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ABSTRACT: Modern marketers seek new research paradigms to explore preconscious, nonverbal stages of consumer behavior,
often turning to brain science because some mental processes, particularly those underlying conscious awareness, may be better
understood by analyzing neurophysiological reactions. A new discipline, consumer neuroscience, thus examines the brain and its
functioning in a marketing context. This article demonstrates how consumer neuroscience can contribute to existing marketing
knowledge, with a focus on two methods: electroencephalography (EEG) and eye-tracking. In interactive environments, it is ideal
to administer brain wave analyses in parallel with observations of eye movements. Such an integration can enrich understanding
of what emotional reactions consumers experience when they see an advertisement. This study identifies a causal relationship
between marketing communication and emotions on an analytical level, such that it reveals which emotional reaction is triggered
by each ad element. In other words, it captures what people feel when they look at something. The EEG-eye-tracking integrative
approach offers various opportunities to interactive advertising researchers.
Keywords: consumer neuroscience, brain waves, eye movements, high-technology in advertising research, visual attention,
emotions, unconsciousnes

Neuroscientific Contributions to Marketing Research
Modern psychology reveals that some decisions, including
economic ones, are made intuitively, automatically, and
without any conscious control or effort (Bargh 1997; Bornstein
and Pittman 1992; Dijksterhuijs 2004; Dixon 1971, 1981;
Greenwald and Banaji 1995; Hassin et al. 2005, Jarymowicz
2001; Kihlstrom 1999; Murphy and Zajonc 1993; Ohme 2003,
2007, 2009; Uleman and Bargh 1989; Wilson 2002; Zajonc
1968, 1980, 1998). Conscious decisions in turn appear
frequently based on emotional rather than rational cues
(Bechara, Damasio, and Damasio 2000; Damasio 1999;
Raghunathan and Tuan Pham 1999; Sayegh, Anthony, and
Perrewé 2004) or triggered by subconscious stimulation
(Murphy and Zajonc 1993; Ohme 2001, 2003, 2007, 2009;
Zajonc 1968). People are not as rational as previously thought;
for supporting this notion with empirical evidence, Daniel
Kahneman even was awarded a Noble Prize in economics in
2002 (Kahneman 2003; see also Kahneman, Slovic, and
Tversky 1982; Kahneman and Tversky 1973, 1979).
A large portion of human motivations thus lie below the level
of consciousness. Extensive scientific research indicates that
the "conscious window" fully opens up in the approximately
300 ms after a stimuli appears (Libet 2004), so events
registered by the brain below this threshold likely cannot be
reported verbally, even though they significantly influence the
way people function (Kenning, Plassmann, and Ahlert 2007;

Ohme 2007, 2009; Ohme et al. 2009). Emotions that people
experience cannot be measured adequately by self-reported
verbal indicators, because of their complexity and nonpropositional structure (Davidson 2004; Zajonc 1980). Instead,
self-reported verbal measures likely reflect socially acceptable
answers or uncontemplated feedback (Nighswonger and
Martin 1981).
In light of such discoveries, marketing researchers have grown
increasingly skeptical of the use of verbal, conscious measures
to test marketing communication, noting their limitations in
providing an effective measure of internal reactions to external
stimuli. Some authors thus claim that traditional techniques
cannot discover what really leads a consumer toward certain
behaviors (Zaltman 2003; Zurawicki and Braidot 2005).
Marketers in turn have sought new research paradigms to
explore preconscious, nonverbal stages of information
processing. In line with a general trend in social sciences,
consumer scientists have turned toward brain science. As
Kenning, Plassmann, and Ahlert (2007) note, conscious
emotional information processing and perception have been
studied extensively in consumer research, even though we
know little about how the human brain processes marketing
stimuli.
Compelling evidence indicates that some mental processes,
particularly those beyond conscious awareness, could be better
understood by analyzing neurophysiological reactions, which
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demands the use of different neuroscientific approaches
(Bechara, Damasio, and Damasio 2000; Damasio 1994; Ohme
2003; Kenning Plassmann, and Ahlert 2007; Posner 2004;
Smith and Gevins 2000). In the neuroscience context, a new
discipline also has recently emerged that examines the brain
and its functioning and increases understanding of cognitive
processes. Neuroscience thus offers new, high-tech
methodologies that increasingly are used by cognitive
neuroscientists, neurologists, psychophysiologists, and
neuromarketers. These "early adopters" seem to realize that
applying neuroscientific knowledge may help reveal the
interplay of attention and emotions-constructs of great
importance to the world of advertising communication. They
also have come into possession of new tools that move beyond
verbal declarations by respondents to investigate thoughts and
emotions that may not be entirely consciously accessible or
blind to subtle, peripheral, even if highly effective messages
(Ohme et al. 2009). This article details two such
neuroscientific methods: electroencephalography and eyetracking. We thus demonstrate how neuroscience can
contribute to existing marketing knowledge, as well as the new
insights it may provide.
Selected Neurophysiological
Research

Methods

for

Marketing

Electroencephalography
Brainwaves have been observable since the mid-seventeenth
century, beginning with the discovery that humans were
controlled by electric impulses. A few more memorable events
had to follow-such as Galvani's observation of a dead frog's leg
moving-before the first electroencephalograph was
constructed in the early twentieth century. This device
measures the frequency of electric current in the brain using
electrodes attached to the subject's head. The frequencies
represent brainwaves according to their differing lengths.
It has been well established that patterns of brain activity are
closely correlated with behavior and cognition (Alwitt 1985).
Nunez
and
Srinivasan
(2006)
posit
that
electroencephalography (EEG) thus offers a "window into the
mind," because it registers variations in brainwaves produced
by the cortex. The first regular EEG studies started to appear
during the 1980s. In a study of advertising content using EEG,
Alwitt concluded that "the results of this analysis are an
encouraging first look at the relationship between ongoing
events and EEG-recorded brain reactions. The topic certainly
warrants future research" (Alwitt 1985, p. 216). Thus EEG
research in advertising has provided empirical evidence that

certain aspects of consumer cognition and emotional response
to advertising messages (even below conscious awareness) can
be monitored successfully in real time and analyzed. However,
Olson and Ray (1985) argue that EEG responses to advertising
only provide useful information if they test specific hypotheses
about the processes used by viewers. Thus EEG has not been
considered as a general evaluative measure of advertising
effectiveness.
The difference between early studies and the current research
stems from the ease with which information can be obtained
and analyzed. Modern computers are much more advanced,
and we have considerably more sophisticated statistical
programs, which use high-level technical computing languages
and interactive environments for data visualization, analysis,
and numeric computation. New technical possibilities
contribute to both basic and applied EEG research. More
recently EEG has helped assess marketing stimuli such as
media involvement (Swartz 1998), the processing of television
commercials (Rothschild et al. 1986), and the prediction of
memory about components of televised commercials
(Rothschild and Hyun 1990). Nearly a century after its first
public demonstration, EEG has become a very popular
method used by cognitive neuroscientists, neurologists,
psychophysiologists, and neuromarketers as a noninvasive,
relatively inexpensive method to measure brain activity.
However, EEG has limited anatomical specificity and can only
gather information from the cortex, though it offers very high
temporal resolution. Other techniques (e.g., functional
magnetic resonance imaging) suffer time resolutions of a few
seconds, whereas EEG offers a submillisecond resolution
(Huettel, Song, and McCarthy 2004). Therefore, researchers
can detect changes in brain activity precisely, connected to
rapidly changing stimuli.
Facial electromyography
Another psychophysiological technique used in market
research is facial electromyography (EMG), which evaluates
the physiological properties of facial muscles. The three
muscles studied most extensively are the corrugator supercili,
zygomaticus major, and orbicularis occuli. This method offers
a powerful instrument to test voluntary (zygomaticus) and
involuntary (corrugator and orbicularis) facial muscle
movements, which may reflect the conscious and
subconscious expression of emotions (Dimberg, Thunberg,
and Elmehed 2000; Cacioppo et al. 1986; Cacioppo, Tassinary,
and Berntson 2000; Larsen, Norris, and Cacioppo 2003; Ohme,
Matukin, and Osiecki 2008). Facial EMG can study both
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emotional expressions and social communication. Some
researchers also have managed to adapt EMG to track
consumer reactions to advertising. For example, Bolls, Lang,
and Potter (2001) show that zygomaticus muscle activity is
stronger during radio advertisements with a positive
emotional tone, whereas corrugator muscle activity is greater
during ads with a negative emotional tone. Hazlett and Hazlett
(1999) compare emotional reactions to television
advertisements measured with facial EMG versus self-reported
scales and find that EMG offers a more sensitive indicator of
emotional reactions, such that facial EMG responses relate
closely to emotion-congruent events during ads. They also
find that compared with self-reports, facial EMG measures
relate more to brand recall measures administered five days
later. Thus, they conclude, "EMG measures can reflect a
qualitative richness and complexity of the viewer's emotional
response that self-report cannot and at the same time offer
precise and continuous qualitative data" (Hazlett and Hazlett
1999, p. 19).
Skin conductance
A widely described and well-known measure of
psychophysiological reactions is the measurement of skin
conductance (SC). This method is based on the analysis of
subtle changes in galvanic skin responses when the autonomic
nervous system (ANS) is activated. Because an increase in the
activation of the ANS is an indicator of arousal, SC can be
used as a measure of such arousal (Ravaja 2004). In advertising
research, measurement of SC is scarce, though some
researchers, while testing other emotion measures, have used
SC as a validation tool (Aaker, Stayman, and Hagerty 1986;
Bolls et al. 2001). Citing interviews with market researchers
who have applied SC and practitioner case studies, LaBarbera
and Tucciarone (1995) conclude that SC predicts market
performance better than self-reports, though they also
formulate important guidelines for equipment and statistical
formulas that should be adopted in SC research designs.
Moreover, LaBarbera and Tucciarone argue that many
previous SC studies in advertising (mostly conducted during
the 1960s) failed to identify any effects because they lacked
sufficiently sensitive equipment or accurate statistical
protocols, which prevented them from separating "noise" from
true arousal response. Individual variation also is apparent in
SC. Today, technological advancements and complex
statistical programs help overcome such difficulties, though a
major limitation of SC remains: It cannot determine the
direction or valence of an emotional reaction but merely
measures the degree of arousal. Thus, both very pleasurable
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and very repellant advertising stimuli can evoke large SC
responses (Hopkins and Fletcher 1994).
USING THE FRONTAL ASYMMETRY PARADIGM TO
ASSESS EMOTIONS IN ADVERTISING
Theoretical Background
By measuring electrical brain activity in the frontal and
prefrontal regions, we can infer the level of emotions
generated by each second of any presented stimuli. The socalled frontal asymmetry paradigm aims to explore emotional
reactions connected with approach-avoidance tendencies
(Davidson et al. 1979, 1990). A large body of research on the
relation between emotion and motivation has postulated the
existence of two overarching motivational systems that
organize human behavior. One system involves behavior
prompted by a possible desirable outcome (approach
tendencies); the other involves behavior prompted by a
possible aversive outcome (avoidance tendencies) (Avila 2001;
Carver and White 1994; Lang, Bradley, and Cuthbert 1990). In
1979, Davidson and colleagues proposed a model regarding
frontal EEG asymmetry during emotional states, in which they
posited that the left prefrontal cortex (PFC) is involved with
the system that facilitates approach behavior, whereas the right
PFC is involved with the system that facilitates withdrawal
behavior from aversive stimuli. Using EEG measures to index
the ongoing frontal brain activity during the processing of
different affects, these researchers find substantial empirical
support for this model in adults and infants (see Davidson
1993; Davidson and Rickman 1999; Fox 1991). In the model,
greater relative left frontal EEG activity is associated with the
processing of positive affect (e.g., viewing film clips containing
pleasant scenes), but greater relative right frontal EEG activity
implies processing of negative affects (e.g., viewing film clips
containing unpleasant scenes) (Jones and Fox 1992). Various
independent studies have examined the relationship between
emotion or emotion-related constructs and asymmetry in EEG
activity in the frontal cortex (see Coan and Allen 2003). We
refer to approach-related tendencies (or left-hemispheric
dominance) as "positive emotional reactions" and withdrawalrelated tendencies (or right-hemisphere dominance) as
"negative emotional reactions."1
Brain asymmetry, whether frontal or otherwise, is still a
conceptual construct with obvious limitations and some
competing explanations, not quite a versatile tool to
understand the brain's reactions to any stimuli through
cognitive and affective processes. Yet the quantity and quality
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of empirical evidence in support of the frontal asymmetry
hypothesis is compelling.
The Frontal Asymmetry Paradigm in Televised Advertising
Tests
In the past six years, we have conducted series of studies to
demonstrate how psychophysiological measures might be
applied to test marketing communication and the effectiveness
of creative idea execution. In one study (Ohme et al. 2010b),
we have identified frontal cortex activation in reaction to
television advertisements, using a comparison of three
consecutive creative executions of Sony Bravia ads ("Balls,"
"Paints," and "Play-Doh"). We looked for left-hemispheric
dominance, which would indicate positive reactions of the
respondents to the stimuli, but dominant reactions occurred
only in response to one of the tested ads, "Balls." Target group
respondents reacted to the emotional part of the ad, as well as
to its informational section (i.e., product benefits, products,
and brand exposure scenes). No similar pattern appeared for
the other two ads, though they contained similar features.
In another study (Ohme, Matukin and Szczurko 2010), we
considered how brainwave analysis of emotional reactions to
the "Balls" ad might help identify a seemingly irrelevant and
irrational ad element-the frog scene-that could have
instrumental as well as artistic power. That is, in the "Balls" ad,
respondents indicated positive reactions to the informational
part, which was preceded by the frog scene. We confirmed that
affective iconic priming occurred on a neurophysiological level
and can be traced with EEG measures and the frontal
asymmetry paradigm. This study thus yielded another
empirical example of how a small, peripheral element can be a
key moment in advertising persuasion.
These findings and conclusions are consistent with another
study in which we tested a television advertisement for a skin
care product (Ohme et al. 2009). Traditional paper-and-pencil
pretests of two versions of the ad revealed that though they
were nearly identical, each generated significantly different
impacts, according to both cognitive measures (benefits and
key benefit recall) and behavioral measures (shelf test). Yet the
only difference was a single scene that contained a gesture
made by a female model; this single gesture appeared to
enhance the effectiveness of the ad. By using EEG and EMG
and monitoring SC, we could register significant differences in
neurophysiological reactions to an altered scene, even though
the respondents did not consciously see the difference.
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MEASURES OF VISUAL ATTENTION USING EYETRACKING
History and Theoretical Background
Studies of eye movement have a long history. In the nineteenth
century, Emile Javal (reported by Huey 1908) discovered that
eyes do not move continuously along text, as previously
assumed, but instead make short, rapid movements,
intermingled with short stops. These discoveries were
confirmed with eye-tracking technology in subsequent eyetracking studies (for a review, see Rayner 1978, 1998). The
short rapid movements and short stops are now known as
saccades (i.e., continuous, rapid movement of eye gazes
between fixations with a velocity of 500 degrees or more) and
fixations (i.e., a relatively motionless gaze that lasts 200-300
ms, in which visual attention is aimed at a specific area of a
visual display; Rayner 1998), and they remain the most widely
used terms to describe eye movements.
Early technologies for tracking the location of eye fixations
were quite invasive, involving direct mechanical contact with
the cornea. The first nonintrusive eye tracker, using beams of
light reflected on the eye and then recorded on film, was used
by Guy Thomas Buswell (1920) to study reading and picture
viewing; Hartridge and Thompson (1948) then invented the
first head-mounted eye tracker. A wide range of eye-trackers
now exist, though they mainly represent three categories:
invasive, such as a special contact lens with embedded sensors
(used in medicine diagnosis and studies of the physiology of
eye movements); EOG electrodes placed near the eyes to
register variations in the electric field (sensitive to even
miniature saccades and capable of working without a light and
with eyes closed, as widely used in studies on sleep); and
optical eye-trackers, which reflect light, typically infrared, in
the eye and measure it with a video camera or some specially
designed optical sensor. The latter category are neither
invasive nor expensive and thus are used most frequently.
Moreover, they can support quantitative, not just qualitative,
studies. Therefore, we focus specifically on optical eyetracking studies.
These studies, including those in marketing, have flourished
not only due to technological developments but also because
of the great advances in psychological theories that link eyetracking data with cognitive processes (e.g., Jacob and Karn
2003). In their strong eye-mind hypothesis, Just and Carpenter
(1976a, 1976b) claim that no appreciable lag occurs between
what a person fixates on and what he or she processes, so
when a person looks at a word or object, he or she also
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cognitively processes that word or object for exactly as long as
the recorded fixation. Thus gaze direction can be linked to the
focus of attention, which provides a mechanism to filter
information received by an organism (Deutsch and Deutsch
1963; Posner and Peterson 1990; Treisman 1964). This
hypothesis has been questioned, though modern research has
proven systematically that shifts of attention without eye
movement is possible (Posner 1980), and as soon as attention
moves to a new position, the eyes follow if they can
(Hoffmann 1998). The questions that remain then are, What
conditions or features evoke attentional shifts to specific
locations, and what is the nature of the emotional and
motivational processes behind visual attention?
Selected Research Areas
People usually focus their eyes on objects, which may provide
important information (Yarbus 1967). Moving attention
depends on task requirements (Folk, Remington, and
Johnston 1992; Hayhoe and Ballard 2005), though some
elements have a higher likelihood of capturing attention,
especially elements with greater biological meaning, such as
movements (Hillstrom and Yantis 1994), distinctive or salient
objects (Theeuwes 1994; Yarbus 1967), emotional stimuli
(Calvo and Lang 2004), and people's faces (Bruce et al. 1992;
Young 1998). Human faces are processed and recognized
faster and more accurately than any other visual stimuli (Bruce
and Young 1986), and evidence suggests that face processing is
enhanced if the face has emotional meaning (Öhman,
Lundqvist, and Esteves 2001; Ohme 2003, 2007).
Emotional material captures attention much faster and holds it
longer than neutral material (Calvo and Lang 2004;
Nummenmaa, Hyönä, and Calvo 2006). However, there is no
full agreement about the impact of the emotional valence of
the stimuli on visual attention. Some researchers hypothesize
that only negative stimuli with high evolutionary meaning can
facilitate cognitive processing, because they are noticed faster
even in a highly distracting environment (Calvo and Lang
2004; Öhman, Flykt, and Esteves 2001). However most
evidence suggests that both negative and positive stimuli can
capture and hold attention (Kolańczyk 2004; Nummenmaa,
Hyönä, and Calvo 2006; for a review, see Vuilleumier 2005).
The eye-tracker technique is a well-validated tool to identify
the flow of visual attention and its strongest attractors
(Chanon et al. 2007; Hollingworth and Henderson 2002).
Recordings from eye-tracker studies can reveal the hierarchy
of perceptions of stimulus material (i.e., which elements are
perceived earlier, which later, and which remain peripheral or

Spring 2011

consciously unnoticed) and the contact time (i.e., how long
each element is attended to). With its ease of application, eye
tracking has been used in various research areas, such as when
cognitive psychologists gain data about the timing of ocular
and attentional movements (Chanon et al. 2007; Posner 1980),
synchronization and desynchronization in binocular eye
movements (Altmann and Kamide 2009), and cognitive speed
and working memory (Mitchell, Macrae, and Glichrist 2002).
It provides valuable information on visual perception, such as
the identification and categorization of visual objects
(Hollingworth and Henderson 2002) or the ability to assess
distances to and between objects (Currie et al. 2000). Cognitive
linguistics studies use eye tracking to gain an understanding of
the processes of reading and language comprehension, as well
as the clarity of a written message (Gonzalez-Marquez et al.
2005). Eye trackers are also used in human-computer
interfaces to aid disabled or paralyzed people (Abbot 2006). In
psychiatry, eye tracking has advanced research in autism
(Dapretto et al. 2006) and schizophrenia (Lezenweger and
Gold 2000). Finally, eye tracking found its way to commercial
applications, including web usability, advertising, package and
product design, automotive engineering, movies, gaming, and
shelf and shop testing (Brasel and Gips 2008).
Eye Tracking in Market Research
Market research first used eye tracking for qualitative analyses,
including single-person data analyses and in-store research, in
which setting it could analyze what consumers really notice
while shopping. In usability research, especially for websites,
eye
trackers
determine
the
clearance
of
the
website/advertisement/user interface construction and
visibility of particular elements. In recent years, quantitative
analyses also have investigated areas of interest, such as
preselected places of foveal vision concentration. Such
analyses are particularly effective to test packaging designs to
determine if important elements such as the brand or product
name are visible (Gofman et al. 2009).
INTEGRATION WITH EEG: WHAT DO PEOPLE FEEL
WHEN THEY LOOK?
Shortcomings in Standalone Applications
Advertising practitioners often implicitly assume that more
visual attention means a positive reaction to the attended
element, based on a common intuition that greater attention
reflects greater interest, and greater interest equals a positive
reaction or liking. This heuristic is strongly supported in
everyday language; when we say "I am interested," we usually
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mean, "I like it." However in tests in commercial settings, we
have frequently found that the most visually attended elements
do not trigger positive reactions (as indicated by the frontal
asymmetry paradigm). Instead, such elements can cause
negative or neutral reactions (e.g., when a product and the
visual do not match). We therefore posit that attentional focus
does not necessarily lead to positive emotional reactions.
Standalone eye-tracking measures cannot assign emotional
valence to attended stimuli though, nor can they offer
definitive information about consumers' emotional experience
when they view an advertisement. Gazes, scan paths, and heat
maps can provide valuable information about visual attention,
but they still are not able to reveal affective aspects of the
stimuli. Some theories associate pupil dilation with emotional
engagement, though this measure is questionable, because
many factors can influence pupil dilation that have nothing to
do with the emotional engagement, such as changes in
illumination (Beatty and Lucero-Wagoner 2000), cognitive
workload (Kahneman and Tversky 1973; Kramer 1991), and
participants' gaze angle (Kleinke 1986). Thus pupil dilation
alone cannot be considered an indicator of affective states.
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messages. In other words, this integration should be able to
capture what we feel when we look at something. We present a
brief example of exploratory research that integrates EEG with
eye-tracking recordings to contribute to a better
understanding of how consumers process visual stimulation.
We thus highlight the great opportunity of such integration
for a greater comprehension of the "mental mechanics" in
response to interactive advertising.
The Integrated Approach
In previous studies, we have successfully integrated
neurophysiological measures (Ohme, Matukin, and Szczurko
2010; Ohme et al. 2009). We also have attempted to show how
combining EEG with eye tracking can enrich marketing
research on static advertising (Ohme, Matukin, and PaculaLesniak 2011) and perhaps interactive advertising. We
introduce a new exploratory method, based on the frontal
asymmetry paradigm, designed to understand what
respondents feel when they look at the visual stimulation of
two versions of a DVD cover: an original version and one that
also featured logos for the awards the movie had won.

To determine what emotional valence is associated with
visually attended stimuli, researchers have two options: verbal
declarations of respondents or analyses of nonverbal brain
reactions. Declarative measures are much simpler and easier to
gather but may be biased by cognitive distortions typical of
post factum responses (e.g., primacy or recency) and rarely
correspond to the time flow of emotional reactions (Matukin
and Ohme, in press). Brain imaging measures are not
susceptible to such cognitive distortions because they do not
require verbal reactions from respondents (Ohme et al. 2009).

Our eye-tracking measures showed that for both covers (with
and without award information), respondents engaged in
visual exploration and attended to all the main elements.
However, the cover with the awards information seems to
harm legibility, which is not surprising, in that it contains an
additional element that must be assessed. Cognitive processing
of that additional element consumed some of the respondents'
attentional resources, whereas they had more time and mental
energy to spend on the original cover. Based solely on the eyetracking findings, we would have recommended the cover
without the awards information as a more effective version.

The EEG measures of emotions can precisely detect changes in
brain activity generated by marketing communications. The
most widely used methods aggregate moment-to-moment
measures into a single mean value or use event-related
potentials (Ma et al. 2008; Zhang et al. 2003). Yet standalone
EEG analyses also lose information about temporal dynamics
and the flow of emotional reactions. Thus they cannot reveal
which objects evoke the observed emotional reactions-the
brand, a headline, or visuals?

With the EEG measurements, we also estimated emotional
reactions to the two covers. The additional information about
awards apparently exerted no influence on perceptions of the
cover; thus we confirm that placing awards logos on a DVD
cover is not an optimal communication tactic. However, had
we relied solely on the EEG findings, we could not have
recommended either version, because both covers prompted
equal perceptions.

To find the answer, we suggest administering EEG in parallel
with observations of eye movements. We thus need to
synchronize recordings from both independent sources, which
offers an opportunity to determine the foundations of
cognitive and emotional reactions to incoming visual stimuli
and infer both analytic and holistic meanings of marketing

Finally, we integrated both findings to identify exactly which
emotions were triggered by the particular elements of each
cover. For the participants who viewed the cover with the
awards information, we find an emotional preference for
information about awards. Therefore, if we made our
recommendation on the basis of integrated EEG and eye-
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tracking data, we would suggest the DVD cover with the
award information as more effective.
Thus the observations from the integrated approach differ
significantly from those we obtained from the separate
analyses. We believe that the integrated approach provides a
wider perspective, in that we can locate the source of a
reaction precisely (based on eye tracking) and also determine
the emotional valence of the reaction (based on EEG).
Moreover, the integrated approach offers useful and practical
recommendations for advertisers (e.g., include award logos
but place them using better spatial management).
IMPLICATIONS FOR INTERACTIVE ADVERTISING
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Another likely usage involves the gaming industry. Game
designers can measure both the visibility and emotional
reactions to in-game ads and reactions to the game itself. This
application appears particularly important because a good
integration of game content with in-game advertisements
increases both interest in the product and purchase intentions
(Chang et al. 2010). It can also make games more realistic and
exciting (Wegert 2005). There are many crucial issues for ingame advertising: Do reactions to the ads depend on the
player's eventual outcome? Is there any influence of game
content on implanted commercials? Are there any differences
between the conscious self-reports and unconscious
neurophysiological reactions to such commercial messages?

New Opportunities for Research

Challenges

The integrated approach can test a variety of marketing
stimuli, beyond static stimuli such as print ads or DVD covers
(Ohme, Matukin, and Pacula-Lesniak 2011). For example, it
could test advertisements in interactive media such as online
advertisements, website architectures, games, or in-game
advertisements. When EEG measures are synchronized with
eye-tracking measures, they can estimate consumer reactions
to different forms of advertising on websites, including links,
static banners, dynamic banners, or pop-ups. This tool offers
precise estimations and can help improve the efficiency of
website messages by revealing their best spatial position, the
best timing, and the best creative executions. Advertisers will
benefit from such analyses in almost all aspects of online
advertising, because they can optimize their messages to
ensure emotional reactions, legibility, user-friendliness, and
behavioral efficiency. Moreover, the precise identification of
the source and effect (i.e., visual element and corresponding
emotional reactions) offers specific instructions about how to
improve a particular communication element.

To introduce high-tech methods to study interactive
advertisement demands that we address some issues that
continue to make the application of the integrated approach
difficult. First, sample size is critical. Even in analyses of static,
non-interactive pictures, we observe significant decrements in
the number of valid observations, for several reasons (Ohme,
Matukin, and Pacula-Lesniak 2011). In an interactive
advertisement setting, this loss could be even greater, because
the key influence on information loss is the demand of
statistical computations, which require respondents to fit a
specific condition. If respondents can move freely across the
layouts, they are increasingly likely never to notice some
important elements, so the valid sample shrinks. Therefore, we
recommend at least 60 respondents per cell.

The synchronization of EEG and eye tracking also enables an
estimation of the unconscious reactions to a website's
architecture. These estimated reactions have great value for
determining user-friendliness, content, and design, as well as
to improve the communication potential of the site by
revealing the best main visual, appropriate spatial positions of
strategic elements (e.g., logo, headline, pricing, contact
information), and strong and weak aspects of a composition.
Marketers can take into account not only the overall
impression but moment-to-moment attentional and
emotional reactions during an interaction-at the beginning, in
the middle, and near the end of the interaction.

Second, we need to address the potential movements of
respondents during test sessions. In an interactive condition,
respondents usually use some devices, such as a mouse,
keyboard, joystick, or console. These movements can cause
recording errors (e.g., sensors read artifacts, changes alter the
activation of the motor cortex). Each respondent also moves
according to his or her own individual way and timing, which
introduces an additional source of unsystematic error. In an
interactive condition, each output is unique, so we would need
to prepare them individually, which would make their analyses
complex and time consuming. Research being conducted into
intelligent software that can recognize a respondent, time,
layout, and area of interest at the same moment and
synchronize the data with respondents' reactions, as recorded
by the biometric sensors, may help address this concern.
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mind that biometric research methods remain in their infancy,
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