
the omitted wine, BV. The result is unsurprising since BV received
the lowest expert rating score, and expert-rating scores led to signiﬁcantly higher bids. Holding rating constant, bids for the other
wines should decrease relative to BV.
In the ﬁnal analysis, we included interaction terms between
knowledge and winery dummy variables in the regression with
participant rating (column 6, Table 5). Both participant rating and
income variables were identical to the previous analysis. The wine
and knowledge results show that none of the un-interacted or interaction terms were signiﬁcant at normal levels. Only the interaction term between Mondavi and knowledge was marginally signiﬁcant, again providing evidence that when we controlled sensory preference, which are typically unobservable, high knowledge
consumers were more likely to have formed quality expectations
based on the objective information.
Looking across rounds, the majority of signiﬁcant attribute and
knowledge results came with the revelation of appellation and expert rating information. Updating of consumer WTP for attributes
reﬂected general notions of appellation and expert rating valuation, with “prestige” wine producing areas like Napa Valley and
Sonoma County and higher expert rated wines attracting larger bid
increases.
Interaction terms between knowledge and wine attributes were
signiﬁcant in response to both appellation and expert rating information, though there was no meaningful difference in average bid
changes across all wines when participants received appellation
or expert rating information. In the appellation round, participants
with higher knowledge increased their mean bids across all of the
wines more than lower knowledge participants at marginally sig-
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Table 5
Random effects regression of the change in WTP and participants’ ratings on new wine attribute information and knowledge (K) in winery name and
sensory rounds.
Winery Name (WTP)

Intercept
Female
Age
Edu.
Income ($10 0 0)
Knowledge (K)

Sensory (WTP)

1

2

3

4

5

6

2.51∗∗
(1.02)
−0.23
(0.15)
0.013∗
(0.007)
−0.05
(0.05)
0.00
(0.00)
−0.61
(0.48)

−2.86
(2.11)
−0.23
(0.15)
0.013∗
(0.008)
−0.05
(0.05)
0.00
(0.00)
7.91∗∗
(2.96)

−0.25
(1.98)
0.03
(0.29)
0.01
(0.02)
0.09
(0.10)
−0.010∗∗
(0.003)
1.15
(0.92)

−4.59
(3.93)
0.03
(0.29)
0.01
(0.02)
0.09
(0.10)
−0.010∗∗
(0.003)
8.06
(5.49)

−11.73∗∗
(1.89)
0.31
(0.27)
0.01
(0.01)
0.14
(0.10)
−0.010∗∗
(0.003)
0.08
(0.86)
0.17∗∗
(0.01)

−14.48∗∗
(3.36)
0.31
(0.27)
0.01
(0.01)
0.14
(0.10)
−0.010∗∗
(0.003)
4.44
(4.53)
0.17∗∗
(0.01)

−0.69∗∗
(0.16)
−0.26
(0.16)
−0.03
(0.16)

1.66∗∗
(0.62)
0.56
(0.62)
1.10∗
(0.62)

−0.65∗∗
(0.30)
−0.07
(0.30)
−1.36∗∗
(0.30)

−0.73
(1.15)
2.57∗∗
(1.15)
−0.46
(1.15)

−1.12∗∗
(0.25)
−0.45∗
(0.25)
−2.08∗∗
(0.25)

−1.22
(0.94)
0.33
(0.95)
−0.58
(0.94)

0.03
872

0.12
(1.77)
−4.21∗∗
(1.77)
−1.45
(1.77)
0.04
872

Participant Rating
Wine Attributes
Beringer (BER)
Mirassou (MIRA)
Mondavi (MOND)
Interaction Terms
BER × K
MIRA × K
MOND × K
Adj. R2
N

0.02
1728

−3.72∗∗
(0.96)
−1.31
(0.96)
−1.78∗
(0.96)
0.02
1728

0.28
872

0.16
(1.45)
−1.25
(1.46)
−2.40∗
(1.45)
0.28
872

Source: Data from experiment.
∗∗
=p ≤ 0.05 with a two-tailed test. Reported values are coeﬃcients with standard errors in parentheses. Omitted category is Beaulieu Vineyards.
∗
=p ≤ 0.10 with a two-tailed test. Reported values are coeﬃcients with standard errors in parentheses. Omitted category is Beaulieu Vineyards.

niﬁcant levels. Knowledge was not statistically signiﬁcant in explaining bid updating with the release of expert rating information, and low knowledge participants actually increased their bids
more in this round. The relationships between knowledge and bid
updating in the appellation and expert rating rounds are consistent
with our predictions about the effects of knowledge in valuation of
appellation and expert rating information.
There are multiple interpretations of the ﬁnding that consumers
were more responsive to appellation and expert rating information than winery name or sensory information. The information
released in later rounds may be inherently less valuable to consumers regardless of knowledge level. However, it may also be
that the information released in the later rounds simply aligned
with the expectations that appellation and expert rating information had engendered and so only conﬁrmed the bids rather than
inducing participants to change them. A third possibility, which we
explored with the introduction of the participant rating variable,
is that the unobservable consumer characteristics drive the bid
changes in these rounds. With participants’ typically unobserved
preferences included as a regressor, the ﬁt of the model improved
substantially, with adjusted R2 increasing from 0.03 to 0.28, and
participants’ individual ratings were important, indicating that participants increased their bids by $0.17 for a one-unit increase in
rating.
6. Conclusions
For many choices that consumers face, myriad sources of objective information are available to inform their decisions. To make a
fully informed decision, however, individuals must be able to interpret the information available to them, which may require sophis-

ticated knowledge of the product. As more product variants become available, the information that consumers face increases, requiring additional knowledge. This nexus of information and consumer knowledge can also be a source of contention, as is the
case with the GMO labeling debate: Those opposed to these labels
worry that consumers with little knowledge about GMOs will read
into the GMO label a scientiﬁc consensus that GMOs are harmful
when in fact the scientiﬁc evidence suggests the opposite.
In this research, we examine the relationship between consumers’ own wine knowledge, wine valuation and bid updating in
a novel bid-updating framework. Results conﬁrm some previously
held notions about valuation of wine by consumers, and challenge others. Participants increased their bids for Cabernet Sauvignons from Napa Valley and Sonoma County and sub-appellations
of Napa Valley and Sonoma County more than wines labeled with
the California appellation. Bids for wines rated by experts such as
the Wine Advocate (Robert Parker) or Wine Spectator increased as
the experts’ ratings increased. However, novel results derive from
data that allow us to analyze how participants’ knowledge interacted with the piecemeal information they received.
The analysis shows that there are systematic differences in
how participants with different levels of wine knowledge update
their WTP when new objective information is added. In each
of the rounds in which participants received objective information, the inclusion of interaction terms between the wine attributes and participant knowledge tended to shift statistical signiﬁcance from the uninteracted wine attributes to the knowledgeattribute interaction terms. When participants were given access
to 20 ml samples of each wine, we observed further systematic
differences in participant-generated ratings for the wines. High
knowledge participants decreased bids for the lowest priced wine
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signiﬁcantly compared to low knowledge consumers. We also
found evidence that holding participant rating constant, high
knowledge consumers were more likely to reduce their bids for
Mondavi, the wine awarded the two highest ratings by experts, after we controlled for heterogeneous consumer wine preferences (in
the form of their ratings), which most studies are not able to observe.
The results indicate that participants who have more wine
knowledge adjusted their WTP more to new information than
did those participants with less knowledge. Signiﬁcant interactions
between knowledge and attribute information indicate that high
knowledge consumers used attribute information to form expectations of the quality of the wines. For high knowledge consumers,
these attributes also created expectations about the realizations of
subsequent attributes. For instance, interaction terms suggest that
high knowledge participants adjusted their bids for wines more
upon their receipt of appellation information than low knowledge
consumers. When the expert rating each wine had received was
released, high knowledge participants again updated their bids
much more than did low knowledge consumers, and analyses indicate that they adjusted their bids to reﬂect the more reﬁned information offered by expert ratings than the general reputational
information carried by appellations. Interestingly, high knowledge
consumers did not bid more for wine in the baseline round, implying that there were no fundamental differences in WTP for wine by
low and high knowledge participants. It appears that the knowledge variable did capture an increased ability to interpret and use
information.
The nested appellation structure allows us to draw some inferences about the effect of knowledge on the ability to interpret information. For instance, Oakville is a sub-appellation of a famous
wine-producing area (Napa Valley), but average WTP was higher
for the broader Napa Valley appellation. However, when wine
knowledge was interacted with the appellation variables, the estimated coeﬃcient for Oakville × Knowledge was considerably larger
than the estimated coeﬃcient on the interaction between Napa
Valley and knowledge.
The cumulative ﬁndings have important implications for understanding wine markets. In the part of the wine market that we
studied, low knowledge consumers differentiated their bids for objective wine attributes less than high knowledge consumers, who
change their bids considerably in response to attribute information.
Though we only examine preference heterogeneity in the knowledge dimension in this article, the ﬁndings provide a potential rationalization of the observation that the upper price range of wine
markets supports a disproportionately large diversity of products
compared to the lower end of the market. In data from a Northern California supermarket chain, wines under $10 per bottle represented 38 percent of sales by volume, but less than 24 percent
of the individual products, while wines over $10 represented 62
percent of sales by volume, but more than 76 percent of products offered. Moreover, wines under $5 per bottle accounted for
5.1 percent of by-volume sales, but only 2.6 percent of products
offered, while wines over $30 per bottle accounted for 1.5 percent
of sales by volume, but over 10 percent of individual wines in their
inventory, a market structure that is consistent with the interaction between preferences and knowledge, in which high knowledge consumers differentiate their valuation based on objective attribute information to a much greater extent than low knowledge
consumers.
Our research demonstrates that consumer knowledge systematically explain many differences in valuation, both for objective information such as appellation and expert rating, and for subjective
sensory information. Complementing previous research showing
that expertise affects ability to process wine information and—to
an extent—to discriminate among wines (Lawless, 1984; Solomon,
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1990, 1997), we ﬁnd that these differences carry over into a valuation setting. Though high-knowledge and low knowledge consumers do not value wine differently, valuation of individual wine
attributes depends on consumer knowledge.
Supplementary materials
Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.socec.2016.08.004.
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