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Abstract The design of electronic auction platforms is an important field of
electronic commerce research. It requires not only a profound understanding of
the role of human cognition in human bidding behavior but also of the role of
human affect. In this chapter, we focus specifically on the emotional aspects of
human bidding behavior and the results of empirical studies that have employed
neurophysiologicalmeasurements in this regard. By synthesizing the results of these
studies, we are able to provide a coherent picture of the role of affective processes
in human bidding behavior along four distinct theoretical pathways.

1 Introduction

Electronic auctions (i.e., electronic auction marketplaces) are information systems
that facilitate and structure the exchange of products and services between several
potential buyers and sellers. In practice, electronic auctions have been employed for
a wide range of goods and services, such as commodities (e.g., Internet consumer
auction markets, such as eBay.com), perishable goods (e.g., Dutch flower markets,
such as by Royal FloraHolland), consumer services (e.g., procurement auction
markets, such as myhammer.com), or property rights (e.g., financial double auction
markets such as NASDAQ). In this vein, a large share of our private and commercial
economic activity is being organized through electronic auctions today (Adam et al.
2017; Ku et al. 2005).

Previous research in information systems, economics, and psychology has shown
that the design of electronic auctions has a tremendous impact on the auction
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outcome, even—or particularly—when theory did not suggest that there should
be differences. For example, the auction outcome was found to be affected by
the interface design (Adam et al. 2016), the auction mechanism used (Hariharan
et al. 2016), the speed at which prices are incremented or decremented (Carare and
Rothkopf 2005; Katok and Kwasnica 2008), and other elements of time pressure
inherent to auctions (Ariely and Simonson 2003; Ku et al. 2005). In seeking to better
understand these effects, scholars increasingly recognize the role of the bidders’
emotions, such as the “joy of winning” or the “fear of losing” (Delgado et al.
2008). Furthermore, a bidder’s emotional state may also culminate in a state of
“competitive arousal” that is elicited during auction participation (Ku et al. 2005).

Despite these important and insightful findings, previous research on the role
of emotions in electronic auctions is rather scattered throughout the economic,
psychology, and IS disciplines. In 2011, Adam et al. (2011b) proposed an integrative
theoretical framework for emotional bidding that aimed to provide a unified view for
the dynamic influence of emotions on human bidding behavior. Thereby, the authors
not only considered the classical economic perspective on human bidding behavior
but also the role that a bidder’s immediate emotions (e.g., frustration, joy, regret)
as well as their overall emotional state (i.e., overall level and valence of emotional
processing) may play in bidding. Almost 10 years later, we map the propositions
of this framework to findings from empirical research. Thereby, we specifically
focus on results taking into account neurophysiological measurements (e.g., brain
imaging, heart rate, skin conductance) due to their ability to provide unique insights
into the unconscious processing of human emotion.

2 Theoretical Background

2.1 Affective Processing and Emotions

Affective processes and emotions play an important role in how users perceive and
experience information systems. Information systems can trigger affective processes
in the user, which through the vehicle of emotion shape the users’ attitudes, beliefs,
and response tendencies. With or without conscious awareness, these processes can
ultimately have an influence on user behavior. As famously stated by Bradley (2007,
p. 602), “it sometimes seems that there are as many definitions [of emotion] as
there are investigators.” Reflecting a rather general understanding of emotions in
psychological literature, the term emotion can be roughly defined as a subjectively
experienced state that can be described qualitatively and is accompanied by
changes in feeling, physiology, and expression (Myers 2004). Thus, a subjectively
experienced feeling is only a part of the broader concept of emotion, which also
comprises objectively observable changes, for example, in neurophysiology.

In the present work, we build on the conceptualization by Rick and Lowenstein
(2008) and distinguish between a person’s (1) immediate emotions and (2) overall
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emotional state. Within this conceptualization, an immediate emotion refers to a
short burst of emotional experience which is elicited by an internal (e.g., fear in
response to thinking about an unpleasant event) and/or external stimulation (e.g., joy
in response to learning about a discount). By contrast, the emotional state refers to a
person’s overall state of emotions and thereby canalizes the influence of emotional
reactions. Importantly, while immediate emotions are transient, the emotional state
is ongoing and “the individual is never without being in some emotional state”
(Zajonc 1984, p. 21).

2.2 Framework for Emotional Bidding

In the context of electronic auctions, affective processes can be triggered by the
design of the user interface as well as by the underlying auction mechanism. Adam
et al. (2011b) introduced an integrative theoretical framework along with a set
of specific propositions to conceptualize the emergence and impact of affective
processes in electronic auctions (see Fig. 1). The framework builds on the previously
mentioned conceptualization by Rick and Loewenstein (2008) that distinguishes
between immediate emotions and a person’s overall emotional state.

The top row (Auction System & Environment ➔ Auction Outcome) depicts
the traditional, economic cause-and-effect relationship of auction theory (McAfee
and McMillan 1987). Assuming an emotionless homo economicus, who is fully
rational and has the ability to assess all available information and possible strategic
interactions, the (equilibrium) bidding strategy is determined ex-ante and depends
only on the auction system and environment (i.e., the set of rules governing the
auction, the number of competitors, etc.). The bidding strategy is a master plan for
every possible contingency that may occur during the auction process, and thus,
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Fig. 1 Framework for emotional bidding (adapted from Adam et al. [2011b])
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from a purely game-theoretic point of view, there is no need to modify the bidding
strategy during the auction. Hence, under the traditional economic view, the cause-
and-effect relationship between the auction system and environment and the auction
outcome is unidirectional and does not contain feedback loops.

Below the top row, the framework takes into account the emergence and impact
of affective processes on human bidding behavior and auction outcomes. In this
vein, the framework explicitly takes into account psychological feedback loops
that are not considered in the traditional economic perspective. In other words, the
assumption of a homo economicus is thereby complemented by the assumption of
a homo emoticus (Sigmund et al. 2002). The specific cause-and-effect relationships
between a bidder’s emotional state (i.e., their overall arousal and valence of affective
processing) and their immediate emotions (e.g., joy of winning, frustration of
losing) are made explicit by a set of theoretical propositions.1 While the original
framework contains a total of six propositions, in the present chapter we focus
specifically on a simplified subset of four propositions:

Proposition 1 (P1): The auction system and environment influences a bidder’s
overall emotional state.

Proposition 2 (P2): A bidder’s current emotional state has an influence on their
bidding behavior

Proposition 3 (P3): Auction events affect the emergence of immediate emotions

Proposition 4 (P4): The auction outcome affects the emergence of immediate
emotions

2.3 Neurophysiological Measurements

The field of NeuroIS draws upon the theories, methods, and tools in neurophysi-
ology to advance the design, evaluation, and understanding of information systems
(Riedl et al. 2014). This includes both techniques that measure brain activation such
as functional magnetic resonance imaging (fMRI), electroencephalography (EEG),
and positron emission tomography (PET) and physiological measurements such as
electrocardiography (ECG), facial electromyography (EMG), and skin conductance
(SC) measurements. By linking these neurophysiological measurements to users’
perceptions and behaviors, researchers can investigate the role of human affective
processing in human–computer interaction (Adam et al. 2011a; Hariharan et al.
2017; Jung et al. 2017).

1Specifically, the original framework also considers a more nuanced interplay between expected
and immediate emotions. However, to the best of our knowledge, there is currently no research
available that provides insight into these.
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As for the context of affective processing, it is important to highlight that
neurophysiological measures provide insight into two important dimensions of
emotion: valence and arousal. According to the circumplex model of emotion
(Russel 1980), the arousal dimension refers to the general intensity of emotion and
ranges from calm to excited. In contrast, the valence dimension refers to whether the
emotion is perceived as pleasant or unpleasant. By applying these measurements in
the context of electronic auctions, this information provides important insights into a
bidder’s overall emotional state (e.g., the level of competitive arousal during auction
participation) and the emergence of specific immediate emotions (e.g., the intensity
of the joy of winning and the frustration of losing).

3 Empirical Results

In the following, we map the results of empirical studies to the four propositions
of the framework shown in Fig. 1. Thereby, we particularly focus on evidence from
studies employing neurophysiological measurements. Table 1 provides a summary
of this mapping.

3.1 Impact of the Auction System and Environment
on a Bidder’s Current Emotional State (P1)

The auction system and environment includes a multiplicity of factors that may
affect a bidder’s emotional state. As noted by Adam et al. (2019), this could
potentially even relate to seemingly irrelevant aspects such as whether the bidder
had recently been to the gym or consumed an espresso. Conceptually, we can
distinguish factors that are integral to the auction context and incidental factors
that are outside the auction context. Providing support for P1, studies using
neurophysiological measurements showed that both of these categories can affect
a bidder’s emotional state.

In terms of integral factors, one stream of literature has considered the speed
of price changes in ascending and descending clock auctions. Specifically, it was
shown that when increasing the clock speed from 5 s per price change to 0.5 s
per price change, bidders exhibited higher heart rates (Adam et al. 2012, 2015).
Further, research showed that competing with other human bidders instead of
computerized bidders is another important driver for arousal in auctions (Adam et al.
2015; Teubner et al. 2015). In terms of incidental factors, research has shown that
seemingly unrelated imagery in the auction environment affects a bidder’s current
emotional state. For instance, Adam et al. (2016) showed that competitive images
(e.g., pictures of competitive sports) created a different emotional state in bidders
than community images (e.g., pictures of family scenes).
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Table 1 Mapping between propositions and empirical results

Proposition Empirical result

P1: The auction system and environment
influences a bidder’s overall emotional state

Faster clock speeds in clock auctions are
linked to higher arousal (heart rates) (Adam
et al. 2012, 2015)
Affective imagery in the auction environment
increases bidders’ overall arousal (Adam
et al. 2016, 2019)
Descending clock auctions induce higher
arousal (heart rates) than ascending clock
auctions (Smith and Dickhaut 2005)

P2: A bidder’s current emotional state has an
influence on their bidding behavior

Higher overall arousal (heart rates) is linked
to higher (/lower) bids in ascending
(/descending) clock auctions (Adam et al.
2012, 2015)
Higher arousal in sealed-bid auctions is
linked to higher (/lower) bids in common
value (/private value) settings (Adam et al.
2019; Teubner et al. 2015)

P3: Auction events affect the emergence of
immediate emotions

Submitting a sealed bid triggers skin
conductance responses, the intensity of
which is positively related to the amount of
money at stake (Teubner et al. 2015)
Placing a bid under high time pressure
induces weaker immediate emotions than
placing a bid under low time pressure (Adam
2010)

P4: The auction outcome affects the
emergence of immediate emotions

Winning a sealed-bid auction induces
stronger immediate emotions (brain activity,
skin conductance) than losing it (Astor et al.
2013a; Teubner et al. 2015; van den Bos et al.
2013)
Losing a descending clock auction induces a
stronger skin conductance response than
winning it (Adam et al. 2012)
Losing a sealed-bid auction triggers stronger
immediate emotions (brain activity in
striatum) than losing an equivalent lottery
removed from the auction context (Delgado
et al. 2008)

3.2 Impact of a Bidder’s Current Emotional State on Their
Bidding Behavior (P2)

Researchers in psychology have long conjectured that factors in the auction system
and environment may not only change a bidder’s emotional state but that this
change in the emotional state may also affect their bidding behavior (Ku et al.
2005; Murnighan 2002). In the literature, this impact of the emotional state on
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bidding behavior is often referred to as auction fever. Referring to the visceral
nature of auction fever, Murnighan (2002, p. 63) conjectured that during auction
fever bidders’ “adrenaline starts to rush, their emotions block their ability to think
clearly, and they end up bidding more than they ever envisioned.” Providing support
for P2, studies using neurophysiological measurements have linked changes in a
bidder’s emotional state to their bidding behavior.

Focusing on the role of clock speeds in ascending and descending clock auctions,
Adam et al. (2015) and Adam et al. (2012) showed that the way in which the
emotional state affects the bidding behavior depends on the auction mechanisms.
While in ascending auctions higher arousal is associated with higher bids, the
reverse is true for descending auctions. Here, higher arousal is associated with lower
bids (Adam et al. 2012). Further research showed that the link between a bidder’s
emotional state and their bidding behavior does not only hold for dynamic auctions
but also for static, sealed-bid auctions (Adam et al. 2016, 2019; Teubner et al. 2015).
Importantly, however, these studies found that the direction of the relationship
depends on the underlying value model. In sealed-bid settings, for instance, higher
arousal was associated with higher bids in common value settings (Adam et al.
2019; van den Bos et al. 2013), whereas the reverse was true for independent
private value settings (Adam et al. 2016; Teubner et al. 2015). These differences
between ascending and descending and between common and private value settings,
respectively, can be explained by the notion of arousal’s risk-promoting effects.
Placing higher bids in common value auctions is associated with a higher risk
of paying too much. In first-price independent-private value auctions, risk-averse
bidders would generally place higher bids, because, by definition, risk averseness
means that a bidder is willing to accept a lower profit when the outcome is more
certain. By bidding higher, winning the auction becomes more certain; in reverse,
this means that a risk-taking bidder has a tendency to bid lower in a first-price
auction, because this offers a higher profit in case the auction is won, but entails
a higher risk of not winning the auction.

3.3 Immediate Emotions in Response to Auction Events (P3)

Only a few neurophysiological studies have investigated the emergence of imme-
diate emotions in response to auction events. However, the limited studies that
have been conducted provide support for the link expressed in P3. Specifically,
Teubner et al. (2015) measured the bidders’ skin conductance responses in response
to submitting a bid and waiting for the result. Their results showed that both of these
events trigger an immediate emotion, the intensity of which increases with higher
amounts of money at stake. Complementarily, Adam (2010) found that placing a
bid under high time pressure induces weaker immediate emotions in terms of skin
conductance responses than placing a bid under low time pressure.
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3.4 Immediate Emotions in Response to Auction Outcome (P4)

The announcement of the auction outcome is arguably the single most anticipated
event in any auction. After all, the outcome of an auction provides clarity in terms
of resource allocation (who gets what) and prices (who pays what). Providing
support for P4, studies using neurophysiological measurements have shown that the
announcement of the auction outcome can trigger a range of different immediate
emotions with varying intensities.

While overall studies have shown that the emotions in response to winning an
auction are experienced more strongly than those of losing an auction, both for
sealed-bid (Astor et al. 2013a; Teubner et al. 2015; van den Bos et al. 2013) and
ascending clock auctions (Adam et al. 2015), it is important to note that this is not
the case for descending clock auctions. Specifically, Adam et al. (2012) found that
in descending clock (“Dutch”) auctions the skin conductance responses triggered
in response to losing are stronger than those in response to winning. The authors
explained this with the “click-to-win” characteristic of Dutch auctions, where losing
comes as an unpleasant surprise. Further, pointing to the importance of the “social
competition” (Delgado et al. 2008) inherent to auctions, immediate emotions in
response to auction outcome are stronger when competing with a human opponent
than they are when competing with computerized bidders (Adam et al. 2015;
Teubner et al. 2015).

A different perspective on winning and losing is to consider whether the bidder
could have achieved a more favorable result had they placed a slightly different bid.
The immediate emotions associated with these ex-post considerations are referred
to as winner regret and loser regret (Engelbrecht-Wiggans and Katok 2008). Winner
regret refers to the notion that the bidder could have still won the auction but
achieved a higher profit by placing a slightly lower bid. By contrast, loser regret
refers to the notion that the bidder lost the auction but could have won the auction
with a profit by placing a slightly higher bid. Note that such regret can only occur in
first-price auctions, where bidders have to pay what they bid. Astor et al. (2011)
were able to show based on skin conductance measurements that both of these
events induce immediate emotions and that, as predicted by Engelbrecht-Wiggans
and Katok (2008), loser regret is experienced more strongly than winner regret.
However, the results of Astor et al. (2011) also show that the intensity of immediate
emotions increases the closer the bidder’s successful bid was to the second highest
bid. This finding is in conflict with Engelbrecht-Wiggans and Katok’s (2008)
assumptions underlying the concept of winner regret and instead is more congruent
with an emotion of winner relief (Astor et al. 2011).
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4 Discussion

By facilitating the exchange of products and services, electronic auctions have
become an important element of an increasingly digitized economy. In order to
effectively utilize electronic auctions, system designers need to have a profound
understanding of how the design of the auction environment affects human bidding
behavior and auction outcomes. This requires taking into account not only the
cognitive aspects of human bidding behavior but also aspects associated with human
affect. The conceptual work by Adam et al. (2011b) attempted to capture how
human affective processing may affect a bidder’s emotional state and the emergence
of immediate emotions during auction participation. Since then, a set of empirical
studies have employed neurophysiological measurements to evaluate specific links
in the emotional bidding framework for a range of different auction mechanisms.

In the present chapter, we have linked the results of these empirical studies
back to the original framework and found support for its four main propositions.
Specifically, studies found that both integral (e.g., clock speeds) and incidental
factors (e.g., affective imagery) in the auction environment may affect a bidder’s
emotional state, which in turn affects their bidding behavior. Depending on the
auction mechanisms and the type of product being sold, higher arousal may result
in higher or lower prices. Further, placing a bid in an auction is an event that
triggers immediate emotions, with higher amounts of money yielding stronger
intensities. Finally, both winning and losing an auction trigger immediate emotions,
the intensities of which depend on the auction mechanism, the type of interaction
partner, and the amount of money at stake. Taken together, these findings show that
the design of an electronic auction has a significant impact on the affective processes
that bidders experience and the impact that this has on bidding behavior and auction
outcomes.

Building on these insights, researchers have not only investigated how to design
information systems in order to carry out auctions electronically, but also explored
how to assist bidders during auction participation, e.g., by predicting auction
outcomes based on psychophysiological measurements (Müller et al. 2016). Con-
ceptually, user assistance systems in this context build on the notion of supporting
bidders in regulating the emergence of arousal as well as its impact on decision
making (Lux et al. 2018; Morana et al. 2020). For instance, system designers can
employ biofeedback to support bidders in recognizing and regulating their own
physiological arousal levels while participating in an auction (Astor et al. 2013b;
Jerčić et al. 2012). There is reason to believe that these systems will become more
effective with the increasing ability of machine learning to detect human emotional
states based on biosensors. Specifically, the application of deep learning in affective
computing has led to strong improvements in the automatic recognition of human
emotions from a range of modalities (Rouast et al. 2020). It has also been shown
that artificial intelligence can be used to identify psychophysiological features which
contribute to a better prediction of bidding behavior (Müller et al. 2016). In this vein,
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leveraging the interplay of human and artificial intelligence, user assistance systems
may support bidders in overcoming the detrimental impacts of auction fever.

References

Adam, M. T. P. (2010). Measuring Emotions in Electronic Auctions. Karlsruhe, DE: KIT Scientific
Publishing.

Adam, M. T. P., Gamer, M., Krämer, J., &Weinhardt, C. (2011a). Measuring emotions in electronic
markets. In ICIS 2011 Proceedings (pp. 1–19). Shanghai, CN.

Adam, M. T. P., Krämer, J., Jähnig, C., Seifert, S., &Weinhardt, C. (2011b). Understanding auction
fever: A framework for emotional bidding. Electronic Markets, 21(3), 197–207. https://doi.org/
10.1007/s12525-011-0068-9

Adam, M. T. P., Krämer, J., & Weinhardt, C. (2012). Excitement up! Price down! Measuring
emotions in Dutch auctions. International Journal of Electronic Commerce, 17(2), 7–40. https:/
/doi.org/10.2753/jec1086-4415170201

Adam, M. T. P., Krämer, J., & Müller, M. B. (2015). Auction fever! How time pressure and social
competition affect bidders’ arousal and bids in retail auctions. Journal of Retailing, 91(3), 468–
485. https://doi.org/10.1016/j.jretai.2015.01.003

Adam, M. T. P., Astor, P. J., & Krämer, J. (2016). Affective images, emotion regulation and
bidding behavior: An experiment on the influence of competition and community emotions
in Internet auctions. Journal of Interactive Marketing, 35(1), 56–69. https://doi.org/10.1016/
j.intmar.2015.12.002

Adam, M. T. P., Eidels, A., Lux, E., & Teubner, T. (2017). Bidding behavior in Dutch auctions:
Insights from a structured literature review. International Journal of Electronic Commerce,
21(3), 363–397. https://doi.org/10.1080/10864415.2016.1319222

Adam, M. T. P., Ku, G., & Lux, E. (2019). Auction fever: The unrecognized effects of incidental
arousal. Journal of Experimental Social Psychology, 80(1), 52–58. https://doi.org/10.1016/
j.jesp.2018.07.009

Ariely, D., & Simonson, I. (2003). Buying, bidding, playing, or competing? Value assessment and
decision dynamics in online auctions. Journal of Consumer Psychology, 13(1–2), 113–123.
https://doi.org/10.1207/S15327663JCP13-1&2_10

Astor, P. J., Adam, M. T. P., Jähnig, C., & Seifert, S. (2011). Measuring regret: Emotional aspects
of auction design. In ECIS 2011 Proceedings (pp. 1129–1140). Helsinki, FN.

Astor, P. J., Adam, M. T. P., Jähnig, C., & Seifert, S. (2013a). The joy of winning and the frustration
of losing: A psychophysiological analysis of emotions in first-price sealed-bid auctions. Journal
of Neuroscience, Psychology, and Economics, 6(1), 14–30. https://doi.org/10.1037/a0031406
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