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Abstract

While neuromarketing research delineates how specific neurophysiological methods

offer predictive power beyond traditional survey methods, few studies explore how

these methods can be used concurrently to measure outcomes across marketing

contexts. We address this gap by simultaneously eliciting multiple neuro-

physiological measures: inter‐beat interval from heart rate, skin conductance

response, and frontal alpha asymmetry from electroencephalography (EEG) across

multiple stimulus categories, and associating them with distinct psychological

(emotional valence and arousal) and marketing (ad recognition and ad effectiveness)

outcomes. We found that inter‐beat interval was associated with emotional valence

while skin conductance response was associated with emotional arousal across all

stimulus types. Critically, self‐reported arousal and inter‐beat interval at both the

aggregate and frame level were associated with ad recognition, but self‐reported

valence was not. Finally, inter‐beat interval and frontal alpha asymmetry played

complementary roles in predicting out‐of‐sample ad effectiveness. Specifically, while

inter‐beat interval was a significant predictor of out‐of‐sample brand recognition

and not purchase intention, frontal alpha asymmetry was associated with purchase

intention and not brand recognition components of ad effectiveness. Our results

demonstrate distinct and complementary marketing applications for inter‐beat

interval, skin conductance response, and frontal alpha asymmetry and provide

valuable insights to practitioners seeking to incorporate findings from these

neurophysiological methodologies into their marketing decisions.
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1 | INTRODUCTION

The past decade has seen a tremendous increase in the use of various

neurophysiological methodologies such as electroencephalography (EEG),

galvanic skin response, heart rate, facial expressions, and functional

magnetic resonance imaging (fMRI) to understand decision making and

consumer behavior (Figner et al., 2019; Payne & Venkatraman, 2011;

Plassmann et al., 2015; Potter & Bolls, 2012; Stillman et al., 2020). In

parallel, the increased accessibility and scalability, and the decreasing

administration costs have led to a proliferation of neuromarketing

companies in the market research industry that seek to assess consumers'

emotional and cognitive responses using a combination of these

methodologies (Ariely & Berns, 2010; Grissmann et al., 2017; Guixeres

et al., 2017; Venkatraman et al., 2015). However, widespread real‐world

application of these methods is still impeded by the lack of unified studies

across stimulus types and methods that seek to elucidate the

effectiveness of each of these methods in measuring specific constructs

and their complementary value. In this article, we focus specifically on

three of the popular and scalable methods in marketing—galvanic skin

response, heart rate, and EEG, and their role in reliably measuring

emotional valence and arousal across different types of stimuli including

images, videos, and TV advertisements. Critically, we also elucidate the

effectiveness of these measures in predicting memory for contents of the

ad as well as their overall effectiveness.

Electrodermal Activity or Galvanic Skin Response (GSR) occurs when

the skin transiently becomes a better electrical conductor due to

increased activity of the eccrine (sweat) glands resulting from changes

in the sympathetic branch of the autonomous nervous system

(Boucsein, 1992). Galvanic skin response has been associated with a

wide range of psychological processes ranging from orienting responses

to depth of information processing and cognitive effort (Dawson

et al., 1989; Delgado et al., 2008; Uno & Grings, 1965; Williams

et al., 2000). The commonly used galvanic skin response measure is the

amplitude of the skin conductance response, which is an indicator of

multiple processes including attention, habituation, arousal, anticipation,

and cognitive effort (Venkatraman, 2019). In a marketing context, skin

conductance response has predominantly been used as a measure of

emotional arousal. Hubert and de Jong‐Meyer (1991) found skin

conductance increased when people watched suspense films character-

ized by greater arousal and decreased when they watched cartoon films

characterized by low levels of arousal. Similarly, Simons et al. (1999)

showed that skin conductance responses were greater for pictures with

motion than those without motion—consistent with increased arousal

associated with motion. More recently, Breuer et al. (2021) used galvanic

skin response to demonstrate that higher degrees of game outcome

uncertainty increased viewers' arousal during live sports broadcasts.

Together, these findings suggest galvanic skin response is reliably

associated with emotional arousal from dynamic stimuli like videos and

animated pictures.

Heart rate or the speed at which the heart beats has been used as an

indicator of attention and arousal. Heartbeats generate electrical activity,

which can be captured by placing two electrodes on the wrists. The time

between two consecutive heartbeats is called the inter‐beat interval and

is often measured in milliseconds. The inter‐beat interval is longer when

heart rate slows down, and it is linked to two antagonistic systems: the

sympathetic and parasympathetic nervous systems (Guixeres et al., 2017;

Saul, 1990). Previous studies demonstrate that the phasic inter‐beat

interval changes (i.e., whether the heart rate accelerates or decelerates in

response to a stimulus) provide valuable information on attention and

emotional responses (Abercrombie et al., 2008; Bradley et al., 2001;

Lang, 1994). Specifically, heart rate acceleration indicates increased

arousal (Wang et al., 2011) while heart rate deceleration indicates

increased attention (Lang et al., 1996, 2009). While research shows that

heart rate variability—the rate of change in heart rate—is also a

useful indicator of autonomic responses (Saul, 1990; Shaffer &

Ginsberg, 2017), heart rate variability is most useful when a high level

of emotion is expected to be induced (Choi et al., 2017). Heart rate

variability indicators also normally require larger time frames and may be

more suitable for video stimuli but not still images (Shaffer &

Ginsberg, 2017). In our experimental paradigm, given the shorter time

frames and use of multiple stimulus modalities like gambles and images,

we focus on using inter‐beat interval, rather than heart rate variability, as

the measure of heart rate.

Electroencephalography (EEG) has been successfully used in market-

ing contexts to measure a variety of emotional and cognitive processes

(Hakim & Levy, 2019). EEG uses electrodes to measure the electrical

activity on the scalp to infer the aggregate electrical activity of brain

regions underneath (Kirschstein & Köhling, 2009; Luck, 2014). While

different EEG frequency bands like theta, delta and gamma are well

established in measuring various cognitive processes (Bauer et al., 2007;

Engel et al., 2001; Goode & Iwasa‐Madge, 2019; Kirk & Mackay, 2003),

we focus on frontal alpha asymmetry—the difference in power in the

alpha band (8–13Hz) between the left and right hemispheres from the

electrodes placed over the frontal lobe (F3 and F4 electrodes). It is the

most frequently used measure in marketing, particularly with increasing

popularity ofmobile EEGheadsets (Deloitte, 2018; diGruttola et al., 2021).

The alpha frequency band is commonly associated with cognitive

processes like attention and memory, particularly within the occipital

regions (Klimesch et al., 1998; Van Diepen et al., 2019). Critically, these

signals are inhibitory in nature and facilitate selective attention by actively

suppressing distracting stimuli (Foxe & Snyder, 2011; Klimesch, 2012).

Following Davidson's influential approach‐withdrawal motivational model

of emotion (Davidson, 1998), approach‐related emotions (e.g., joy and

anger) have been found to be associated with relatively greater left

frontal activation, whereas withdrawal‐related emotions (e.g., disgust and

fear) are associated with relatively greater right frontal activation (Coan &

Allen, 2004; Ekman & Davidson, 1993; Harmon‐Jones et al., 2010).

In marketing contexts, frontal alpha asymmetry has been

associated with attention and memory (Hakim & Levy, 2019). For

example, Vecchiato and colleagues found that cortical activity elicited

during the observation of TV commercials that were remembered

was higher and localized in the left frontal brain areas when

compared to the activity elicited during the presentation of the TV

commercials that were later forgotten (Vecchiato, Astolfi, Cincotti,

et al., 2010; Vecchiato, Astolfi, Fallani, et al., 2010). In a later study,

the same group found an asymmetrical increase of theta and alpha
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activity in the left (right) hemisphere related to the observation of

pleasant (unpleasant) video advertisements (Vecchiato et al., 2011).

Though an increasing number of studies have evaluated the role of

different neurophysiological measures for measuring constructs like

attention, emotion, liking, and memory (Bellman et al., 2017; Guixeres

et al., 2017; Handy et al., 2010; Khushaba et al., 2013; Valenza

et al., 2014), very few have sought to systematically combine insights

across multiple methods. In an early study, Ohme and colleagues showed

that EEG, EMG, and skin conductance could detect differences in

marketing stimuli, despite these differences not being consciously

processed by the participants (Ohme et al., 2009). Similarly, Garcia‐

Madariga et al. (2020) study how EEG, eye tracking, and galvanic skin

response can be used in discerning why metaphorical ads evoke greater

purchase intentions than nonmetaphorical ads. They show that while EEG

tracks the perceived complexity of metaphorical ads, eye tracking and

galvanic skin response track attitudes towards the ad and purchase

intentions. However, their study did not include any out‐of‐sample

predictions using the neurophysiological responses. In a more compre-

hensive study, Venkatraman et al. (2015) used a wide range of

physiological markers (self‐report and implicit measures, eye tracking,

skin conductance, heart rate, EEG, and fMRI) in the context of advertising.

In addition to demonstrating the relationship between the measures, the

study also found that activation in the ventral striatum (a region in the

brain associated with desirability and reward processing) was the

strongest predictor of advertising elasticity above and beyond self‐

report measures. Finally, the authors also showed a moderate relationship

between advertising elasticity and occipital alpha band activity and frontal

alpha asymmetry.

These multimethodological studies demonstrate the unique and

complementary insights that can be obtained by combining neuro-

physiological methods. Yet, few studies have evaluated the consistency of

these insights across different categories of stimuli in the same individual.

In other words, while past work in neuromarketing has studied the

application of multiple methods in evaluating specific marketing stimuli

(García‐Madariaga et al., 2020; Pozharliev et al., 2022; Venkatraman

et al., 2021), predictingmarketingoutcomes (García‐Madariaga et al., 2019;

Venkatraman et al., 2015), or linking specific outcomes to specific

neurophysiological measures (Camarrone & van Hulle, 2019; Rossiter &

Silberstein, 2001), no study has integrated the study of multiple

physiological markers across multiple stimuli in predicting distinct and

complementary marketing outcomes. We address this gap by evaluating

simultaneous insights about emotions and memory from heart rate, skin

conductance, and EEG across images, videos, and TV advertisements.

2 | MATERIALS AND METHODS

2.1 | Participants

A total of 93 respondents (48 females, mean age =33.2, SD=7.6) were

recruited from the general population in New York City during August

2019 to participate in this study. Our sample size was larger than similar

multimethod studies in the literature (e.g., Venkatraman et al., 2015 study

had about 30 participants for neurophysiological measures, while Ohme

et al., 2009 collected data from 45 participants). All participants were

right‐handed, had normal or corrected to normal vision, were not taking

any anti‐depressant medication, and reported to have no history of

neurological or psychiatric conditions. Respondents provided informed

consent and were paid $100 in exchange for their participation. Stimuli

were presented on a 12.5'' laptop screen and respondents were seated

about 70 cm from the screen. We obtained heart rate, galvanic skin

response, and EEG responses with the BioSemi ActiveTwo system. The

electrodes for capturing heart rate were placed on the left and right wrists

and the electrodes for capturing galvanic skin response were placed on

the distal phalanx of the index and middle fingers of the respondent

nondominant hand. EEG data were obtained using 32 active Ag–AgCl

electrodes in the 10/20 configuration on the scalp, apart from electrodes

on left and right mastoids. The sampling rate for EEG, heart rate, and

galvanic skin response was 1024Hz. Heart rate data from seven and EEG

data from eight respondents were discarded from the analyses because

of technical issues during the experimental session or excessive noise in

the recorded data.

2.2 | Stimuli selection

Participants were exposed to a series of pre‐tested images, videos,

and ads. For emotional images, we downloaded a total of 100

emotional images spanning a broad range of valence and arousal

ratings from the internet. We then recruited 400 independent

respondents using an internet‐based sample in the US (50% female,

ages 21–50) to rate a subset of 20 images each on valence and

arousal. This resulted in a total of 80 valence and arousal ratings for

each of the 100 images. We then selected a subset of 49 images

representing each of the four quadrants (arousal: low vs. high and

valence: positive vs. negative) as core image stimuli for this study (see

Online Supporting Information S‐I for examples and more details).

The videos were all in English and included 20 TV ads and 16

other emotionally intense video clips. For theTV ads, we leveraged an

internal Ipsos database (consisting of over 800 ads with correspond-

ing self‐reported attitude ratings and facial coding responses that

were obtained from an independent participant pool) and identified

20 ads that showed the strongest facial coding response within the

database (10 positives and 10 negatives). We used facial response as

an a priori basis for selecting these stimuli given its established

relationship in predicting emotional valence (Davidson et al., 1990) as

well as its independence with the other methods used in this study.

The 16 emotional videos were extracted from movies or

YouTube and consisted of intense positive or negative emotional

scenes. We validated the emotionality of these videos in a pre‐test

with 15 independent respondents, who all rated each video on

valence and arousal using a 100‐point scale (0 negative valence/low

arousal … 100 positive valence/high arousal). All the videos were found

to be emotionally evocative (mean arousal = 63.9, SD = 8.68). The

positive videos were all above the midpoint (mean positive = 78.6, SD

positive = 5.3) while the negative videos were all below the midpoint

BALDO ET AL. | 1981
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(mean negative = 19.6, SDnegative = 8.0) on the valence measure (see

Online Supporting Information S‐II for further details).

Finally, we also obtained a retrospective out‐of‐sample advertis-

ing effectiveness measure for 15 out of the 20 TV ads used in the

study. Since the initial selection of these ads was not contingent on

the availability of the measure, we do not have this data available for

the remaining five ads. While ad effectiveness as a construct could

have many dimensions, the measure used here is an internal Ipsos

proprietary composite score consisting of two key components:

brand recognition and purchase intent (Lavidge & Steiner, 1961;

Rossiter & Percy, 1987), obtained using a survey‐based experimental

paradigm from 150 respondents. As part of this survey, four ads were

presented (including the test ad and three control ads from different

brands) in a random order across participants. Then, after a distractor

task during which a movie trailer was shown on screen, the

respondents were presented with de‐branded frames from the TV

ad being tested and asked whether they remembered seeing it

previously during the survey (recognition task). Participants were also

then asked to identify the advertised brand and to rate on a

continuous scale how specific (or vague) their memories were for the

ad. The brand recognition measure is a weighted measure of the

proportion of individuals who correctly identified the advertised

brand and their self‐reported specificity of the memory, and

represents the ad's ability to win viewers' attention amid clutter

and establish details associated with the brand in the viewers'

memory. Additionally, respondents were presented again with the

test ad and asked how likely they were to buy the advertised brand

on a 5‐point scale (ranging from definitely not to definitely yes). The

purchase intent measure reflects the ad's impact on brand desire and

was obtained by comparing how likely respondents were to buy the

advertised brand against the same ratings obtained from a separate,

matched, sample of 150 respondents undergoing the same experi-

mental design but not being exposed to the advertising. The final ad

effectiveness measure is obtained by integrating the brand

recognition and purchase intent components (Walker, 1991). This

measure has been used internally with clients for more than two

decades and has been independently validated using marketing mix

models produced by third‐party research agencies including Nielsen,

IRI, and Analytic Partners. Significant differences in the composite

effectiveness measure are consistently associated with measurable

in‐market differences in sales lifts across ads for a given brand.

2.3 | Experimental design

The study followed a completely within‐subjects design. The experi-

mental procedure was divided into four blocks (Figure 1). Respondents

were presented with the 20 TV ads in block one (mean duration =33.1 s,

SD=13.1), 49 emotional images (presented for 5 s each) in block two, 16

emotionally intense videos (mean duration =47.4 s, SD=17.3) in block

three. In each of these blocks, respondents were asked to rate each

stimulus on valence and arousal (0–100) immediately after viewing the

stimulus. The stimulus presentation order was randomized within blocks

across respondents and each stimulus was preceded by an intertrial

interval (ITI) of 5–7 s during which time a fixation cross was presented.

Finally, participants also completed a gambling task, details of which are

provided in Online Supporting Information (S‐III) and not discussed any

further within the scope of the main manuscript.

Respondents took a short break between each block (mean

duration = 21.8 s, SD = 17.7 s). Finally, respondents completed a

surprise recognition task for the 20 TV advertisements presented in

block 1. In each trial, they were exposed to a single ad frame for 4 s

each and asked if they remembered seeing that frame during the test

session earlier on a four‐point scale (0 “definitely no” … 3 “definitely

yes”). They completed a total of 58 frames consisting of two frames

from each of the 20 ads interspersed with 18 matched distractors.

We focused mainly on hits, with the average rating across the two

target frames for each ad being used as a measure of ad recognition.1

The recognition test took place approximately 50min after the initial

F IGURE 1 Experimental procedure (ITI = Inter Trial Interval; ' = minutes, '' = seconds). Participants' skin conductance response, EEG and heart
rate were measured concurrently as they saw and rated each set of pre‐tested stimuli. All participants first saw the 20 TV ads, followed by
49 images, 16 emotional videos, before completing 26 trials of a gambling task. Finally, participants completed a surprise ad recognition task
for a subset of the ads they had viewed.

1We focused mainly on hits and not correct rejects or false alarms, given the design of the

task and the emphasis on ad recognition and not participant‐level accuracy. Therefore, the

distractors were used primarily to ensure participants paid attention to the frames and did

not classify all frames as old. No participant had more than 50% ‘definitely yes' choices for

the distractor items and the average accuracy for the distractors was 86% across all

participants, matching closely with the 89% accuracy for the target frames.

1982 | BALDO ET AL.
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exposure to the ads, and the presentation order of the frames and

distractors was fully randomized across participants.

2.4 | Data processing

Skin conductance has two components: tonic and phasic, which are

characterized by differences in time scales and the relationship to an

external stimulus (Figner et al., 2019). We focus primarily on the

phasic activity here, which refers to the higher frequency, faster‐

changing response that has been commonly associated with

emotional arousal (Bernat et al., 2006). Each peak within the phasic

activity represents a skin conductance response, which is defined as a

discrete short fluctuation in skin conductance that lasts a few

seconds and follows a characteristic pattern. There is an initial rapid

increase in conductivity represented by a steep rise in the response

signal followed by a short peak and a slow return to baseline. For

time‐locked events (images and gamble outcomes), we compute and

use the amplitude of the skin conductance response immediately

following the stimulus presentation in our analysis (Benedek &

Kaernbach, 2010). For videos we compute the average phasic skin

conductance response over the entire stimulus presentation period.

Therefore, skin conductance response in the rest of the manuscript

refers to skin conductance response amplitude in the context of time‐

locked events and average phasic skin conductance response over

the entire stimulus duration when referring to videos.

To compute inter‐beat interval, we first determined the

continuous heart rate responses for each participant by measuring

the difference between the voltages of the electrodes placed on the

left and right wrists. Then, we determined the R‐wave peak for each

QRS complex. Finally, inter‐beat interval was defined as the time

elapsed between two consecutive R‐peaks (Goldberger et al., 2017).

Specifically, we focus on change in inter‐beat interval from a baseline

value measured immediately preceding stimulus presentation in this

manuscript. The baseline value is the average inter‐beat interval in

the 2 s immediately preceding the presentation of the images. For

time‐locked events (images and gamble outcomes), data were

averaged at respondent level for a 2–7 s window following the

stimulus presentation. For videos, inter‐beat interval was averaged at

a respondent level across the length of the video.

For EEG, the 32 channels were first referenced to the common

vertex electrode on the center of the scalp (Cz) and then filtered at

8 Hz to 13Hz to extract the signal in the alpha band (Davidson

et al., 1990; Harmon‐Jones & Allen, 1998). The alpha power for each

channel was then computed using a moving average window of

500ms:

∑AlphaPower k
N

x k i for ch( ) =
1

( − ) = 1 : 32.
i O

N

ch
=

−1
2 (1)

Finally, the frontal alpha asymmetry (FAA) for each respondent

was determined by comparing the alpha power from the left

(F3 channel) and right (F4 channel) hemispheres:

FAA
AlphaPower AlphaPower

AlphaPower AlphaPower
=

−

+
.

F F

F F

4 3

4 3
(2)

The frontal alpha asymmetry response to each stimulus was

baselined to its average on a 500‐ms window preceding the stimulus

presentation. For time‐locked events (images and gamble outcomes),

data were averaged at respondent level for a 0.5–1.5 s window for

computing the frontal alpha asymmetry response. For videos, frontal

alpha asymmetry data were averaged at a respondent level across the

length of the video. Larger values of the frontal alpha asymmetry

response are associated with more approach behavior.

3 | RESULTS

3.1 | Measuring emotional arousal

We first compared the average arousal ratings in the current sample

with the ratings obtained from the pre‐test. We found a very high

correlation between the two arousal measurements (images: r

(47) = 0.91, p < 0.001; videos: r(14) = 0.91, p < 0.001), suggesting that

these stimuli elicited reliable and consistent emotional responses

(Figure 2).

We next determined whether the skin conductance response

amplitude was associated with arousal ratings across different

categories of stimuli. We found a significant relationship between

skin conductance response and self‐reported arousal for the images

(r(47) = 0.38, p = 0.01). The average phasic skin conductance response

was also significantly correlated with arousal for the TV ads

(r(18) = 0.81, p < 0.001) and emotional videos (r(14) = 0.60, p = 0.01).

We next tested the relationship between inter‐beat interval and

arousal. Inter‐beat interval and self‐reported arousal ratings were not

correlated for images (r(47) = 0.23, p = 0.11). The inter‐beat interval

was positively associated with self‐reported arousal for the TV ads (r

(18) = 0.50, p = 0.03) but not for the emotional videos (r(14) = 0.40,

p = 0.12). Finally, we investigated the relationship between frontal

alpha asymmetry and arousal. We did not find a significant

relationship between frontal alpha asymmetry and self‐reported

arousal for either images (r(47) = −0.09, p = 0.55), TV ads (r(18),

p = 0.52) or the emotional videos (r(14) = 0.10, p = .71).

Together, these findings suggest that while skin conductance

response was consistently and reliably correlated with arousal across

different categories of stimuli, inter‐beat interval and frontal alpha

asymmetry were not associated with measuring emotional arousal

consistently.

3.2 | Measuring emotional valence

Similar to arousal, the average valence ratings for each image and

video in the current sample correlated almost perfectly with the

ratings obtained from the pre‐tests (valence for images: r(47) = 0.99,

p < 0.001; valence for videos: r(14) = 0.96, p < 0.001), suggesting that

BALDO ET AL. | 1983
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these stimuli elicited reliable and consistent emotional responses

within the current sample (Figure 2 right panel).

We next determined whether the skin conductance response

amplitude was associated with valence ratings across different

categories of stimuli. We found no significant relationship between

skin conductance response and self‐reported valence for the images

(r(47) = −0.03, p = 0.85), TV ads (r(18) = 0.33, p = 0.16) or emotional

videos (r (14) = −0.29, p = 0.27).

We next tested the relationship between inter‐beat interval and

valence. The inter‐beat interval was significantly and negatively

correlated with emotional valence for the image stimuli (r(47) = −0.54,

p < 0.001). The negative coefficient indicates that the more negative

the image, the more the heart rate slows down in response to the

stimulus, and the larger the time between two heartbeats or inter‐

beat interval. These findings were also robust to an independent

analysis comparing individual‐level inter‐beat interval responses to

two distinct clusters of positive and emotional images (t(85) = −4.48,

p < 0.001) that were balanced on arousal (Figure 3, see Online

Supporting Information S‐I for additional details). Similarly, we also

found that inter‐beat interval was significantly correlated with self‐

reported valence ratings for the emotional videos (r(14) = −0.87,

p < 0.001), but not for TV ads2 (r(18) = 0.01, p = .96).

We finally analyzed whether frontal alpha asymmetry was

correlated with emotional valence. Average frontal alpha asymmetry

was not significantly correlated with the average valence for

emotional images (r(47) = 0.04, p = 0.81). We also did not find a

significant relationship between frontal alpha asymmetry and self‐

reported valence for the TV ads (r(18) = −0.22, p = 0.34) or for the

emotional videos (r(14) = −0.02, p = 0.95).

In summary, we find that inter‐beat interval can significantly and

consistently distinguish positive and negative valence across different

stimulus categories (Figure 3). In contrast, we do not find any

evidence that either frontal alpha asymmetry or skin conductance

response is consistently associated with emotional valence (see

Online Supporting Information S‐IV for additional analyses exploring

the interaction between valence and arousal).

3.3 | Predicting memory recognition

We investigated whether self‐reported valence and arousal during

exposure to the ads could predict ad recognition in the surprise

recognition task at the end of the session. We created a recognition

score for each ad by averaging the participant response to the two

F IGURE 2 The mean arousal (left) and valence (right) ratings for the emotional images from the pre‐test sample versus the study sample
were highly correlated.

F IGURE 3 Across experimental blocks, heart rate showed larger deceleration (larger inter‐beat interval) in response to negative than positive
stimuli. (a) the inter‐beat interval response, averaged from 2 to 7 s after stimulus presentation, was significantly larger for negative (M = 21.47,
SD = 22.69) than positive (M = 11.95, SD = 17.97) images; b) The inter‐beat interval response averaged on the entire video was larger for
negative (M = 55.15, SD = 46.49) than positive (M = 21.74, SD = 33.57) emotional videos

2The lack of relationship for TV ads was due to a lack of variability in the valence ratings for

these ads – none of the ads were really negative (See supporting material S‐II for a

scatter plot).
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test frames from that ad (mean score across all ads = 2.62, SD = 0.32).

We conducted independent linear regressions to test the effect of

average valence or arousal ratings obtained during initial exposure to

the ad on subsequent recognition score. Results showed that arousal

(B = 0.594, SE = 0.190, p = 0.006) but not valence (B = −0.065, SE =

0.235, p = 0.79) was a significant predictor of recognition. These

results suggest that the more emotionally intense the ad, the stronger

it is encoded in memory and the higher the chances for the details of

the ad to be subsequently recognized.

We next sought to evaluate the role of inter‐beat interval, skin

conductance response, and frontal alpha asymmetry in predicting

recognition. First, we analyzed whether frontal alpha asymmetry and

inter‐beat interval measures averaged across the entire ad could

significantly predict this ad recognition score using linear regression.

We found that inter‐beat interval was significantly associated withTV

ad recognition (B = 0.562, SE = 0.951, p = 0.01). On the contrary,

there was no relationship between frontal alpha asymmetry and

recognition (B = −0.028, SE = 0.236, p = 0.91). This suggests that ads

that generated a larger inter‐beat interval response (slowing heart

rate) were more likely to be remembered. Critically, since self‐

reported valence did not predict recognition, we contend that this

effect of inter‐beat interval on ad recognition is independent of its

role in measuring emotional valence postulated earlier.

Next, we tested if inter‐beat interval could also predict

recognition at the individual ad‐frame level rather than the entire

ad. Here, we calculated the inter‐beat interval response for each test

frame by averaging only the heart rate response from a 2–4 s window

following the presentation of the corresponding frame during

exposure. We then performed a linear regression using this frame‐

level inter‐beat interval response as the independent variable rather

than the averaged inter‐beat interval response from the whole ad.

We found that frame‐level inter‐beat interval was also associated

with ad recognition significantly (B = 0.375, SE = 0.150, p = 0.02).

Finally, we tested if skin conductance response was a predictor

of recognition. We regressed the average skin conductance response

on the recognition score for each TV ad. Results show a marginally

significant relationship between skin conductance response and ad

recognition (B = 0.421, SE = 0.214, p = 0.06), which is not surprising

given arousal was a significant predictor of ad recognition, and the

positive association between skin conductance response and arousal.

We also tested if skin conductance response could predict

recognition at individual ad‐frame level. We regressed the average

skin conductance response amplitude following each ad frame on the

ad frame recognition score. Results showed a marginally significant

relationship between skin conductance response and ad‐frame

recognition (B = 0.267, SE = 0.156, p = 0.10).

In summary, we find that self‐reported arousal and the

corresponding ad‐level average skin conductance response measure

predicted ad recognition, though the skin conductance response

effect was marginal. Additionally, inter‐beat interval predicted

ad recognition significantly at both an aggregate and ad‐frame

level. However, frontal alpha asymmetry was not related to ad

recognition.

3.4 | Predicting ad effectiveness

We finally sought to investigate the complementary role of the

different measures in predicting TV ad effectiveness. As highlighted

earlier, the ad effectiveness measure was obtained from an

independent sample for 15 of the 20 ads. We first ran independent

linear regression regressing the mean valence and arousal ratings on

the effectiveness score. Results showed that neither the self‐

reported arousal (B = 0.128, SE = 0.275, p = 0.65) nor valence

(B = −0.084, SE = 0.267, p = 0.77) obtained from the current sample

were associated with ad effectiveness. Similarly, we also did not find

a significant relationship between average skin conductance

response and ad effectiveness (B = −0.140, SE = 0.275, p = 0.62).

On the contrary, independent linear regressions showed that

both aggregate frontal alpha asymmetry and inter‐beat interval

measures averaged on the whole ad were marginally significant

predictors of composite ad effectiveness (Table 1). Moreover, when

we included both measures in the same regression, they lead jointly

to a marginally better model fit than each individually based on a

nested model F‐test (F (1,13) = 2.17, p = 0.09). However, due to

multicollinearity between the predictors and the number of observa-

tions, the individual predictors were not significant in the joint model

(see Online Supporting Information S‐V for additional model

comparisons with self‐report measures).

To further evaluate whether these measures played a comple-

mentary role, we investigated the relationship with each of the two

components of the ad effectiveness measure—brand recognition and

purchase intent. Specifically, we explored whether inter‐beat interval

would be a stronger predictor of brand recognition given its

relationship to ad recognition earlier. While inter‐beat interval was

significantly associated with brand recognition (B = 0.498, SE = 0.241,

p = 0.06, R2 = 0.248) and not purchase intention (B = 0.120, SE =

0.241, p = 0.67, R2 = 0.014), frontal alpha asymmetry was associated

with purchase intention (B = 0.461, SE = 0.246, p = 0.08, R2 = 0.213)

but not brand recognition (B = −0.035, SE = 0.277, p = 0.90,

R2 = 0.001). These results highlight the complementary nature of

these measures—frontal alpha asymmetry is linked to the ability of an

ad to drive purchase intent for the advertised product while inter‐

beat interval reflects the ability of the ad to generate new memories

linked with the advertised brand (Figure 4).

4 | DISCUSSION

The aim of this study was to investigate the ability of neuro-

physiological methods (galvanic skin response, heart rate and EEG) to

consistently measure emotional responses to both still and dynamic

stimuli as well as their ability to predict memory encoding and ad

effectiveness. Table 2 briefly summarizes our key findings across all

key measures and stimuli. We found that skin conductance response

was positively associated with arousal across all categories of stimuli

—images, videos, and ads consistent with several previous studies

(Greco et al., 2014; Lole et al., 2012; Silveira et al., 2013). While skin
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TABLE 1 Combining frontal alpha
asymmetry (FAA) and inter‐beat interval
(IBI) lead to a better prediction of ad
effectiveness (R2 = 0.33) than FAA alone
(R2 = 0.21) or inter‐beat interval alone
(R2 = 0.21)

DV: Ad
effectiveness

Model 1 – FAA only Model 2 – IBI only Joint model – FAA & IBI
β (SE) B β (SE) B β (SE) B

Intercept 94.05 0 79.38 0 67.53 0

(17.37)*** (0.24)*** (24.50)*** (0.24)*** (24.80)*** (0.23)***

FAA 1812.6 0.46 – – 1431.8 0.36

(973.02) ^ (0.25) ^ (971.2) (0.25)

IBI – – 2.75 0.45 2.16 0.36

(1.50) ^ (0.25) ^ (1.49) (0.25)

R2 0.21 0.21 0.33

n 15 15 15

Note: The table reports the regressors coefficients estimates and the corresponding standard errors
with significant values (*p < 0.05; **p < 0.01; *** p < 0.001; ^p < 0.10). We report the results of both
standardized (B) and unstandardized (β) regressions to facilitate comparison of effects.

***p < .001.

F IGURE 4 (left) The inter‐beat interval (IBI), averaged on the TV ad, was significantly correlated with brand recognition but not with the
purchase intent component of the effectiveness score. (right) On the contrary, the average frontal alpha asymmetry (FAA) during a TV ad was
significantly correlated with purchase intent but not with brand recognition highlighting the complementary value of these two measures.

TABLE 2 Key neurophysiological
results. Inter‐beat interval (IBI) is
correlated with valence and predicts ad
and brand recognition. Skin conductance
response (SCR) is correlated with arousal
and predicts ad recognition. Frontal alpha
asymmetry (FAA) predicts purchase
intention

Arousal Valence TV Ads Out of Sample
Image Ads Video Image Ads Video Recognition BR PI AE

SCR +** +*** +** +^

IBI +* −*** −*** +** + ^ + ^

FAA + ^ + ^

Note: + indicates positive relationship; − indicates negative relationship.

Abbreviations: AE, ad effectiveness; BR, brand recognition; PI, purchase intent.
^p < 0.1;

*p < 0.05; **p < 0.01; ***p < 0.001.
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conductance response was also marginally predictive of memory, this

effect was potentially mediated by the role of arousal in predicting

memory. Finally, skin conductance response did not predict

emotional valence or ad effectiveness in our studies.

Our findings also highlight that measurements based on heart

rate (inter‐beat interval) consistently predicted valence across both

still and dynamic stimuli. In particular, the negative correlation

between inter‐beat interval and emotional valence indicates that the

more negative the stimulus, the more the heart slows in response to

an emotional stimulus (inter‐beat interval or the time between two

heartbeats becomes larger). These findings are consistent with

previous studies that have shown a larger heart‐rate deceleration

for negative versus neutral or positive stimuli (Abercrombie

et al., 2008; Bradley et al., 2001; Choi et al., 2017). One possible

account for the relation between inter‐beat interval and valence

could be that inter‐beat interval tracks the attention paid to

the stimulus (Abercrombie et al., 2008), and that negative images

are associated with increased attention than positive images.

However, we rule out an attention‐based account by showing that

an independent physiological marker for attention—the late positive

potential (LPP) which is a scalp‐recorded event‐related potential—is

not significantly different between positively and negatively valenced

images (see Online Supporting Information S‐VI for the preliminary

analysis involving the relationship between valence and LPP).

Therefore, the mechanism underlying the relationship between heart

rate and valence seems independent of differences in attention.

We also found that inter‐beat interval predicted memory

responses. The positive correlation between inter‐beat interval and

recognition indicates that the more the heart is slowing in response to

the video, the stronger the frame is encoded and more the chance for

that frame (or an ad) to be subsequently remembered. This is aligned

with results from other research (Abercrombie et al., 2008) which show

that the more the heart slows in response to an image, the greater the

attention paid to the corresponding frame and more the image would

be remembered. Given the relationship between inter‐beat interval and

valence, one might argue that the relationship between inter‐beat

interval and memory encoding is driven by the stimulus valence (i.e., the

more negative the stimulus, the higher the likelihood of the stimulus

being subsequently remembered). However, our analysis revealed that

self‐reported valence for the TV ads did not predict ad recognition,

suggesting that inter‐beat interval may be a predictor of memory

encoding independently of the stimulus valence.

Consistent with prior research (Grissmann et al., 2017; Winkler

et al., 2010), frontal alpha asymmetry in our study did not predict

emotional valence. It is possible that the negative‐valence stimuli

used in the current study did not trigger sufficient avoidance‐related

motivation. Future research with additional categories of negative

emotions like disgust can help further disambiguate the relationship

between frontal alpha asymmetry and emotional valence.

Finally, both inter‐beat interval and frontal alpha asymmetry

were significant predictors of out‐of‐sample TV ad effectiveness.

While our analysis is based on only 15 ads, these results are aligned

with previous studies showing a relationship between inter‐beat

interval or frontal alpha asymmetry and out‐of‐sample stimulus

effectiveness (Baldo et al., 2015). Strikingly, our results demonstrated

that inter‐beat interval and frontal alpha asymmetry predicted ad

effectiveness by tapping into different components of advertise-

ments: while inter‐beat interval was positively associated with the

ability of an ad to create lasting memories about the advertised

brand, frontal alpha asymmetry predicted the ability of an ad to

influence purchase intent. The complementary nature of these

measures resulted in a better prediction of ad effectiveness when

they were leveraged together in the same model. We believe this

finding is most relevant to marketing practitioners seeking to obtain

better out‐of‐sample predictions of specific marketing outcomes

(increasing recognition vs. increasing purchase intentions) in response

to advertisements.

Our work also provides important insights into theories of

advertising. “Hierarchy of effects” models like the AIDA (attention,

interest, desire, action) model have been the backbone of advertising

research for the past few decades (Barry & Howard, 1990; Strong,

1925). However, recent extensions move beyond simple purchase

funnel dynamics and emphasize how core constructs of attention,

emotions, memory, and desirability influence advertising success

both independently as well as concurrently (Haley & Baldinger, 2000;

Walker & Dubitsky, 1994). Our findings demonstrate further how

distinct neurophysiological measures are able to differentially

measure these constructs. Critically, we also demonstrate that frontal

alpha asymmetry and inter‐beat interval play a complementary role in

predicting purchase intent and brand recognition, which are two

important dimensions of ad effectiveness (Lavidge & Steiner, 1961)

and are recognized within the five primary communication effects for

advertising (Rossiter & Percy, 1987). Therefore, by aligning these

measures with traditional theories and empirical models of advertis-

ing, we can identify more effective means of evaluating advertising

effectiveness and provide clear neurophysiological evidence of the

multi‐dimensional nature of ad effectiveness in theory and practice.

Our study has several limitations. While advertising effectiveness

can be a complex multi‐dimensional construct, our measure focuses

primarily on only two important dimensions—brand recognition and

purchase intent. However, this measure has been independently

validated over the past two decades across several client projects

using marketing mix models produced by third‐party research agencies

like Nielsen, IRI, and Analytic Partners. Additionally, we acknowledge

that 15 ads may be too little to make generalizable claims about the

role of these methods in predicting advertising effectiveness and future

studies must replicate these findings with a larger sample of ads. Our

confidence in the findings still stem from the dissociable relationship

between inter‐beat interval and frontal alpha asymmetry for brand

recognition and purchase intent components respectively, despite the

small number of ads. The relationship between inter‐beat interval and

brand recognition is also consistent with the relationship between

inter‐beat interval and recognition memory for TV ads within the same

sample. Nonetheless, future studies should seek to extend these

findings using a larger sample of ads and alternative measures of ad

effectiveness, like ad elasticity and sales lift.
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Our EEG analyses were restricted in scope to frontal alpha

asymmetry in this study. However, there are several other dimen-

sions and frequencies along which the EEG data can be analyzed. For

example, activity in the theta waves has been shown to be related to

memory, alpha at mid frontal electrodes indicates neural arousal

(Eijlers et al., 2020), and several measures like alpha, theta, and

gamma oscillations as well as neural similarity of alpha in response to

movie trailers have been shown to predict commercial success of

movies (Barnett & Cerf, 2017; Boksem & Smidts, 2015; Dmochowski

et al., 2014). While we began with the hypothesized relevance of

frontal alpha asymmetry from the market research literature,

extending to other EEG measures would require larger sample sizes

and statistical power and the use of corrections for multiple

comparisons (See Online Supporting Information S‐VIII for additional

exploratory EEG analyses). Additionally, the focus of our study was

mainly on testing the consistency of findings across stimulus

categories and not delving deeply into one category like TV ads or

emotional images. However, we do believe that future studies should

build on our design with a larger set of stimuli and participants, where

the whole‐brain data could be subjected to multivariate pattern

analysis to explore deeper relationships between valence, arousal,

memory, and ad effectiveness. These studies can also explicitly

dissociate the relationship between inter‐beat interval, attention,

memory, and emotional valence. Specifically, the use of additional

tools like eye tracking and fMRI can provide valuable insights into the

factors that drive changes in heart rate and their downstream effects

on memory and valence.

Finally, we also took care to identify stimuli that spanned the

valence and arousal dimensions across categories. However, future

studies could extend this and include more natural and less extreme

mixed‐emotion stimuli, and explore additional categories within

negative valence that differ in the approach‐avoidance motivation

to further clarify the relationship between frontal alpha asymmetry

and emotional valence.

5 | CONCLUSION

In this article, we explicate how concurrent measurements of three of

the most widely used neurophysiological methods—heart rate, EEG,

and galvanic skin response—predict complementary psychological

and marketing outcomes across various stimulus types. In doing so,

we clarify how these methods can be unified across stimulus types to

distinctly measure ad and brand recognition, and purchase intention.

Our work directly helps marketing practitioners understand how

these heart rate, EEG, and galvanic skin response measures can be

efficiently used in isolation and in tandem to inform their marketing

efforts.
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