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Abstract How to evaluate the effect of commercials is

significantly important in neuromarketing. In this paper, we

proposed an electronic way to evaluate the influence of

video commercials on consumers by impression index. The

impression index combines both the memorization and

attention index during consumers observing video com-

mercials by tracking the EEG activity. It extracts features

from scalp EEG to evaluate the effectiveness of video

commercials in terms of time–frequency-space domain.

And, the general global field power was used as an

impression index for evaluation of video commercial

scenes as time series. Results of experiment demonstrate

that the proposed approach is able to track variations of the

cerebral activity related to cognitive task such as observing

video commercials, and help to judge whether the scene in

video commercials is impressive or not by EEG signals.

Keywords Video commercials � Impression index � EEG

signal � Neuromarketing � General global field power

Introduction

There are many ways to promote a company’s product and

brand, for example, by video, radio and newspaper. How-

ever, as the technology of internet and wireless commu-

nication developing, video commercials appear not only in

traditional TV but in the newest media such as mobile TV,

web and cell phone. They widely affect the behavior of

consumers. However, how to evaluate the effect of video

commercial on consumers in detail is a big challenge. For

decades, marketing research methods have aimed to

explain and predict the effectiveness of video commercials.

The traditional way is depending on consumers’ willing-

ness and competency to describe how they feel when they

are exposed to the advertisement either in a confidential

setting such as a face-to-face interview, or in a group set-

ting such as a focus group. The fact that this traditional

method may hide or overestimate the real strength of the

commercial is more and more convinced by the marketing

community (Plassmann et al. 2012).

Neuromarketing is an novel application of neuroscience

to consumer psychology, especially for advertising, has

received considerable attention both in academic research

and business practice recently (Walter et al. 2007). It is a

methodology based on measuring brain waves activity and

also combining clinical psychology to develop insights into

how people respond to products, brands and advertisements

(Lee et al. 2007). It would soon significantly enrich mar-

keting research portfolio and help marketers to go beyond

verbal declarations of their consumers.

Neuromarketing usually use two medical technologies-

fMRI and EEG to study the brain’s response to marketing

stimuli (Plassmann et al. 2010; Lee et al. 2007). Yoon et al.

used fMRI to discover that brain areas involved in making

judgments about human traits for people didn’t overlap
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with brain areas involved in making judgments about human

traits for brands (Yoon et al. 2006). Klucharev et al. sug-

gested that increased brand recall for expert endorsement

was related to stronger activation during encoding of

memory structures of the left hemisphere, the dlPFC and

medial temporal lobe structures, and it usually accompanied

by stronger engagement of the bilateral striatum (Klucharev

et al. 2008). Ohme’s study yielded a conclusion that frontal

asymmetry measure may be a diagnostic tool in examining

the potential of advertisements to generate approaches

related tendencies (Ohme et al. 2010). Concerning EEG,

researchers focused on estimation of cortical cerebral

activity during the subject observing TV commercials.

Astolfi et al. studied memorization status during observing

TV commercials by tracking the cortical activity and the

functional connectivity changes in normal subjects with high

resolution EEG (Astolfi et al. 2008). Fallani et al. evaluated

the characteristics of brain functional network during the

successful memory encoding of TV commercials by calcu-

lating the global-efficiency (Eg) and local-efficiency (El)

(Fallani et al. 2008). Vecchiato et al. noted that temporal and

frequency patterns of EEG signals could convey information

about the cognitive and emotional processes in subjects

observing TV commercials (Vecchiato et al. 2011a).

It has been proved that EEG oscillations in the theta

band reflect memory performance (Colliaux et al. 2009).

Furthermore, power synchronization in theta band and

power desynchronization in alpha band are related to epi-

sodic memory and attention respectively (Summerfield and

Mangels 2005; Klimesch 1999). So we can believe that the

investigation of signals’ power distribution in these two

bands will tell the difference between the video scenes that

were impressive to the consumers or not. There are two

popular ways to calculate the power in particular band. One

is power spectral density (PSD) and the other is global field

power (GFP) (Hamburger and Burgt 1991). Each method

has its pros and cons. Though the PSD method has a high

spatial resolution, its time resolution is relative poor.

Despite the GFP method has a good representation in both

time and spatial resolution, but without considering the fact

that different brain areas have different influences in the

corresponding cognitive task. In this paper, we proposed an

index to evaluate impressive scenes in video commercials

for subjects. Impressive scenes are scenes that the subject

can tell after observing video commercials without any

thinking. They are always corresponding to the duration

which the subject is in the state of both high attention and

good memorization. Besides, We considered the different

weight for each channel on the performance of memori-

zation and attention (Kong et al. 2012). Hence, we pro-

posed General global field power (G2FP) to reflect the

impression index which is weighted-GFP(w-GFP) in theta

band subtracting w-GFP in alpha band.

Materials and methods

Experimental design

EEG signals were recorded from 20 voluntary and healthy

subjects (10 males and 10 females, age 22 * 25 years).

They had no personal history of neurological or psychiatric

disorder and they were free from medications, alcohol and

drugs abuse. For the EEG data acquisition, subjects were

comfortably seated on a reclining chair in a quiet room and

asked to pay attention to what they watched without being

aware of the aim of the experiment. When the EEG signals

begin to record, the subject is firstly asked to stare at the

point on the screen for 2 min. After that, they would be

exposed to the observation of a neutral documentary about

nebula for 8 min. In the middle of the documentary, 6

video commercials about 30 s for each are inserted. And

these 6 commercials are 3 standard international brands

namely Nick, CK and Apple, each has two different

advertisements, one is broadcasted in China, and the other

is in Italy (Each one is mainly with pictures, music and

little words). Make sure that none of the advertisements has

been watched by all subjects.

We collected the EEG data by a 16-channel system with

the g.USBamp amplifier (g.Tec medical engineering

GmbH) at a sampling rate of 256 Hz while the impedances

kept below 5 kX. The electrode cap we used was built

according to the 10–20 international system. 16 electrodes

are: FPz, Fz, Cz, Pz, Oz, AF3, Af4, F3, F4, T7, C3, C4, T8,

P3, P4 and EKG. The EKG electrode is placed in the pulse

position on left wrist to record the EKG data. Right ear was

used as reference.

After EEG signals recording, subjects were told to do an

interview immediately. During the questionnaire, the

interviewer would ask subjects questions according to the

protocol steps. Firstly, subjects were asked which adver-

tisements they can remember briefly. Then they were

requested to describe plots of advertisement in detail what

was remembered. Meanwhile, the interviewer should write

down every detail that subjects said. Each advertisement

has a length of 30 s, for each second, we captured one

segmentation and listed on a paper. If the scene is similar

for the continuous several seconds, these segmentations are

classified as one group. Take the scene segmentation for

Nike in Fig. 1 as an example. According to what the sub-

ject described, the interviewer should pick out consistent

scenes on the list paper. It helps to ascertain the corre-

sponding segmentation of EEG series for analyzing.

EEG signal pre-processing

Firstly, the EEG data related to commercial video scenes

has been extracted and segmented with a length of 1 s. And
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the EEG data was spatial filtered by common average

referencing (CAR). Then, the EEG signal were band pass

filtered to 2–47 Hz, and independent component analysis

(ICA) was applied to detect and remove eye blinks in

signals. Finally, the PSD for each channel can be com-

puted. In this paper, we have 20 subjects and the Individual

Alpha Frequency (IAF) (Klimesch 1999) varies from one

to another. So it is necessary to precisely calculate IAF for

each subject to define the alpha band and theta band.

For the IAF, there are basically two methods to confirm.

The first is that find the peak frequency of spectral com-

ponent within 7.5–12.5 Hz (the traditional alpha frequency

range). The second one is a gravity style. When there are

multiple peaks in the alpha range, the second appears to be

more adequate and easier than the first for IAF estimating.

General global field power (G2FP) and impression

index

Global field power (GFP) in neuromarketing (Vecchiato

et al. 2011b) is used to quantify the amount of activity, and

it is computed as the mean of all absolute potential dif-

ferences in the field corresponding to the spatial standard

deviation. However, it is not reasonable to compute the

evaluating index using the same weight for different elec-

trodes. In this paper, we assign different weights for dif-

ferent electrodes. The weight of each EEG channel was

defined as following:

wðiÞ ¼
Pf2

f¼f1
Piðf Þ

PN
i¼1

Pf2
f¼f1

Piðf Þ
ð1Þ

where N denotes the number of channels and Pi(f) denotes

the PSD of the i-th channel at frequency f. There are two

weights w1(i) and w2(i) to be calculated. w1(i) is for

memorization, so [f1, f2] is theta band [(IAF-6,IAF-4)]. And

w2(i) is related to attention, so the corresponding [f1, f2] is

alpha band [(IAF-4,IAF ? 2)].

As mentioned before, the memory processing perfor-

mance increases in theta band power and attention processing

performance decreases in alpha band power. Impression is

corresponding to the duration which the subject is in the

status of both high attention and good memorization. To

calculate the impression index, we should consider both the

memorization and attention of subjects together. So the

impression index should be the following style:

IðtÞ ¼ MðtÞ � gAðtÞ ð2Þ

where I(t), M(t) and A(t) are impression, memorization and

attention index respectively, and g is a regulatory factor.

In this paper, specifically, the impression index is G2FP.

Hence, according to Eq. (2), G2FP was computed by the

following equation:

G2FPðtÞ ¼
XN

i

w1ðiÞðxh
i ðtÞÞ

2 � g
XN

i

w2ðiÞðxa
i ðtÞÞ

2 ð3Þ

xh
i ðtÞ denotes the EEG data of channel i at time t and the

data has been filtered to theta band. Similarly, xa
i ðtÞ denotes

the data which has been filtered to alpha band.

Finally, the impression index will be checked with the

result of interview sheets. The outline of the proposed

method is shown as in Fig. 1.

Fig. 1 The flow chart of the proposed method
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Experiment results

Individual experiment

In order to compare the performance of different methods,

we introduce a recall match ratio R to represent the capa-

bility for the proposed index. Specifically,

R ¼ Ncaa=Nctr
ð4Þ

where Ncaa is the number of remembered scenes in video

commercials whose index value is above the average of

evaluating index, and Nctr is the total number of scenes

remembered by the subject.

Totally 20 subjects are involved in the experiment,

however, 3 of them didn’t remember any plots of adver-

tisements. Hence, we have 17 valid EEG data recordings

with subjects exposed to the same video commercials. We

vary the regulatory factor g from 0.1 to 2.4. Following the

principle of maximizing the recall match ratio and mini-

mizing the standard deviation, we select 2.0 as the value of

g for the impression index in our experiments.

Figure 2 shows a histogram of match ratio for 17 valid

subjects. From the Fig. 2, it’s obvious that the match ratio

of GFP and w-GFP is more or less the same, and the G2FP

method is much higher than the other two methods. It

demonstrates that G2FP can reflect impression better than

GFP and w-GFP.

Population experiment

In order to obtain a description of the phenomena for the

entire population investigated, the G2FP should be nor-

malized to eliminate the individual differences by the fol-

lowing formula.

G2FPnorm ¼
PN

i w1ðiÞðxh
i ðtÞÞ

2 � g
PN

i w2ðiÞðxa
i ðtÞÞ

2

PM

t

PN

i

w1ðiÞðxh
i ðtÞÞ

2 � g
PN

i w2ðiÞðxa
i ðtÞÞ

2

� �

ð5Þ

where M denotes the number of temporal samples of the

waveform x2
i ðtÞ. For the sake of extracting a common

feature from the entire population investigated, all seg-

ments have been finally averaged in 17 subjects.

In Fig. 3, we show the time-varying changes of the

average of normalized G2FP during 17 subjects observing

video commercial of Nike shoes. And the red line in the

figure is the average of curve as baseline. Contrast this

figure with the subjects’ questionnaire sheets, we can

basically find two significant conclusions. (1) G2FPnorm

waveform can reflect the population impression index

during the observation, for scenes with large value of

G2FPnorm were remembered by more subjects than scenes

with small value of G2FPnorm. According to the interview

sheet, we find that scenes around the peak of G2FPnorm are

almost remenbered by about 10 subjects, while scenes

around the trough of G2FPnorm are remembered by no more

than 5 subjects, and even some only remembered by one.

Fig. 2 The result of the match ratio for 17 subjects on 3 different

methods
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Fig. 3 Representation of the

averaged and smoothed

normalized impression index

(G2FPnorm) for 17 subjects

during the observation of the

video commercial about Nike

shoes
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The most impressive segments according to the question-

naire mentioned by 13 subjects happened around 10–11 s

in which the man stood in a room where everything around

him is floating in the air. (2) Some interesting and peculiar

scence can impress the viewers. There are peaks around 8,

10 and 26 s, the corresponding scenes show interesting or

magical. The first one shows a glass of water floating in the

air. And in the second scence, many billiards are floating in

the air. The last one shows the close-up about a man

wearing the shoe in black background with sharp contrast.

Conclusion and discussion

In this paper, we proposed a new index called as impres-

sion index to evaluate video commercials. The impression

index combines both memorization and attention index

during the observation of video commercials by tracking

the cortical activity. It is different form classical methods

to average the GFP of all the channels, the weight of each

channel was employed to caculate the time-varying power

in theta and alpha band in consideration of the activity of

diverse brain areas will be different during certain cogni-

tive task. The results of experiment both from individuals

and populations demonstrate the proposed method can

reflect the subject’s impression and can help to estimate the

video commercial scenes to some extend. However, it still

remains challenges in EEG-based neuromarkeing. For

GFP-based methods have the constraints of rhythms, so it

is hard to set a threshold to evaluate the commercials

directly. And people should investigate new features to

represent impression to overcome the shortage of rhythms

for EEG signals. Furthermore, better interview protocol

should also be considered to valid the EEG index for

commercial evaluation more precisely.

Acknowledgments This work was supported by National Natural

Science Foundation of China (No. 61102028 and No. 61100102), and

International Cooperation Project of Zhejiang Province (China and

Italy), China (No.2011C14017).

References

Ariely D, Berns GS (2010) Neuromarketing: the hope and hype of

neuroimaging in business. Nat Rev Neurosci 11(4):284–292

Astolfi L, Fallani F, Clincotti F (2008) Neural basis for brain

responses to video commercials: a high-resolution EEG study.

IEEE Trans Neural Syst Rehabil Eng 16(6):522–531

Colliaux D, Molter C, Yamaguchi Y (2009) Working memory

dynamics and spontaneous activity in a flip-flop oscillations

network model with a Milnor attractor. Cogn Neurodyn

3(2):141–151

Fallani F, Astolfi L, Cincotti F, Mattia D, Marciani MG, Gao S,

Salinari S, Soranzo R, Colosimo A, Babiloni F (2008) Structure

of the cortical networks during successful memory encoding.

Clin Neurophysiol 119(10):2231–2237

Hamburger HL, Burgt M (1991) Global field power measurement

versus classical method in the determination of the latency of

evoked potential components. Brain Topogr 3(3):391–396

Klimesch W (1999) EEG alpha and theta oscillations reflect cognitive

and memory performance: a review and analysis. Brain Res Rev

29:169–195

Klucharev V, Smidts A, Fernandez G (2008) Brain mechanisms of

persuasion: how : ‘‘expert power’’ modulates memory and

attitudes. Soc Cogn Affect Neurosci 3(4):353–366

Kong W., Zhao X., Hu S., Zhang J., Dai G., Vecchiato G., Babiloni

F.(2012) The study of memorization index based on W-GFP

during the observation of video commercials, Systems and

Informatics (ICSAI), 2012 International Conference on, Yantai,

China. 2198–2202

Lee NJ, Broderick AJ, Chamberlain L (2007) What is ‘neuromarket-

ing’? a discussion and agenda for future research. Int J

psychophysiol 63(2):199–204

Ohme R, Reykowska D, Wiener D (2010) Application of frontal EEG

asymmetry to advertising research. J Econ Psychol 31:785–793

Plassmann H, O’Doherty JP, Rangel A (2010) Appetitive and aversive

goal values are encoded in the medial or bitofrontal cortex at the

time of decision making. J Neurosci 30(32):10799–10808

Plassmann H, Ramsøy TZ, Milosavljevic M (2012) Branding the

brain—a critical review and outlook. J Consum Psychol 22:18–36

Summerfield C, Mangels JA (2005) Coherent theta-band EEG activity

predicts item-context binding during encoding. Neuroimage

24(3):692–703

Vecchiato G, Toppi J, Astolfi L (2011a) Spectral EEG frontal

asymmetries correlate with the experienced pleasantness of

video commercial advertisements. Med Biol Eng Comput

49:579–583

Vecchiato G, Babiloni F, Astolfi L, Toppi J, Cherubino P, Dai G,

Kong W, Wei D (2011b) Enhance of theta EEG spectral activity

related to the memorization of commercial advertisings in

Chinese and Italian subjects, 4th International Conference on

Biomedical Engineering and Informatics (BMEI). Shanghai,

China, pp 1491–1494

Walter H, Abler B, Ciaramidaro A (2007) Motivating forces of

human actions Neuroimaging reward and social interaction.

Brain Res Bull 67:368–381

Yoon C, Gutchess AH, Feinberg F, Polk TA (2006) A functional

magnetic resonance imaging study of neural dissociations

between brand and person judgments. J Consum Res 33(1):31–40

Cogn Neurodyn (2013) 7:531–535 535

123


	Electronic evaluation for video commercials by impression index
	Abstract
	Introduction
	Materials and methods
	Experimental design
	EEG signal pre-processing
	General global field power (G2FP) and impression index

	Experiment results
	Individual experiment
	Population experiment

	Conclusion and discussion
	Acknowledgments
	References


