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Abstract. High-resolution EEG technology has been developed to enhance the poor spatial 

information content of the EEG activity. Nowadays, such technology has started to be applied to study 
brain activity related to situations close to the real life of the subjects. One of these applications is the 
study of the brain activity during the observation of TV clips related to commercials advertisements. In 
particular, the present work intends to evaluate the functional characteristics of the cerebral network 
during the successful memory encoding of TV commercials. We estimated the functional networks in 
the frequency domain from a set of high-resolution EEG data. High resolution EEG recordings were 
performed in a group of healthy subjects and the cortical activity during the observation of TV 
commercials was evaluated in several regions of interest coincident with the Brodmann areas (BAs).  
Results suggest that the cerebral processes involved during the observation of TV commercials that 
were remembered successively by the population examined (RMB dataset) are generated by the 
posterior parietal cortices and the prefrontal areas. Such results are compatible with previously results 
obtained from EEG recordings with superficial electrodes as well as with the brain activations 
observed with the use of MEG and fMRI devices. 
K eywords: High Resolution EEG, TV commercials, Memory functions 

1. Introduction 
High-resolution EEG technology has been developed to enhance the poor spatial information 

content of the EEG activity [Nunez 1995]. Nowadays, such technology has started to be applied to 
study brain activity related to situations close to the real life of the subjects. One of these applications 
is the study of the brain activity during the observation of TV clips related to commercials 
advertisements.  

In recent years, the engagement of the customer with the brand or the company advertised has 
become the dominant issue in the agenda of marketers and advertisers [Cappo, 2005]. Although in the 
marketing research the term engagement is a complex concept and rather elusive, it is widely 
recognized that advertising engagement refers to the ability of the message to go beyond the simple 
exposure and to trigger in the consumer mind a progression of responses towards the brand advertised 
leading to a shift of awareness, interest, favourability, preference, purchase and re-purchase. With a 
new advertising, marketers need to be reassured that the campaign will work before having aired and 
that their budget will not be wasted. So they largely rely on advertising pre-testing in order to allow 
them to decide whether airing or not the campaign. Advertising pre-testing industry is a field of market 
research based on the analysis of feedback to the submitted adv copy gathered from a small sample of 
the target audience, namely the focus group, to which asking the likeability, emotional involvement, 
persuasion, favourability and intention to purchase. Typically, the size of such sample varies from 10 
to 20 subjects. 

The aim of this paper is to elucidate if the memorization of TV commercials elicits particular brain 
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activity in a group of normal subjects. Several Authors have investigated in the last decades the 
capability of subjects to memorize and retrieve sensible “commercials” information viewed from a TV 
screen [Krugman, 1971; Ioannides et al., 2000; Ambler and Burne, 1999; Rotschild and Hyun, 1989; 
Rossiter et al., 2001; Young et al., 2002]. It is worth of note that in the past several studies used the 
electroencephalogram (EEG) as brain imaging tool for the analysis of the brain activity during the 
observation of TV commercials. However, at that time the EEG limitations in spatial resolution due to 
an insufficient number of electrodes used as well as to the limited processing capabilities were 
responsible for a series of inconclusive and fragmented observations of these phenomena. Nowadays, 
this is not the case since it is well know that high resolution EEG allows to detect brain activities with 
a spatial resolution of a squared centimeter and the unsurpassed time resolution of milliseconds [Nunez, 
1995; Bai et al., 2007; He et al., 1999; He et al., 2006; Babiloni et al., 2005]. 

In the present study we studied the cortical activity occurring during the observation of TV 
commercials by using high resolution EEG recordings. In particular, subjects were asked to observe for 
five days (once per day) different documentaries with a series of TV commercials included while their 
EEG activity was recorded. After the 10 days from the experiment an interview was performed and the 
subjects indicated which TV commercials they remembered and which they do not remember.  

The experimental question at the base of the present study was the following: in the population 
analyzed, the cortical activity elicited during the observation of the TV commercials that were 
forgotten (“EEG data of the forgotten TV commercials”; FRG) is different from the cortical activity 
observed in subjects that have remembered the same TV commercials (“EEG data of the remembered 
TV commercials”; RMB)? 

2. Material and Methods 

2.1. Experimental design 
EEG signals were recorded from ten subjects (mean age 30±4 years) exposed to the observation of 

a different documentary of 30 minutes for five consecutive days. Intermingled with each documentary, 
three interruptions have been generated, after 6 minutes, in the middle of the documentary and 6 
minutes before the end of the documentary. Each interruption was composed by six video TV 
commercials (clips) of about 30 seconds. Then, a total of eighteen clips were showed during the whole 
documentary. The clips are relative to standard international brands of commercial products, like cars, 
food, etc. and noprofit associations (such as FAO, Greenpeace etc). All the spots were never 
broadcasted in the country in which the experiment was performed, in order to remove previous 
unchecked exposition of the subjects to the proposed material. Also each day of the experiment the 
documentary was changed, as well as the order of the presentation of the commercial spots within the 
documentary, in a random order. The documentaries were also new to the subjects. The 18 video clips 
presented along all these five days remained unchanged.  

Subjects are not aware during the observation of the documentaries and the relative TV commercials 
within, that an interview will be occurred after 10 days. They were simply asked to pay attention to the 
documentaries along the five days while no mention about the importance of the clips was made. After 
a period of ten days, the subjects were recalled in the laboratory and an interview was generated. In 
such interview, the subjects were asked to recall spontaneously which clips they remembered. 
According to such information, their high resolution EEG data during the observation of the TV spots 
were then separated in two different pools. The first pool is related to the EEG activity collected during 
the vision of the commercial clips that the subjects have correctly remembered, and this data set was 
named RMB. The second pool is related to the EEG activity collected during the observation of the TV 
commercials that have been forgotten by the subjects, named FRG dataset. In addition, the EEG 
activity during the observation of the documentary was also analyzed, and a third pool of EEG data 
related to this state was generated with the name REST. Separate analysis of that EEG data set (FRG, 
RMB, REST) were then generated and contrasted by using the techniques described below. The idea is 
to contrast the cortical activity during the vision of the TV commercials that were remembered by the 
subject (RMB) with the cortical activity estimated during the observation of the TV commercials that 
were forgotten by the subjects (FRG).  
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2.2. High Resolution EEG recordings 
A 64-channel system with a frequency sampling of 200 Hz (BrainAmp, Brainproducts GmbH, 

Germany) was used to record the EEG electrical potentials by means of an electrode cap. High-
resolution EEG technologies have been developed to enhance the poor spatial information content of 
the EEG activity [He et al., 1999; Babiloni et al., 2005]. In this work, cortical activity from EEG 
recordings was estimated by using a realistic head model whose cortical surface consisted of about 
5,000 dipoles uniformly disposed.  

2.3. The estimation of cortical activity 
The solution of the following linear system: 
Ax  = b + n (1) 
provides an estimation of the dipole source configuration x that generates the measured EEG 

potential distribution b. The system includes also the measurement noise n, assumed to be normally 
distributed [Nunez, 1995; Grave de Peralta and Gonzalez Andino, 1999]. A is the lead field matrix, 
where each j-th column describes the potential distribution generated on the scalp electrodes by the j-th 
unitary dipole. The current density solution vector ξ  of Eq. 1 was obtained as [Grave de Peralta and 
Gonzalez Andino, 1999]: 

 

( )222minarg
NM

A xbx
x

λξ +−=  (2) 

 
where M, N are the matrices associated to the metrics of the data and of the source space, 

respectively, λ is the regularization parameter  and || x ||M represents the M norm of the vector x.  The 
solution of Eq. (2) is given by the inverse operator G: 
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An optimal regularization of this linear system was obtained by the L-curve approach [He et al., 

2006]. As a metric in the data space we used the identity matrix, while as a norm in the source space 
we use the following metric: 

 

( ) 21 −
⋅

− = iii AN  (4) 

 
where (N-1)ii is the i-th element of the inverse of the diagonal matrix N and all the other matrix 

elements Nij are set to 0.  The L2 norm of the i-th column of the lead field matrix A is denoted by ||A.i||.   
 

Using the relations described above, an estimate of the signed magnitude of the dipolar moment for 
each cortical dipoles was obtained for each time point. As the orientation of the dipole was defined to 
be perpendicular to the local cortical surface in the head model, the estimation process returned a scalar 
rather than a vector field. On these cortical waveforms it is possible to compute the z-score estimator, 
accordingly to the equations described previously [Dale et al., 2000; Babiloni et al, 2005] and already 
known as Dynamic Statistical Parametric Mapping. The cortical z-score waveforms obtained for each 
subject were related to the contrast between the REST condition and the FRG or the RMB conditions. 
In addition, standard spectral analysis could be performed also on the time domain cortical waveforms 
related to the current dipole strength, and a spectral estimate for each cortical dipole was obtained 
during the different time period of interest. 

The statistical significance of the spectral values during the observation of the TV commercials that 
were remembered (RMB) or forgotten (FRG) is first measured against the REST condition (i.e. the 
vision of the documentary) in each subject by computing a z-score variable. In addition, it was also 
computed for each subject a z-score variable related to the comparisons between the RMB and FRG 
data set.
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2.4. Population Data Analysis 
In order to present the results of the z-score contrasts between experimental conditions relative to 

analyzed population (i.e RMB vs REST, FRG vs REST, RMB vs FRG) we need to generate a common 
source space for every subject by using the Tailarach transformation. In this way all the statistical 
activated areas of each subject were mapped on a common cortical representation through such 
transformation. For display purposes we represent the results obtained on the average brain model, 
available from McGill University Web site. In particular, the average brain model was used to display 
the cortical areas that are statistically significantly activated during the different experimental 
conditions in all the subjects analyzed. Then, a voxel of the average brain model was highlighted in 
yellow if it was a cortical site in which a statistical significant variation of the spectral power between 
the experimental conditions was found in all the subjects. Furthermore, we depicted such brain voxel 
in red if such voxel was statistically significant in all but one of the subjects analyzed (N-1). In all the 
other cases the voxel was not highlighted and was not considered for the group analysis, being 
represented with a gray color.  In the case of the statistical analysis in time domain, the z-score 
variables were computed for each current dipole employed in the cortical model, by contrasting the 
actual magnitude of such dipole during the observation of the TV commercials with the average level 
(and the standard deviation) of the dipole magnitude during the observation of the documentary. 
Statistical significant results were displayed on the brain average brain if they are over the 5% 
significance level Bonferroni – corrected for multiple comparisons. 

3. Results 
Figure 1 presents the results of the statistical comparisons between the RMB and the FRG dataset 

in the Theta frequency band (4-7 Hz). The data for the alpha frequency band (8-12 Hz) were 
equivalent to the theta band showed. In particular, the figure presents the average brain shown for the 
data visualization in the frontal view (panel A), as well as on right (panel B) and left (panel C) views. 
Such images are relative to the contrast between RMB and FRG populations during the observation of 
the TV commercials. 

 
 

 
Fig. 1 Results of the statistical comparisons between the RMB and the FRG dataset in the Theta frequency band, 
In particular, the figure presents three visualizations of the average brain for the two analyzed populations: in the 
panel A) the brain is seen from the frontal part, in the panel B) the brain is seen from the right perspective while in 
panel C) the brain is seen from the left perspective. The red areas are the portions of the brain in which statistically 
significant activity is elicited between the RMB and the FRG population, being the activity in the RMB condition 
greater than the activity in FRG condition. Grey areas belong to the cerebral zones that showed no statistical 
differences across the two examined populations during the visualization of the TV commercials. 
 

 It is possible to observe that very restricted cortical areas generate statistically significant 
differences in all and all but one subject. In particular, areas of statistically significant differences can 
be observed on the prefrontal right areas, mainly including Brodmann areas (BAs) 8 and 9 and on the 
right and left parietal areas. Such differences are more evident in the theta band than in the alpha band 
(not showed here). These images suggest a prevalence of the power spectral activity in the prefrontal 
and parietal cortical areas during the RMB condition when compared to the FRG condition.  
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The analysis of the temporal evolution of the brain activity has been performed by computing the 
z-score of each waveform associated with the magnitude of the current equivalent dipoles employed in 
the solution of the inverse problem as described in the method section. In the Figure 2, the evolution of 
the brain activity in the two analyzed population of FRG and RMB subjects is presented in two 
successive time instants of the presented commercial clip. 
 

 

 
Fig. 2 Results of the statistical comparisons between the RMB and the FRG dataset in the time domain. The 
statistical significant activity in the FRG population is shown in the panel A and B for two successive time frame 
of the TV commercial viewed. The brain activity in the RMB dataset is shown in the panel C and D. (panels C and 
D).  Each panel (A, B, C and D) presents four views of the brain organized in two rows (upper row, front e left 
perspective; lower row: rear view and right brain perspective), with associate a frame of the TV commercial 
viewed by the subjects.  
 
 
Panels A and B are relative to the statistical activity in the FRG population for two successive time 
frame of the commercial video viewed. Panels C and D are related to the brain activity in the RMB 
population. In particular, in each panel (A, B, C, and D) four views of the brain are presented. Such 
views are organized in two rows (upper row, front e left brain perspective; lower row: rear view and 
right brain perspective), together with a frame of the TV commercial viewed by the subjects. As in the 
previous figure, the statistical differences between the brain activities during the observation of the 
proposed frame when compared to the observation of the previous documentary are represented in 
color (after Bonferroni correction). The grey zones are relative to the cortical areas that show no 
statistical significant differences in brain activity between the observation of the documentary and the 
observation of the TV commercial.  
Figure 3 presents the differences in brain activities between the two groups (FRG and RMB) during 
the observation of the same commercial of Fig.2, with the same conventions used there. 
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Fig. 3 Results of the statistical comparisons between the RMB and the FRG dataset in the time domain for three 
successive frames of the same commercial presented in Fig. 2. Same conventions of Fig.2 are used to illustrate the 
statistical significant brain activity for the FRG group (panels A, B and C) and the brain activity of group RMB 
(panels C, D, and E).  

 
It is interesting to note that from the observation of figures 2 and 3 the RMB population shows a 

major statistical significant engage when compared to the brain activity elicited by the FRG population. 
Larger statistical cortical areas are present in the anterior cingulated cortex in the RMB population 
when compared to the FRG one. Statistical significant brain activity in prefrontal and parietal areas 
appear to be similar to those already evidenced in theta and alpha bands although in this case the EEG 
data are relative to the time rather than the frequency domain.   

4. Discussion 
 
4.1 Methodological issues  

In the present study it has been used a population size often used in the marketing analysis during a 
focus group study. It may be argued if such population size could be sufficiently large to appropriately 
describe the differences of the cortical activity between the RMB and FRG groups analyzed.  It is 
worth of note that a possible lack of statistical power of the analysis here performed (due to an 
insufficient number of subjects) would lead to miss significant differences between the two groups 
when such differences are instead present. On the contrary, the observed statistical differences in 
cortical activity between the two groups cannot be due to the lack of statistical power of the employed 
z-score analysis. Such differences are then a genuine product of the experimental design employed. Of 
course, a larger data sample could allow us to observe more subtle differences between the two classes 
of subjects (FRG and RMB). In this respect the methodology presented could be applied directly to a 
larger data sample than those employed here. It is worth of note that in the applied methodology the 
inter-individual differences observed in the population analyzed were appropriately taken into account 
by using the z-score transformation of the values estimated in both time and frequency domains. In fact, 
with the z-score approach the data were “normalized”, i.e centered with respect to their average value 
and scaled with respect to their standard deviation during the documentary observation.   
 
4.2 Experimental issues 

The main results of the present study suggest that in the analyzed population, the cortical activity 
elicited during the observation of the TV commercials that were forgotten (FRG) is different from the 
cortical activity observed in subjects that have remembered the same TV commercials (RMB). In fact, 
the principal areas of statistical differences in power spectra between such conditions are located 
almost bilaterally in the prefrontal BAs 8, 9 as well as in the parietal BAs 7. The spectral amplitude in 
the RMB condition was always higher than the power spectra in the FRG conditions over the BAs 8, 9 
and 7. We also noted as the differences in the cortical power spectra between the RMB and FRG 
conditions are relatively insensitive to the particular frequency bands considered, in both theta and 
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alpha frequency bands. In literature, these EEG bands have been suggested to be maximally responsive 
during memorization tasks when compared to the beta and gamma bands (see a review in Klimesch et 
al., 2006) 

The observed phenomena suggest an active role of the prefrontal and parietal areas in the coding 
of the information that will be retained by the users from the TV commercials. A statistical increase of 
EEG spectral power in the prefrontal (namely BAs 8, 9) and parietal areas for the RMB dataset when 
compared to the FRG one, it is in agreement with the role of these regions that have been advocated 
during the transfer of sensory percepts from the short term memory toward the long-term memory 
storage. The results suggested a strong prevalence of a “common” prefrontal bilateral (involving BAs 8 
and 9) activity in all the subjects analyzed during the observation of the TV commercials that have 
been remembered (RMB dataset) although in many of them a stronger engage of the left frontal areas 
have been noted, in agreement with the HERA model. In fact, in such model the left hemisphere plays 
a decisive role during the encoding phase of information from the short term memory to the long term 
memory, whereas the right hemisphere plays a role in the retrieval of such information. However, the 
aim of the analysis here reported for the statistical mapping of the EEG spectral power was to describe 
the cortical areas engaged in all the population analyzed in the RMB and FRG dataset. This procedure 
could have reduced the extension of the dominance of the left prefrontal hemisphere due to the 
presence of some outlier in the population. It must be noted, however, that the role of the right cortices 
in the storing images has been also underlined since many years in neuroscience [Knutson et al., 2007]. 

 The EEG analysis in the time and in the spectral domains performed in this study also 
suggests a key role of the parietal areas as target of the incoming information flow from all the other 
cortical areas. A strong involvement of parietal areas during the observation of the TV commercials 
was also noted in a previous study, performed by using sophisticated MEG recordings [Ioannides et al., 
2000]. In that study, parietal activations are found by exposing the subjects to advertisements with a 
marked cognitive content in contrast with the brain activations observed during the observation of 
“affective” advertisements, located in orbitofrontal cortices [Ioannides et al., 2000]. The analysis of the 
statistical significant brain differences between the two examined populations in the time or spectral 
domain suggests also an involvement of the superior part of the parietal lobe (SPL). Previously, it was 
observed that the time course of the BOLD signal in the right SPL exhibited transient activity when 
attention was shifted between spatial locations. The transient nature of the signal elicited by the SPL 
suggests that this area of the parietal cortex is the source of a brief attentional control signal to shift 
attentive states, and is not the source of a continuous signal to actively maintain the new attentive state. 
SPL activation is not apparently restricted to spatial shifts alone and this region is activated when 
subjects shift their attention between any two dimensions of the input; for example, shifts between 
superimposed houses and faces [Yantis et a., 2002, 2003], shifts between two different features of an 
object [Liu et al., 2003] or shifts between two different sensory modalities all activate SPL. It may be 
speculated in the present case the high spectral activity in the SPL cortical areas for the RMB data set 
could be then related to the particular processing of the TV commercials that instead lacks in the FRG 
case. However, it must be noted that the attention is a necessary requisite for the subsequent 
recognition of scenes from TV commercials, but it is not per se sufficient to generate a shift from the 
short term memory storage to the long term memory storage in the brain. However, it has been also 
suggested as the choose of familiar items is associated with activation of right parietal cortices, 
indicating outcomes consistent with some form of intention based on previous experience [Ambler et 
al., 2004], and that the activity of the right parietal cortices could be associated with brand equity 
[Plassman et al., 2007]. 

The results also suggested an active involvement of the Anterior Cingulate Cortex (ACC) and the 
Cingulate Motor Area (CMA) as sources of activity during the observation of the TV commercials that 
will be remembered after 10 days. This result is consistent with several observations performed mainly 
by using the brain hemodynamic responses that indicated as the ACC region could be involved 
together some other regions in the process of mentalizing, [ i.e. generate a representation of the others 
in our minds] also in a economic context [Ioannides et al., 2000; Braeutigam et al., 2004; Knutson et 
al., 2007].   
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