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Abstract

Background: The Planning, Attention, Simultaneous and
Successive (PASS) theory of intelligence allows us
cognitive assessment. Hemoencephalography (HEG)
allows us to assess cortical prefrontal activity. Reaction
time (RT) allows us to assess decision-making. We aim to
find teenager profile according to the PASS, HEG, and RT.

Methods and findings: 59 secondary education
adolescent students (30 females and 29 males, 14-16-
year-old, mean=15.29, SD=0.67) were tested by two RT +
HEG experiments. Stimuli of experiment 1 were cognitive
and emotional dilemmas as displayed sentences or
images. Stimuli of experiment 2 were shocking,
unpleasant, and pleasant pictures with music or without
music. PASS assessment was performed. We used one-
way ANOVA (F-test) and correlation analysis. Longer
reaction time was found in emotional dilemmas than
cognitive items (p=0.000). The HEG activity deviation from
baseline was not consistent in both cognitive and
emotional processing and the statistically significant value
showed remarkable variability. HEG-activity differences at
statistically significant level between cognitive and
emotional processing were not found, indicating that both
cognitive and emotional tasks scored close together. All
this means atypical pattern related to adult pattern.
Poorer planning, attention, and successive was associated
with poorer academic performance (p=0.00).

Conclusion: A longer RT in emotional decision-making
along with a simultaneously atypical HEG activity and all
this associated with the relationship between poorer
planning and poorer academic performance makes it
reasonable that an imbalance between cognition and
emotion in adolescence (relative to adulthood)
contributes to adolescent personality. This imbalance is
hypothesized to result in distinct patterns of activity
shown in fMRI, and – we hypothesize – HEG in
adolescence. Further HEG studies are needed.

Keywords: Adolescents; Development; Decision-making;
Behavior; HEG; PASS

Introduction
Many studies have shown that adolescence is a

characteristic period in development [1-16]. Many aspects of
adolescence development remain poorly understood,
particularly, in the field of cognitive-emotional interface.
Research on how the brain develops, learns feels, makes
decisions, and behaves is relevant for understanding
adolescence.

Many neuroscience studies show remarkable consistency in
the brain regions related to both cognitive and emotional
processing. They are studies based on brain lesions [17-19],
electrophysiological findings, particularly, Event-Related
Potential (ERP) [20-22], but predominantly Magnetic
Resonance Image (MRI) [23], Functional Magnetic Resonance
Image (fMRI) [24-29], and Connectivity Functional Magnetic
Resonance Image (cfMRI).

Within a neuroscience-related framework, how the brain
expresses the mind is a key question [30-32]. A crucial
argument is that we can differentiate two neurological
networks: one responsible for cognitive processing (data
information processing) and the other responsible for
emotional-feeling processing as a sensitivity processing
[33-40]. Evidence indicates that cognitive processing is
supported by the younger external cortex, whereas emotional-
feeling processing is supported by the older internal cortex.
Dorsolateral prefrontal (DLPC), parietal, occipital, and external
temporal lobes are well-known parts of the cognitive network.
The amygdala, insula, cingulated cortex, and medial inferior
ventral prefrontal cortex are parts of the sensitive-emotional-
feeling network. Central processing of information includes
the processing of cognitive information and feelings associated
with it.

Unconscious processing becomes quite relevant within our
conceptual framework. We assume that the response in a
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decision task is, first of all, unconsciously processed [31,32,41].
For example, after a child has performed a task, we can verify
if the verbally reported strategy is indeed the one the child
used, which we can deduce by observing, for instance, the eye
movements of the child [30-33]. Frequently, we can see the
verbal response is not corresponding to the strategy being
used. We understand the verbalization is a posteriori mental
process. First, central unconscious processing of beliefs/
knowledge takes place, and then verbalization arguing for the
supposedly used strategy happens and it is elaborated at a
later time (a posteriori). The brain initially creates a reasonable
response by using its previously accumulated knowledge
(knowledge base).

Intriguingly, this process is exactly what has been published
in neuroimaging studies. One of them concludes: “our brain
might cheat when learning or behaving. Instead of trying to
answer a question by reasoning, our brain explores a catalog
of previous answers to similar questions. The brain builds a
repertoire of rote responses to frequently encountered
problems that it can use as appropriate. This cheating
mechanism also exists in people suffering from amnesia. This
mechanism is highly efficient whether it is about learning or
non-learning” by Dobbins et al. [26]. Similar information has
been reported later [41]. In the same line of thought, another
neuroimaging study by Soon et al. [27] tells us: “The outcome
of a decision can be encoded in brain activity of prefrontal and
parietal cortex up to 10 seconds before it enters awareness.
This delay presumably reflects the operation of a network of
high-level control areas that begin to prepare an upcoming
decision long before it enters awareness.” Similar conclusions
have been reached through methods other than fMRI [42,43].
In line with previous thought, a recent investigation found that
the response to stimuli was segmented into items separated
by brief unconscious stops (about 200 ms). These stops were
decision processes or “moments of thought” that correlated
with the difficulty of the decision [44].

The cognitive and emotional processing are constantly
operating in parallel. The most surprising aspect is that
countless different fMRI studies testing different symptoms
such as stress, fear, anxiety, depression, and anger have
identified the same brain areas. It is reasonable to identify this
shared network with the fear-danger processing that is the
base of self-confidence. Consistent with other studies, a own
fMRI study identified the anterior and posterior cingulate
cortex and the medial ventral prefrontal cortex, subserving
emotional processing [28]. Recently, we have contributed to
identify the two networks, external cognitive and internal
emotional, using hemoencephalography (HEG) [16,45].

Excellent evidence from animal experiments [46]
demonstrated that danger feeling is processed unconsciously
and controlled by the amygdala, which triggers unconscious,
uncontrolled, and automatic protective-defensive responses.
This process also involves the prefrontal cortex that operates a
posteriori. When danger is experienced (subconsciously much
more often than consciously), the temporal amygdala sends
out activation signals to the cognitive cortex as well as the
somatic nervous system involved in the defense mechanisms.

The cognitive cortex is activated, and it puts into action the
cognitive information processing (thought). What is produced
by the cognitive cortex in this situation is based on the past
experiences and sensory input from the environment in real
time. This cognitive action happens in a posteriori time, which
is why explanations may be considered justifications for the
behavior. After the unconscious amygdale-related system has
already decided on the behavior, the cognitive system comes
up with the explanation. Likewise, we tend to explain what is
happening to us by establishing cause-effect relationships with
what are normally just triggering causal factors generally
linked to what is entering through our senses in real time.
Strikingly, this evidence is totally consistent with the previously
mentioned neurofunctional evidence [26,27].

The non-invasive in vivo fMRI is relevant in our research. The
volumetric MRI and fMRI studies are revealing that the
functional neural correlates of cognition-emotion interface
change and mature at different rates during adolescent
development compared with adults. Apart from MRI and fMRI,
ERP has also contributed to expand our knowledge of the
adolescent development. More will be said about this point
throughout the discussion. For the moment, it will suffice to
note that the evidence suggests continuing development
across adolescence in the neural correlates of decision-
making. In reviewing neuroscience literature, we find
inconsistencies, which is a challenge to the interpretation of
developmental findings. Bearing in mind these challenges, we
will address these questions in order to contribute to clarify
this issue.

Having constructed such a conceptual framework, we must
remark many instruments used to assess cognitive-emotional
interface require the subjective implication, and most
importantly, studies based on auto-verbal-report remain
difficult and in some points questionable, taking into account
the explained unconscious processing. Many studies have
been limited considerably by self-report techniques of
questionable validity. Based on this premise, the idea of using
Hemoencephalograpy (HEG) [47,48] in this study of decision-
making is supported by our previous reported studies [16,45]
using this instrument. The objectivity of a procedure like HEG
has been also corroborated by other methods like ERP [21,49]
that was able to reveal that changes can be detected at the
neural level earlier than at the behavioral level, and even P3
ERP might be a biomarker for academic achievement during
childhood, independently of behavioral assessment [22].

We thus designed a decision-making experiment to measure
cognitive-emotional interface supporting the internal decision
process. The objective of the study was to relate reaction time
(RT) to both cognitive and HEG assessment. At least, one study
with this design, simultaneously using RT and P300 ERP has
been so far reported [20]. The goal of this study was to better
understand the patterns of RT, HEG activity, and PASS
processing in adolescents to expand our data in the field
coming from our previous research [16,45].

We made some predictions. First, emotional tasks would
process longer than cognitive tasks in RT tasks. Second,
simultaneously obtained HEG activity would show atypical
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pattern according to our recent previous study [16],
adolescents showing different pattern from adults. Third, PASS
planning would be somehow related to emotional processing,
taking into account the results in both RT and HEG activity.
Finally, all the previous results would allow us to infer
conclusions from the cognitive-emotional interaction in
adolescents to explain decision-making and behavior.

Material and Methods

Participants
The sample was a group of 59 subjects (30 women and 29

men), teenage students (14-16 years old, mean=15.29,
SD=0.67 years) of fourth Compulsory Secondary Education,
pertaining to secondary schools. Participants were recruited
via direct contact with local schools.

Participants were recruited or excluded based on parent and
educator report, consisting of self-report items assessing if
they had a history of previous psychiatric o neurological
disorder. All participants had normal vision, normal hearing,
and spoke their native language. Each case was assessed by
two blinded researchers, and inter-observer agreement of 80%
was required. The questionnaire was completed by
participants in school, and was posted to parents for
completion. Data from academic achievement were informed
by the school teachers. A medical screening was carried out to
rule out any psychiatric or neurological illness. As needed, the
following studies were carried out: ophthalmological
exploration, otorrinolaringology exploration,
videoelectroencephalography, somnography, both auditory
and visual event-related potential, cardiological examination,
and thyroid study. Subjects were excluded if they had any
disease and/or medications.

Participants each assented to the study, and informed
written consent was obtained from a parent⁄guardian. The
study was approved by the local ethics committee (Fundació
Carme Vidal).

Experiment Design of Stimuli

Experiment 1
Stimuli were clustered in blocks. Blocks 1, 2, and 3 included

cognitive and emotional dilemma sentences. The response to
each emotional dilemma implies to compare two choices. This
has an emotional charge that is missing in the more rational
cognitive response, whatever the emotional response. That is,
a situation requiring a choice between equally undesirable
alternatives. The emotional response implies to want to feel
right in the sense of what is right and what is wrong as
opposed to the rational response that is neutral. In total, 30
cognitive items, and 30 emotional items. We will expand on it
later on in Procedure. Blocks 4, 5, and 6 included images
concerning the consequences of the response to each stimulus
in blocks 1, 2, and 3 respectively. Again, 30 cognitive tasks, and
30 emotional tasks. We will expand on it in Procedure.

Throughout the experiment, blocks 1, 2, and 3 were associated
with HEG and RT recording. Blocks 4, 5, and 6 were logically
associated with only HEG recording.

Example of cognitive sentence of block 1, 2, and 3 is as
follows. “These two brothers you see on the screen are 6 and
8 years old. They have different hobbies. The short hair likes to
play basketball and long hair likes the football. Sometimes they
share hobby, but sometimes argue with each other because
they do not agree on what to play. Tell me, the short hair likes
to play football?”

Example of emotional dilemma sentence of block 1, 2, and 3
is as follows. “One night you are partying with your friends.
You are happy. It is one o'clock, the time you have to return
home according to your parents. Do you have a problem, bad
if you stay and bad if you leave. You would like to continue the
party, but your parents will get angry. Tell me what do you
do?”

We intended to equate the mean (plus the range) word
length and the number of clauses between conditions.
Complete list of stimuli used are available from the authors
upon request.

For blocks 4,5 and 6, stimuli were images displaying the
consequence of the answer in corresponding blocks 1, 2, and
3. For instance, an image where the short hair plays basketball
and the long hair plays football in the case of the cognitive
example illustrated above. Concerning emotion sentence, an
image where the parents are angry due to he/she decided not
to come back home at the appointed time. Here, verbal
answer was not required.

Experiment 2
The presentation contained three types of images: a first

block (images 1–5), which showed five bloody images
(accidents and mutilations), a second block (images 6–10), in
which five smiling and friendly faces were displayed, and
finally a third block (images 11–15), in which five photographs
of very malnourished persons appeared. All of them are
images of emotional processing with different sign (valence)
and level of emotional impact. It is about a valence-based
approach in the sense of the intrinsic attractiveness (positive
valence) or aversiveness (negative valence), taking into
account the International Affective Picture System. Details of
the images are available from the authors on request.

Measures

PASS/DN:CAS
All subjects [n=59] were administered translated and

validated for local population the DN: CAS (Das Naglieri
Cognitive Assessment System) battery [33-36]. This battery
assesses PASS processing, namely, Planning, Attention,
Successive and Simultaneous. Tests of planning are: matching
numbers, planned codes, and planned connections. Those of
attention are: expressive attention, number detection, and
receptive attention. Simultaneous tests are: nonverbal
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matrices, verbal-spatial relations, and figure memory.
Successive ones are: word series, sentence repetition,
sentence question (from 8 to 17 years) and successive speech
rate (from ages 5 to 7 years). Each of the four PASS scales
yields a standard score with a normative mean of 100 and a
standard deviation (SD) of 15. For three subtests in each of the
four scales, the mean is 10 and the SD is 3.

Matching numbers requires children to devise a strategy to
find and underline two numbers that are the same in a row.
The numbers increase in length from one digit to seven digits.
Planned codes show distinct set of codes and arrangements of
rows and columns. A legend at the top of each page shows
how letters correspond to simple codes (e. g., A, B, C, D
correspond to OX, XX, OO, XO, respectively). Children must fill
in the appropriate codes in empty boxes beneath each letter in
any efficient manner (plan). Planned connections require
children to efficiently connect numbers in sequence or
numbers and letters in alternating orders. Expressive attention
demands children to name the color of ink in the words, blue,
yellow, green, and red that are printed according to Stroop
phenomenon. Number detection consists of pages of numbers
in different formats. Children are required to find, for instance,
numbers 1, 2, and 3 on a page containing many distractors (e.
g., the same number printed in different fonts). The child’s
performance is timed and it takes into account accuracy
(correct minus false detections). Receptive attention demands
the child identify letter pairs that meet specified criteria
among many letter pairs that do not. Non-verbal matrices
shows shapes and geometric designs that are interrelated
through spatial or logical organization. Verbal-spatial relations
shows drawings and a printed question; for instance, “which
picture shows a circle to the left of a cross under a triangle
above a square?” Figure memory requires the child to identify
a geometric design when it is embedded in a complex figure.
Word series demands the child to repeat words in the same
order as stated by the examiner. Sentence repetition requires
the child to repeat sentences, such as “the blue is yellowing”
that are read aloud by the examiner.

Sentence questions (for those aged from 8 to 17 years) uses
the same previous sentences, but in a different manner.
Children have to read a sentence and are then asked a
question about the sentence. For example, the sentence: “The
blue is yellowing”. The question: “who is yellowing?” The
answer: “the blue.” Successive speech rate requires the child
to repeat a series of words in a particular linear order.

HEG
HEG (Biofeedback Institute, Los Angeles, CA) uses infrared

light to measure the neuronal oxygenation through the skull,
using the translucent property of the biological tissue for a
wide range of wavelengths. The light goes right through the
skin and skull to reach the neurological tissue located under
the external sensor and returns Then, it is translated into
values that are dependent on the perfusion and oxygenation
of the underlying tissue. The values express the relationship
between the variable absorption of infrared light and the non-
variable absorption of red light. The HEG headband has two

optodes, a light generating LED pair and a sensor optode. An
optode is red light (660 nm) and shines brightly when the
power is on and the program is running. The other is invisible
infrared (850 nm). The receptor optode is sensitive to the
returning light. The optodes are placed in contact with skin on
the Fp1 EEG point.

The effective penetration into the highly vascular cerebral
cortical tissue is ~1.50 cm below the midpoint between
sensors covering an area of entry and exit of 0.052 cm2 on the
surface of the skin. The emission of light penetrates, disperses,
refracts and reflects. A small amount of light is returned to the
surface and it is measured. The wavelength of red light (660
nm) is less absorbed by the oxygenated hemoglobin than the
deoxygenated hemoglobin. Infrared light (850 nm) is relatively
unaffected by the degree of oxygenation of hemoglobin.

This technology is known as functional near-infrared
spectroscopy (fNIRS). It operates very similarly to a pulse-oxy-
meter. It's an optical instrument, and works by measuring the
color changes of the blood of the brain, taking into account the
different color of oxygenated and de-oxygenated blood. That
is, blood color translates into oxygen saturation. Oxygenated
hemoglobin concentration, therefore, is useful in measuring
local blood flow. A correlation exists between the blood flow
in an area of the brain and the activity of the cells, a
phenomenon known as ‘‘neurovascular coupling.’’ Capillary
oxygenation is based on the energy demand of tissues.

Specifically, the HEG uses lights of red and infrared low
frequency. The light source and the light receiver (LED opted)
are mounted on a headband separated from each other by 3
cm. The device is designed to prevent interference of external
light in measurements. The degree of muscle contraction does
not affect the nirHEG measurement. Only 5%–10% of nirHEG
readings come from the skin or cranial tissue. Reading is
related to vascularization and blood volume in circulation.

The nirHEG ratio of the received waves is the base of the
blood flow. The dependent variable is the changes in blood
flow with changes in the oxygenated–deoxygenated
hemoglobin ratio. The HEG device records this activity and
translates it into conventional activity units that are used for
comparisons in our study. Oxy-hemoglobin (Oxy-Hb) and
deoxy- hemoglobin (deoxy-Hb) are not directly recorded. A
higher value of activity translates to a higher level of blood
flow that is considered an indirect indicator of neuronal
activity.

A standardized basis for HEG ratio was established by Fp1
EEG point measurements in 154 adults. Direct scores were
standardized; something similar to the standardization of a
psychological test. The standard reference value was set to 100
(SD =20) in order to calibrate all new spectrophotometers.
Figure 1 shows the complete nirHEG equipment.
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Figure 1 HEG instrument.

The display software provides the HEG ratio and also two
other measures, the segment index HEG gain or improved
percentage of HEG ratio so far, in the current session, and
current index HEG gain, which is the immediate gain that
varies every second. We used the current index HEG gain
equivalent to the time in seconds the subject maintains the
same level of oxygenation, and we report it in terms of HEG
activity value.

Reaction time
Many experiments with RT have appeared in the literature

on psychological studies. RT most typically is defined as the
interval between the presentation of a stimulus to a subject
and the subject's response. That is, it is the time needed for a
subject to produce a response. Operationally, this interval can
be measured from the end of the stimulus presentation to the
initiation of the subject's response. That is the case in our
study. For our purpose, we deal with the RT obtained as
"decision time". The experimental task used to study the
investigated question does not require a subject to make a
correct versus incorrect response. That is why trial speed of
responding is not emphasized in this case; caution on the part
of the subjects and taking the amount of time necessary for a
response is emphasized.

The procedure we are dealing with is much simpler and
requires less practice and learning than other designs. For
instance, it is not about an encoding stage needing long short
term memory requirement or a comparison stage requirement
to see whether or not the stimulus matched a set item. During
the response, we obtained a continuous measure of HEG
activity.

Procedure-HEG + Reaction time

Experiment 1
Stimuli were presented in blocks, namely, blocks 1 to 6.

Stimuli of blocks 1, 2, and 3, corresponding to reading
sentences, were presented one after another by automated
computer procedure such that each new successive sentence
was presented as soon as RT response took place. Responses

were verbal answer. Stimuli of block 1 were presented at 5 to
5, successively, 5 cognitive were followed by 5 emotional
sentences. Simultaneously, HEG and RT were recorded. Stimuli
of blocks 4, 5, and 6, corresponding to images displaying the
consequence derived from the response to each stimulus of
blocks 1, 2, and 3 by each participant, were continuously
presented one after another by automated computer
procedure. Here, no response was needed; the response was
in HEG recording. Again, stimuli of block 4 were presented at 5
to 5, successively, 5 cognitive were followed by 5 emotional
images.

HEG baseline condition was included in which subjects were
asked to close his eyes and visualize the number 1 for a
duration of 30s. For blocks 1,2, and 3, the instructions did not
emphasize speed, but caution on the part of the subject and
taking the amount of time necessary for a response. Care was
taken to give identical instructions for each subject. The
computer procedure was designed to trigger the next stimulus
as soon as the response took place such that every 20-second
or 20-second-plus block stimulation was followed by 30-
second period of no stimulation (rest period). The rest period
is used to decorrelate the timing of stimulus onset with
spontaneous hemodynamic oscillations in HEG. For blocks 4,5,
and 6, participants were presented with the image displaying
the consequence derived from his/her response in blocks 1,2,
and 3. Participants had 6 s to silently look at the image. After 6
s of stimulation, the next stimulus was automatically
presented. Every 18-second block of stimulation was followed
by a 30-second period of no stimulation (rest period). Again,
the rest period is used to decorrelate the timing of stimulus
onset with spontaneous hemodynamic oscillations in HEG.

Experiment 2
Different images were continuously presented one after

another by automated computer procedure; 16-second block
of stimulation followed by a 30-second period of no
stimulation. The rest period is used to decorrelate the timing
of stimulus onset with spontaneous hemodynamic oscillations.
To minimize the cognitive requirement, we used a quasi-
passive viewing procedure, which reduces the linguistic
cognitive component of the task to a minimum. Successively
and alternatively, one participant performed the experiment
with associated music, namely, Carmina Burana choral music,
and another without associated music. Music is a source of
pleasure or fear. According to the World Federation of Music
Therapy, music is useful to optimize emotional, and intellectual
well-being.

Statistical Analysis
We checked normal distribution adjustment by the Shapiro–

Wilk test. We performed a univariate ANOVA entering task
scores as the dependent variable on the whole sample (N=59).
Using SPSS Version 22, differences were tested with F statistic,
and the Pearson correlation coefficient analysis was computed
where appropriate.

JOURNAL OF NEUROLOGY AND NEUROSCIENCE

ISSN 2171-6625 Vol.7 No.5:156

2016

© Copyright iMedPub 5



Results
First of all, we present RT results. The RTs were averaged.

The emotional item group (N=30, mean=2.44, SD=0.62,
SE=0.11) exhibited larger response compared with the
cognitive item group (N=30, mean=1.28, SD=0.1, SE=0.02). The
average values were submitted to one way analysis-of-variance
(ANOVA), and the results revealed statistically significant
effect, F (1,58)=98,14, p=0.000, indicating that the mean score
was significantly longer for emotional group than for the

cognitive group. Likewise, the Maximum RTs were averaged.
The emotional item group (N=30, mean=5.87, SD=1.25,
SE=0.22) exhibited larger response compared with the
cognitive item group (N=30, mean=2.43, SD=0.72, SE=0.13).
The average values were submitted to univariate ANOVA, and
the results revealed statistically significant effect, F
(1,58)=168.58, p=0.000, indicating that the mean score was
significantly longer for the emotional group than for the
cognitive group. Table 1 reports the results of this analysis.

Table 1 One-way Anova Response time and Maximum time of response in emotional and cognitive items of blocks 1, 2 and 3
(N=59).

 
Emotional items Cognitive items  

n Mean SD SE n Mean SD SE F (1.59) P

Response Time 30 2.44 0.62 0.11 30 1.28 0.13 0.02 98.14 0.000

Maximum Response Time 30 5.87 1.25 0.22 30 2.43 0.72 0.13 168.51 0.000

If we assume that the cognitive-emotional processes
involved are not affected by extraneous variables, then the
difference in the RT is independent of known confounding

factors and can be interpreted as the duration of a mental
processing.

Table 2 Difference in HEG activity during question time before response time comparing cognitive and emotional items of blocks
1, 2, and 3 (N=59).

Cognitive Items Emotional Items

N mean SD n Mean SD F P

30 617.69 13.88 30 619.32 9.56 0.277 0.061 (NS)

We analyzed the difference in mean HEG activity during
question time before response time comparing cognitive and
emotional tasks. There was not difference at statistically
significant level, which means similarity in neurological activity
between cognitive and emotional tasks during question time
(Table 2).

Also, we investigated the homogeneous nature of both
emotional tasks and cognitive task by using correlation
analysis (Tables 3, 4 and 5).

Table 3 Correlations in cognitive and emotional items of Block 4.

Cognitive Items

Items 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 0.61*
*

NS NS 0.38*
*

NS NS NS NS NS NS NS NS NS NS

2 - 0.51*
*

NS NS NS NS NS NS NS NS NS NS NS NS

3 - - 0.61*
*

0.31* NS NS NS NS NS NS NS NS NS NS

4 - - - 0.71*
*

NS NS 0.36*
*

0.27* 0.30* NS 0.29* NS NS NS

5 - - - - 0.35*
*

NS 0.27* NS 0.30* NS 0.38** 0.29* NS NS

6 - - - - - 0.69*
*

0.44*
*

0.29* 0.29* 0.45*
*

NS NS NS NS
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7 - - - - - - 0.69*
*

0.33* NS 0.34* 0.31* 0.29* 0.27* NS

8 - - - - - - - 0.64*
*

NS 0.36*
*

0.36** 0.40** 0.30* NS

9 - - - - - - - - 0.61*
*

NS NS NS 0.33* NS

10 - - - - - - - - - NS NS NS NS 0.33**

11 - - - - - - - - - - 0.48^^ NS NS 0.29*

12 - - - - - - - - - - - 0.65** NS NS

13 - - - - - - - - - - - - 0.60** NS

14 - - - - - - - - - - - - - 0.56**

Emotional Items

Items 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 0.68*
*

0.31* 0.47*
*

0.52*
*

0.32* NS NS NS 0.28* NS 0.29* 0.30* NS NS

2 - 0.75*
*

0.53*
*

0.56*
*

0.53*
*

0.52*
*

0.50*
*

0.45*
*

0.44*
*

0.35*
*

0.40** 0.39** 0.27* 0.39**

3 - - 0.67*
*

0.39*
*

0.46*
*

0.58*
*

0.58*
*

0.42*
*

0.27*
*

0.39*
*

0.34** 0.36** 0.28* 0.34**

4 - - - 0.67*
*

0.45*
*

0.46*
*

0.44*
*

0.35*
*

NS NS NS NS NS NS

5 - - - - 0.54*
*

0.47*
*

0.34*
*

0.32* 0.44*
*

NS NS 0.28* 0.30* 0.40**

6 - - - - - 0.68*
*

0.30* 0.29* 0.39*
*

0.35*
*

NS NSN NS 0.28*

7 - - - - - - 0.72*
*

0.35*
*

0.29* 0.30* 0.31* 0.30* 0.30* 0.46**

8 - - - - - - - 0.67*
*

NS 0.28* 0.36** 0.40** 0.40** 0.42**

9 - - - - - - - - 0.62*
*

NS NS 0.28* 0.26* 0.29*

10 - - - - - - - - - NS NS NS NS NS

11 - - - - - - - - - - 0.63^^ 0.27* NS NS

12 - - - - - - - - - - - 0.70** 0.42** 0.32*

13 - - - - - - - - - - - - 0.79** 0.42**

14 - - - - - - - - - - - - - 0.61**

Note: **P<001; *P<0,05; NS: Non Significant Difference.

Table 4 Correlations in emotional dilemma items of Block 5.

Items 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 0.78** 0.40** 0.32* 0.29* 0.38*
*

0.46*
*

0.41*
*

0.38*
*

0.40*
*

NS NS 0.35*
*

0.50*
*

0.39**

2 - 0.69** 0.50*
*

0.48*
*

0.52*
*

0.53*
*

0.38*
*

0.46*
*

0.54*
*

NS NS 0.31* 0.43^
^

0.39**

3 - - 0.78*
*

0.46*
*

0.48*
*

0.43*
*

NS 0.40*
*

0.43*
*

NS NS 0.33* 0.39*
*

0.30*

4 - - - 0.75*
*

0.49*
*

0.31* NS 0.28* 0.32* NS NS 0.32* 0.31 ^NS
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5 - - - - 0.77*
*

0.35*
*

NS 0.27* 0.42*
*

0.27* NS NS NS NS

6 - - - - - 0.65*
*

0.31* 0.27* 0.57* 0.33* NS 0.37*
*

0.38*
*

0.38**

7 - - - - - - 0.62*
*

0.34* 0.50*
*

NS NS 0.30* 0.48*
*

0.51**

8 - - - - - - - 0.75*
*

0.44*
*

0.25* NS NS 0.32* 0.36**

9 - - - - - - - - 0.57*
*

NS 0.26* NS NS NS

10 - - - - - - - - - 0.66*
*

0.40*
*

0.44*
*

0.29* 0.31*

11 - - - - - - - - - - 0.76*
*

0.37* NS NS

12 - - - - - - - - - - - 0.53*
*

NS NS

13 - - - - - - - - - - - - 0.62*
*

0.36**

14 - - - - - - - - - - - - - 0.71**

Note: **P<001; *P<0,05; NS: Non-Significant Difference

Table 5 Correlations in cognitive items of Block 6.

Items 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1 0.50** NS NS 0.32* NS 0.26* 0.29* 0.37** 042** 0.36** 0.28* NS NS NS

2 - 0.67** 0.29* NS NS 0.29* 0.30* 0.31* 0.31* NS NS NS NS NS

3 - - 0.65** NS NS NS 0.29* NS NS NS NS NS NS NS

4 - - - 0.55** NS NS 0.35** 0.30* NS 0.28^ 0.43** NS NS NS

5 - - - - 0.58** NS NS NS NS 0.35* 0.47** 0.35** NS NS

6 - - - - - 0.66** NS NS NS 0.26* 0.35** 0.54** 0.48** 0.44**

7 - - - - - - 0.66** 0.27* NS NS NS 0.40** 0.33* 0.27*

8 - - - - - - - 0.69** 0.38** 0.30* 0.26* NS NS NS

9 - - - - - - - - 0.59** 0.37** 0.34* NS NS NS

10 - - - - - - - - - 0.75** 0.41** 0.39** NS NS

11 - - - - - - - - - - 0.63** 0.36** NS NS

12 - - - - - - - - - - - 0.67** 0.27* NS

13 - - - - - - - - - - - - 0.61** 0.42**

14 - - - - - - - - - - - - - 0.82**

Note: **P<001; *P<0,05; NS: Non Significant Difference

The result showed that the emotional tasks are more
homogenous than cognitive tasks. Higher correlations are get
in emotional tasks. Higher number of emotional tasks are
correlated. We can infer that the emotional tasks are a
homogenous phenomenon (feeling), but the cognitive tasks
are a heterogeneous phenomenon instead.

Secondly, we present simultaneously obtained HEG activity
results. Heterogeneous and somehow contradictory results

were found in the sense that the premise coming from adult
results that HEG emotional activity is associated with under
HEG baseline and cognitive activity is above HEG baseline was
not consistently found. Some cognitive scores were under
baseline, some above baseline. Some difference in score was
at statistically significant level, some was not. Likewise, with
emotional scores. To clarify, all cognitive and emotional tasks
of block 1 scored under baseline. Of all the aforementioned
differences, some showed difference at statistically significant
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level, some did not. That is, the sign of deviation from baseline
is not consistent in both cognitive and emotional processing
and the level of statistically significant value shows remarkable
variability. Furthermore, HEG-activity score difference at

statistically significant level between cognitive and emotional
processing was not found, indicating that both cognitive and
emotional tasks scored close together (Figure 2).

Figure 2 In blue and red colors graphic representation of differences in HEG activity of university students versus adolescents,
according to each emotional image test (Neuropsychiatr Dis Treat 2016;12:1173-1180). In yellow color HEG activity of
adolescents, according to each emotional dilemma in this study. Note yellow line reproduces red line corroborating previous
finding. Abbreviation: HEG, hemoencephalography.

We must remember that scores higher than baseline are
associated with cognitive external cortical regions. Lower
scores are linked to internal cerebral regions. Although it will
be discussed later, it seems that adolescents frequently
processes cognitive and emotional tasks paradoxically,
something like making fast decisions without consciously
thinking or neglecting our gut feelings that tell us to choose a
particular option.

We made two separate analyses, experiment 1 and
experiment 2. All our results concern experiment 1 apart from
what concerns to music results. Concerning experiment 2, we
performed a comparison of HEG scores obtained in with-
music-task versus without-music-task. The HEG scores were
averaged and comparison of scores between groups, with-
music-task versus without-music-task, was made. Only images
1 (shocking image), 12 (unpleasant image), and 14 (unpleasant
image) showed statistically significant difference in HEG score.
The image 1 atypically exhibited higher score in with-music-
task (N=30, mean=626.84, SD=45.31, ES=8.27) compared with
without-music-task (N=29, mean=601.66, SD=44.72, ES=8.30).
The average values were submitted to one way ANOVA, and
the results revealed statistically significant effect (F
(1,57)=4,61, p=0.03). The image 12 typically showed lower
score in with-music-task (N=30, mean=583.58, SD=57.27,
SE=10.45), as it would be expected according to adult pattern,
compared with without-music-task (N=29, mean=619.47,

SD=61.12, SE=11.34). One way ANOVA revealed statistically
significant effect (F (1,57)=5,42, p=0.02. The image 14
atypically showed higher score in with-music-task (N=30,
mean=640.08, SD=57.47, SE=10.49) compared with without-
music-task (N=29, mean=612.87, SD=46.47, SE=8.62). ANOVA
revealed statistically significant effect (F (1,57)=3.98, p=0.05).
Apart from aforementioned images 1, 12, and 14, the rest of
images exhibited atypical higher scores in with-music-task
compared with without-music-task except in images 8, 9, and
11, where typical lower scores in with-music-task was
observed. There were not differences at statistically significant
level. We must remember that the typical adult pattern is
lower score in with-music-task. Therefore, it’s easy to see how
the adult hypothesis can be disconfirmed in the majority of
the images. Again, it seems that adolescents frequently
processes cognitive and emotional tasks paradoxically,
according to HEG adult pattern.

We can see that the HEG results are heterogeneous, but
there is no reason to reject the hypothesis that the peculiar
neurodevelopmental brain of the adolescents accounted for
the observed effect (results). Strikingly, heterogeneous and
inconsistent results must be paradoxically considered
significant as will be discussed later. On the other hand, there
is no reason to think in artifactual results.
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Finally, we present PASS score results. A comparison of PASS
scores in failed and passed students of the sample was made.
The passed students ( N=46 ) showed higher scores in
simultaneous ( mean=99.00, SD=15.29, SE=2.25 ), planning
( mean=93,98, SD=13.80, SE=2.03), attention ( mean=99.93,
SD=15.45, SE=2.03), and successive ( mean=88.89, SD=12.14,
SE=1.79) compared with failed students (N=13) that showed
lower simultaneous ( mean=91.62, SD=11,63, SE=3,22),
planning (mean=80.46, SD=12.29, SE=3.41), attention
( mean=84,38, SD=12,81, SE=3.55), and successive
(mean=75.62, SD=13,82, SE=3.83). The average values were

submitted to one way ANOVA, and the results revealed
statistically significant effect for group in planning (F
(1,57)=10.15, p=0.002), attention (F (1,57)=10,98, p=0.002),
and successive (F (1,57)=11.40, p=0.001), but not in
simultaneous (F(1,57)=2.59, p=0.113), indicating that the
mean score was significantly lower in planning, attention, and
successive in failed students compared to passed students.
There was statistically significant difference between groups as
determined by ANOVA. Table 6 reports the results of this
analysis.

Table 6 One-way Anova PASS processes for Passed and Failed students (N=59).

 Passed Failed  

Cognitive Processes n Mean SD SE n Mean SD SE F (1,58) P

Simultaneous 46 99 15.29 2.25 13 91.62 11.63 3.22 2.59 0.113

Plannig 46 93.98 13.8 2.03 13 80.46 12.29 3.41 10.15 0.002

Attention 46 99.93 15.45 2.03 13 84.38 12.81 3.55 10.98 0.002

Successive 46 88.89 12.14 1.79 13 75.62 13.82 3.83 11.4 0.001

On the other hand, no statistically significant relationship
was found between PASS score and both HEG activity and RT.
Differences are found, but they just do not quite reach an
accepted level of significance.

Discussion
Basically, we tested three specific hypotheses and a

corollary. First, emotional tasks would process longer than
cognitive tasks in RT. Second, simultaneously obtained HEG
activity would show atypical pattern in agreement with our
previous study [16,45] adolescents showing different pattern
from adults. Third, PASS planning would be somehow related
to emotional processing, taking into account results in both RT
and HEG. Finally, all the previous results would allow us to
infer conclusions to explain decision-making and behavior in
the adolescents.

As for the first question, this study shows longer RT to
respond to the emotional than cognitive tasks. As far as
possible, we must rule out that the longer RT is not due to the
longer cognitive processing in the emotional task than in
cognitive task. The difference in mean HEG activity during
question time before response time, comparing cognitive and
emotional tasks, is not statistically significant, which means
similarity in neurological activity (similarity in cognitive and
emotional processing activity) (Table 3). A research on RT [50],
applying the Subtraction Method, showed that there was no
difference in RT for one- vs. three-syllable responses,
concluding that the difference obtained in the experimental
condition could not be attributed to the length in syllables of
the stimulus word (cognitive load). In contrast, a clearly
stronger correlation in emotional tasks than cognitive task
(Tables 3, 4 and 5) means that emotional tasks are more
homogenous than cognitive tasks, which can be interpreted in
the sense that the emotional tasks involve a stronger common

phenomenon than cognitive tasks. This common phenomenon
can be reasonably attributed to emotional load that is more
homogenous than cognitive load.

This finding objectively proves that emotional processing
involves greater repercussion than cognitive does. It seems
introspectively reasonable and tenable that the subject uses
cognitive-emotional interaction and not only cognitive
processing. We can make decisions without consciously
thinking, but how we arrive at the decision is often a mystery.
On the frame-work (introduction), we have argued on the
“conscious versus unconscious mental evidence”, which
involves relatively recent novelty in the field of decision-
making [26,27,30-33,41-44]. Thus, on the average, insecurity
(emotion) will be associated with longer sequences of
processing (by analogy, long RT) and security (confidence) with
shorter sequences of processing. In a neuroimage study [29]
the authors presented subjects between 10 and 17 years old
morally simple scenarios, morally ambiguous scenarios, and
not moral scenarios. In all ages trials with morally ambiguous
situations activated prefrontal and parietal considerably more
than simple moral judgments, suggesting that most
neurocognitive processing is needed in this condition with
higher emotional processing load. A ERP research [13] with
adolescents aged 12 to 14 and college students measured the
N2 ERP. Adolescents showed longer N2 amplitudes than adults
for moral and neutral acts, but not for conventional acts
(acceptable or unacceptable according to a certain rule).

With respect to the second point, this study shows that
simultaneously obtained HEG activity shows atypical
adolescent pattern in agreement with our recent previous
study [45], adolescents showing paradoxical pattern different
from adults (Figure 2). Adolescent atypical HEG pattern means
a pattern different from adults. The adult HEG pattern was not
consistently found and the results at statistically significant
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level were inconsistent. Analyzing the results of musical tasks
in the parallel study, there was a high degree of concordance
in the two sets of findings (experiment 1 and 2). Although not
everyone experiences intense emotional responses to music
and previous studies vary in the reported rates of these
reactions [51-58], we think the music results corroborate the
prediction of the hypothesis, that is, the adolescent central
processing is different from adult processing, involving a
dysfunction in the achievement of emotional and intellectual
maturity. Adolescents frequently processes cognitive and
emotional tasks paradoxically. The previously reported lower
HEG activity decrease in emotional tasks in adolescents than
expected according to adult results [45] has been replicated in
this study (Figure 2). We assume this is a matter of
controversy. Elucidating the exact meaning certainly requires
more investigation.

These data converge with additional neuroscience evidence
to support this analysis and interpretation based on
dysfunctional maturity in adolescence. Age-associated changes
lead to an improvement in learning, feeling, and behavior.
Some contradictory results are found in different studies,
reflecting the lack of a congruent synthetic theory. For
instance, shared brain fMRI patterns appear linked to different
tasks across different conditions, but here we can suggest a
common meaningful explanation, independently of the task,
that is, a common factor. One shared fMRI pattern involving
ventral prefrontal cortex, anterior and posterior cingulated
cortex and amygdale can be associated with the emotional
processing linked to self-confidence.

Anatomical MRI, fMRI, cfMRI, and ERP studies have
reported developmental differences between adolescence and
adulthood, particularly, within regions of the cognition-
emotion interface, subserving internal emotional network.
Several regions turned out to be the most important, relevant
ones, which were the bilateral amygdala, insula, cingulate, and
ventromedial prefrontal cortex (MPFC), regions that are part of
the broader limbic network. Although decrease in amygdale
reactivity to emotional stimulus during adolescence has been
described, we will focus our discussion on the cognitive-
emotional interface that is represented by the DLPFC / MPFC
(prefrontal cortex) interface. The MPFC continues to develop
through the teenage years and it is associated with theory of
mind or mentalizing.

Many fMRI studies have consistently showed that activity
within anterior rostral MPFC, during mentalizing relative to
control tasks, correlates negatively with age between
adolescence and adulthood [4-5,8-9,59]. An fMRI mentalizing
(thinking about intentions) study [2] in a total of 19 adolescent
(aged 12.1-18.1 years), and 11 adults (aged 22.4-37.8 years),
showed that part of the MPFC was significantly more active in
teenagers than in adults. As you get older, MPFC activation
decreases. This fact is associated with synaptic pruning
phenomenon. In contrast, an fMRI study 11 investigated peer
evaluation and rejection across age, in groups of pre-
adolescent (8–10 years), young adolescent (12–14 years),
adolescent (16–17 years) and adult (19–25 years) participants.
The results showed an age-related increase in activity within

ventral MPFC, anterior cingulate cortex and striatum. A
contrasting result in this study is the age-related increase in
ventral MPFC activity, while mentalizing studies show age-
related decrease in the more dorsally situated anterior rostral
MPFC.

Two main age-associated changes have been described in
volumetric MRI studies [8]. Firstly, cortical grey matter volume
decreases across adolescence. Secondly, white matter volume
increases across adolescence. Grey matter development takes
place during adolescence in association regions (e.g. frontal
and parietal lobes). Grey matter volume in the frontal (DLPFC
and parts of MPFC) peaks around puberty onset in the frontal
lobe (age 11 in girls and 12 in boys), and at around 16–17 years
in the temporal lobe. These peaks in grey matter density
decline throughout the remainder of adolescence and early
adulthood (pruning). Pruning results in more finely tuned,
robust and efficient neural circuits. An increase in the volume
of white matter results in myelination with better axonal
conduction speed and better inter-regional synchronization
[8].

In sum, it is very important to make the point that an
imbalance between cognition and emotion in adolescence
(relative to adulthood) takes place, which can be associated
with important changes in the MPFC. It is hypothesized that
the emotional network with the amygdala attains functional
maturity earlier in development than does the prefrontal
cortex, and that the greatest mismatch in development of
these systems occurs during adolescence [3]. Consequently,
this mismatch can explain that individuals are more greatly
affected by emotional context when making decisions [8]. This
imbalance is hypothesized to result in distinct patterns of
activity shown in fMRI studies, and – we hypothesize – HEG
studies in adolescence.

The third point to discuss is PASS planning would be
somehow related to the cognitive-emotional imbalance, taking
into account that planning, selective attention, and successive
are prefrontal-related processes [33-36]. We have analyzed the
PASS variables in relationship to RT and HEG activity. There
was no association at statistically significant level. However,
we observed that all (N=59) planning scores were between the
mean and -1SD/-2SD, that is, low scores. And the mean PASS
score was significantly lower in planning, attention, and
successive in failed students than passed students. There was
a statistically significant difference between groups as
determined by ANOVA (Table 6). Although no direct
relationship between planning and RT and HEG was found, it is
reasonable to relate planning to cognitive-emotional
imbalance derived from RT and HEG results. Although primary
planning dysfunction is possible, a planning dysfunction
secondary to cognitive-emotional imbalance is quite more
frequently found [30,31-34,36]. Therefore, we must link
executive function to self-regulation, and, on the other hand,
self-regulation to self-confidence. Executive function (planning
+ selective attention) is correlated with, and predictive of,
academic achievement [60]. A dysfunctional planning may
explain contradictory responses in a task.
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In what follows, we will show evidence of neuroscience for
execute function (planning + selective attention), working
memory (successive), and self-regulation and self-confidence
in adolescence (development). In a study [12] the authors
scanned 12- year-olds and young adults before and after 6
weeks of practice. Adults engaged the lateral fronto-parietal
network more strongly. By contrast, 12-year-olds did not make
good use of this working memory network for the more
demanding task until the second time they were scanned,
after 6 weeks of practice. Thus, adolescents needed 6 weeks of
practice to approach the task more like adults, thereby
emphasizing the role of age-related experience in
development [61].

It is hypothesized that greater top-down/down-top
interaction results from developing connectivity between
DLPF-MPFC. It is assumed that executive function has a major
contribution to the development of moral [15]. Adults and
infants reason differently about moral (greater emotional load)
and conventional acts (lower emotional load) [15,29,62].
Adolescent behavioral research has shown links between
executive function and moral judgments. It has been showed
[9] continuing development during late adolescence (between
age 17 and early adulthood) in performance on mentalizing
trials, relative to rule-based control trials relying on executive
functions only. It points to neural circuits associated with
executive function, that is, DLPF-MPFC interaction.

Decision-making is associated with confidence, and
confidence guides decisions [63,64]. The more you are
unconfident, the less planning you use [30-34,40]. Self-
confidence is inherently linked to self-identity [5,64]. A study
in a sample of adolescents and adults (aged between 11 and
41 years) indicated that confident judgments ability improves
across the period of adolescence, is highest in late
adolescence and stabilizes in adulthood [14]. It has been also
reported that confidence judgments improve during late
childhood, age 7–12 years [65]. Several studies have reported
that adults are better than adolescents in the control of action
[14], in self-evaluation, [6] and top-down control [66]. An
implicit system of conflict and error monitoring is considered
to be supported by the posterior MPFC [67]. But also
dorsolateral prefrontal and anterior cingulated cortex in
response to feedback have been involved in 13–16-year-olds
[68], and gray matter volume of Brodmann area 10 has
showed to correlate positively with metacognitive ability [10].

The developmental cognitive-emotional neuroscience
research may have implications for health across adolescence
and adulthood [69,70]. Disability in regulation (modulation) of
emotional response to negative emotional stimuli (fear and
insecurity) in adolescence may be an indicator of possible
future clinical and psychiatric disorders. HEG pattern might be
a useful marker to define maturation and future possible
mental dysfunctions. Research suggests that adolescence is a
key time for the development of the cognitive-emotional
interface and self-confidence. Little is yet known about the
relationship between self-confidence and behavior at
neurological level [69,70].

A number of limitations have been found in this study, such
as the low number of participants. A larger sample of
participants might be more reliable to generalize the results to
a larger population. We assume that the results on HEG are a
matter of controversy. Future studies should disentangle the
nature of these results, and the generalization of these results
to other tasks with varying cognitive-emotional loads. Another
point is that some association at statistically significant level
between PASS scores and RT-HEG activity would have been
desirable to reinforce the cognitive-emotional
interrelationship. Future studies with larger sample size might
be informative in this respect. Finally, a design with enough
follow-up would allow us to verify the age-related changes in
HEG activity, and on the other hand, to find patterns in HEG
activity predictor of learning and behavioral dysfunctions and
even psychiatric disorders.

Conclusion
Our finding that RT is longer in emotional decision-making

along with a corroborated atypical simultaneous HEG activity
response, suggesting maturation dysfunction, and also all this
associated with the relationship between planning and
academic performance makes it reasonable that our findings
are consistent with what’s been hypothesized.

RT, HEG, and PASS have been used to study information
processing in adolescent sample to discuss decision-making
phenomenon. A design based on an innovative neuroscience-
related framework has allows us to conclude ideas that are
consistent and convincing to explain decision-making in
adolescents. This study seems to corroborate that decision-
making in adolescents is different from adult. HEG might be a
biomarker for academic achievement during childhood,
independently of behavioral assessment [69,70]. This study
expands HEG research on attention deficit hyperactive
disorder [71,72], dyslexia [73], autistic spectrum disorder [74],
traumatic brain injury [74], migraine [75], and depression and
anxiety [75] where HEG has proved to be useful for both
diagnosis and treatment.

As a corollary, this study has contributed to emphasize that
the collaboration between neuroscience, psychology, primary
care medicine and education contributes to a better
understanding of learning, feeling, and behavior. Obviously
caution is needed in interpreting our results. Although the
results of the study are promising, it is still necessary to
continue accumulating evidence that allows us to find out
exactly which type of pattern is appropriate to improve which
specific aspects within the cognition-emotion interface. HEG
analysis is non-invasive, painless, and cheap in order to
investigate and reach clinical applicability in a near future.
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