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Abstract
Background: Impulsivity is an important factor associated with high risk behaviors. The new findings reveal the neuropsychological bases for this personality trait.
Objectives: The current study aimed to investigate the relationship between quantitative electroencephalography (QEEG) connectivity indices in FP1 / Fp2 brain areas and multiple facets of impulsivity among college students.
Patients and Methods: The current correlational study was conducted on all students of the University of Mohaghegh Ardabili
in 2015 - 2016 the academic year as the statistical population. Eighty-eight students were randomly selected and asked to respond
to the questionnaire of demographic information and impulsive behavior scale, then they were brought into the laboratory of
psychology, located in the Faculty of Educational Sciences and Psychology of the University of Mohaghegh Ardabili and their EEG
activities were recorded for six minutes both under opened eye and closed eye conditions. The data were analyzed with NeuroGuide
and SPSS version 23.
Results: The current study results showed a positive relationship between negative urgency and delta activity in closed eye condition in FP1 / Fp2 areas. Also, beta activity in opened eye condition in FP1 / Fp2 areas was negatively correlated both to lack of premeditation and positive urgency. Moreover, there was a significant relationship between high beta activities in closed eye condition and
the lack of perseverance.
Conclusions: The obtained results were consistent with prior findings highlighting the importance of the high beta and low delta
activity in prefrontal lobe in impulsive behaviors.
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1. Background
Impulsivity is a multidimensional personality trait related to deficits in control and inhibition such as the inability to delay gratification as well as deficits in approaching
behaviors such as persistence and planning (1, 2). Indeed,
all human functions are influenced by three core personality system: approach, avoidance, and supervisory control (3-5). The approach motivation system is characterized by action or go system, that is responsible for motivational response as well as behavioral activation and facilitation systems and approach of goal (6-9), while the avoidance motivation system is characterized by withdrawal or
freezing system, which is responsible for behaviors related
to avoid threat, and behavioral inhibition as well as fightflight-freeze system (6, 8-11). The last and important system
in this category is the supervisory control system, which is
linked to psychological constructs of inhibitory and executive functioning to effortful control over motivational im-

pulses as well as moderating the action of approach and
avoidance system (12-15). However, the biological models
of human behavior classified all three systems as a distinct
system in the human neural system (3-5). Different studies
showed that greater left frontal asymmetry relates to approach and activation systems, on the other hand, greater
right frontal asymmetry relates to avoidance system (3-5,
12, 16). In contrast, there are no consistent results about
the relationship between frontal asymmetry and supervisory system (3, 5). However, one of the recent studies on
neurophysiological traits of emotion based on impulsivity
(3) hypothesized that the link between frontal asymmetry
and positive urgency is related to the reduced right-frontal
activity. The reduced right-frontal activity may be a potential neurobiological trait related to the supervisory control system. This result is consistent with the other previously conducted studies such as that of Gianotti et al., (17)
demonstrating that right-frontal theta and delta activities
relate to greater risk taking-behaviors or (12) the study that
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showed this asymmetric activity may be linked to the right
inferior frontal gyrus. This region of the brain is linked
with response inhibition on a Go/No-go task and inability to ignore drug-related cues in active cocaine users (18,
19). Therefore, some recent studies hypothesized a relationship between frontal asymmetry, especially asymmetric activities of the right inferior frontal gyrus by the supervisory control system. As previously mentioned, impulsivity is a multidimensional conception, which encompasses
negative urgency, lack of premeditation, sensation seeking, lack of perseverance, and positive urgency (5). Negative and positive urgency refers to the tendency towards
rash action in response to extreme negative or positive
emotional states (3, 5). Lack of premeditation also refers
to an individual’s tendency to act without consideration of
the potentially dangerous consequences of the behavior,
and sensation seeking refers to an individual’s readiness to
seek activities that are exciting and novel also lack of perseverance includes an individual’s tendency to give up in
the face of boredom, fatigue, or frustration (20). A recent
study by Grimshaw and Carmel (21) suggested that greater
relative left frontal asymmetry is associated with different
impulsivity dimensions. Also, different researchers show
that positive urgency, sensation seeking and response inhibition are associated with greater relative left frontal asymmetry (3, 19, 22). Also, a more recent study (5) suggested
that the greater relative left frontal activities are related
to multiple facets of impulsivity: negative urgency, lack of
premeditation, lack of perseverance, and positive urgency.
Another recent study (3) showed that greater positive urgency is associated with greater relative left frontal electroencephalography (EEG) activity. All of these recent consistent results may shed light on how impulsivity works beneath human brain and provides supports for biological
models of impulsivity in human behavior. But, to understand the exact mechanism of human brain functioning
based on the three personality core systems for impulsivity traits, there is a need for more investigation and more
consistent results.

2. Objectives
The current study aimed to investigate the correlation
of QEEG connectivity indices in FP1 / Fp2 brain areas and multiple facets of impulsivity.

3. Patients and Methods
3.1. Instruments
3.1.1. Electroencephalogram
QEEG was recorded by Neruoscan SynAmps RT amplifier units (EL Paso, TX); at the beginning, electro cup
mounted by 19 channels based on the 10 - 20 system with
2

ground electrode between Fpz1 and Fpz2 embedded in participants’ scalp. Also, it is noteworthy that the reference
used to record data was a bipolar reference. Accordingly,
EEG recorded data were sent to quantitative NneruoGuide
software for analysis. In the first step, data were visually
inspected to eliminate artifacts, but to make sure, the final 60 - 70 seconds hand-selected electroencephalography
from all part of the six minutes were recorded. Asymmetry
as a connectivity index was computed via Z scored FFT (fast
Fourier transform) amplitude asymmetry relating Fp1 and
Fp2 areas. Finally, this index was correlated with impulsive
behavior traits via SPSS.
3.1.2. The UPPS Impulsive Behavior Scale
This scale was developed by Lynam et al., (23) and consists of 59 questions that assess five different dimensions
of impulsivity traits: negative urgency, lack of premeditation, sensation seeking, lack of perseverance, and positive
urgency. Lynam et al., (24) also showed that the subscales
had a significant relationship with alcohol-consuming in
the non-clinical young adults. Also, alpha coefficients of all
subscales were reported higher than 80%.
3.2. Patients and Methods
Ninety-seven college students (60 females and 37
males), randomly selected by multiphasic cluster sampling, participated in the current study. However, nine participants were excluded due to failing to complete the inventory or excessive artifacts in the EEG data. Finally, 88
participants were included in the data analysis. At the beginning, participants completed sets of demographic information such as age, gender, handedness, family income,
etc., and the impulsive behavior scale. After completion of
the questionnaires, EEG activates were assessed for six minutes both in the opened eye and closed eye statuses in the
laboratory of psychology located in the University of Mohaghegh Ardabili.

4. Results
As it can be observed in Table 1, most of the participants
were in the age range of 19 to 25 years, MA student, jobless,
single, and female.
As shown in Table 2, the means of negative urgency,
positive urgency, lack of premeditation, lack of perseverance, and sensation seeking were 30.5, 40.8, 19.4, 21.9, and
22.2, respectively. Also, the means for the brain waves in the
closed eye status varied 1.1 - 1.6 and in the open eye status
from 1.6 to 4.5.
As can be observed through the Pearson correlation table, there was a positive and significant relationship between negative urgency and delta waves in the closed eye
condition (r = 0.374). Besides, there was a significant, but
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Table 1. Demographic Characteristics of the Study Participants (n = 88)
Demographic Variable

Frequency

Percentage

Female

60

68.2

Male

28

31.8

Married

12

13.6

Single

74

84.1

Divorced

2

2.3

Employed

20

22.7

Jobless

68

77.3

Bachelor of arts

36

40.9

Masters of arts

52

59.1

19 - 25

56

63.6

26 - 35

30

34.1

36 - 44

2

1.0

Gender

Marital status

Occupational status

Education status

Age, y

Table 2. Mean and Standard Deviation of the Participants Scores in the Study Variables
Number

Mean ± SD

Negative urgency

88

30.5 ± 7.0

Positive urgency

88

40.8 ± 9.5

Lack of premeditation

88

19.4 ± 5.4

Lack of perseverance

88

21.9 ± 5.8

Sensation seeking

88

29.2 ± 6.7

Variable

negative relationship between beta wave in open eye condition and lack of premeditation (r = -0.232). Additionally, there were negative significant relationships between
high beta wave in closed eye condition and lack of perseverance (r = -0.235); likewise, a negative and significant
relationship between positive urgency and beta wave in
open eye condition (r = -0.223). Except for these significant relationships, they were no significant relationships
between any of impulsivity traits and connectivity of brain
waves in FP1 and Fp2 areas.
5. Discussion
The current study aimed to identify the possible relationships between brain waves asymmetry in FP1 and Fp2 areas and multiphasic facets of impulsivity. Impulsivity is reported in many psychiatric problems and includes deficits
in several cognitive functions such as attention, inhibitory
Int J High Risk Behav Addict. 2018; 7(3):e58637.

control, risk-taking, delay discounting, and planning. The
prefrontal cortex (PFC), especially orbitofrontal cortex (Fp1
and Fp2 areas) may have a key role in impulsivity. Studies showed that prefrontal asymmetry is associated with
controlling impulsive behaviors (3, 19, 22). However, each
facet of impulsivity (negative urgency, lack of premeditation, sensation seeking, lack of perseverance, and positive urgency) is separately associated with different brain
waves asymmetry in the prefrontal cortex (3, 19, 22). But,
interestingly Fp1 is identified as one of the important centers of impulsivity control and Fp2 is known for its role in
inhibition system (3, 22). Therefore, correlation between
asymmetry as a connectivity index between these two areas and multiple aspects of impulsivity may reveal important information. Similar to previous studies (5), the
current study demonstrated significant relationships between prefrontal connectivity asymmetry and nearly all
facets of impulsivity, but in this case only in two specific
areas of prefrontal lobe. Along with the current study results, previously conducted studies suggested that positive urgency and lack of premeditation were associated
with greater relative left frontal asymmetry (3, 19, 22), however, the current study by concentration on the connectivity asymmetry of FP1 and Fp2 areas observed a negative relationship between positive urgency and beta wave as well
as a negative relationship between this wave and lack of
premeditation in the same eye condition suggesting that
these two facets of impulsivity may be controlled by the
same process in the three core personality system.
Beta rhythms in EEG refer to “fast” frequencies and normally increase during mental activation. Increased power
in beta frequencies is one of the bioelectrical landmarks
of anxiety. Increased beta oscillations are observed in
normal subjects during states of induced anxiety as compared with relaxation (25), as well as in anxiety disorders
(26). Thus, it may be speculated that the relationship between beta asymmetry and facets of positive urgency can
be caused by anxiety.
Another interesting finding showed a positive relationship between negative urgency and delta waves in closed
eye condition, which provided more support for a previous study (12) suggesting a positive relationship between
higher delta activity and risk-taking behaviors. The delta
wave is a restorative rest state for the brain, but if excessively present during awake states, it can interfere with
cognitive and emotional processing. It appears that the increased delta in one hemisphere compared with the other
can block logical thinking and ultimately, result in impulsivity.
The last significant relationship in the current study
was observed between high beta activity in closed eye condition and lack of perseverance; this relationship was also
negative.
Along with this finding (5), a significant relationship
was reported between greater relative frontal asymmetry
3
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Sensation
seeking

Lack of
perseverance

Lack of
Premeditation

Negative
urgency

0.07

0.06

0.11

- 0.13

0.37**

Delta
(C)

0.06

0.13

0.04

0.04

0.15

Theta
(C)

-0.09

-0.08

0.04

-0.15

0.11

Alpha
(C)

0.02

0.07

-0.13

0.09

0.01

Beta (C)

0.05

0.04

-0.24

0.06

0.02

High
Beta(C)

0.04

0.08

0.09

-0.09

0.10

Alpha 1
(C)

0.13

-0.09

0.17

0.03

0.06

Alpha 2
(C)

0.09

0.14

-0.08

0.16

0.12

Beta 1
(C)

0.05

0.06

0.15

0.04

0.12

Beta 2
(C)

0.15

0.13

0.04

0.13

0.08

Beta 3
(C)

-0.14

0.04

0.02

0.01

0.06

Delta
(O)

Table 3. Pearson Correlation Matrix Between the Study Variablesa

Positive
urgency

Abbreviations: C, closed eye condition; O, open eye condition.
a * Correlation is significant at 0.05 (2-tailed), ** Correlation Is significant at 0.01 (2-tailed).

and lack of perseverance. These results were consistent
with those of previous studies related to activation of PFC
neurons to inhibit impulsive behavior. More elevated beta
and high beta-gamma amplitude at location Fp1 than Fp2
are necessary for forethought and perseverance; since the
left hemisphere has an important role in this performance.
The low asymmetry between Fp1 and Fp2 in high beta indicate the poor activation of the left hemisphere, something
that can lead to impulsivity.
Consequently, some of the limitations of the current
study include using only the self-report scale to assess impulsivity traits and more importantly restriction of participants to non-clinical people, thus, it is hoped that in
the forthcoming studies, researchers replicate the current
study by clinical samples, especially by patients struggling
with impulsivity control disorder. Also, it is noteworthy
that the current study was descriptive; therefore, it did not
provide a causal relationship between variables.
In conclusion, the results of the current study were
consistent with prior findings highlighting the importance of the high beta and low delta activities in the prefrontal lobe in impulsive behaviors. These results suggested that besides the important role that prefrontal lobe
played in the executive functions and all three core personality systems, it also had an important role in regulating impulsive behaviors via the inhibition system. And this
idea was supported by correlation of different dimensions
of impulsivity traits by FP1 and Fp2 areas in the prefrontal
lobe.
Supplementary Material

0.07

0.07

-0.09

0.07

0.09

Theta
(O)

0.06

0.05

0.14

0.04

0.13

Alpha
(O)

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal website and open PDF/HTML].

Beta (O)

0.10

-0.03

0.04

0.14

-0.23**

Acknowledgments
None declared.

-0.09

High
Beta(O)

0.08

0.13

0.05

0.01

Footnotes
Alpha 1
(O)

0.18

0.13

0.08

-0.08

0.07
0.02

0.02

0.05

0.05

0.04

Alpha 2
(O)

0.10

0.17

0.14

-0.23**

0.14

Beta 1
(O)

0.07

0.00

-0.06

0.02

0.09

Beta 2
(O)

0.03

-0.10

0.08

0.04

0.06

Beta 3
(O)

4

Authors’ Contribution: None declared.
Conflct of Interests: None declared.
Funding/Support: None declared.

References
1. Barratt ES. Impulsiveness and aggression. in J. Monohan & H.J. Steadman
(Eds),Violence and mental disorder: Developments in risk assessment.
Chicago: University of Chicago Press; 1994. p. 61–79.

Int J High Risk Behav Addict. 2018; 7(3):e58637.

Basharpoor S et al.

2. Enticott PG, Ogloff JR, Bradshaw JL. Associations between laboratory
measures of executive inhibitory control and self-reported impulsivity. Personality and Individual Differences. 2006;41(2):285–94. doi:
10.1016/j.paid.2006.01.011.
3. Gable PA, Mechin NC, Hicks JA, Adams DL. Supervisory control system
and frontal asymmetry: neurophysiological traits of emotionbased impulsivity. Soc Cogn Affect Neurosci. 2015;10(10):1310–5.
doi: 10.1093/scan/nsv017. [PubMed: 25678550]. [PubMed Central:
PMC4590529].
4. Mechin N, Gable PA, Hicks JA. Frontal asymmetry and alcohol cue
reactivity: Influence of core personality systems. Psychophysiology.
2016;53(8):1224–31. doi: 10.1111/psyp.12659. [PubMed: 27095176].
5. Neal LB, Gable PA. Neurophysiological markers of multiple facets of impulsivity. Biol Psychol. 2016;115:64–8. doi:
10.1016/j.biopsycho.2016.01.006. [PubMed: 26808340].
6. Carver CS, Scheier MF. Feedback processes in the simultaneous regulation of action and affect. Handbook Motivat Sci. 2008:308–24.
7. Depue RA, Collins PF. Neurobiology of the structure of personality:
dopamine, facilitation of incentive motivation, and extraversion. Behav Brain Sci. 1999;22(3):491–517. discussion 518-69. [PubMed: 11301519].
8. Fowles DC. Application of a behavioral theory of motivation to the
concepts of anxiety and impulsivity. Journal of Research in Personality.
1987;21(4):417–35. doi: 10.1016/0092-6566(87)90030-4.
9. McNaughton N, Gray JA. Anxiolytic action on the behavioural inhibition system implies multiple types of arousal contribute to anxiety. Journal of Affective Disorders. 2000;61(3):161–76. doi: 10.1016/s01650327(00)00344-x.
10. Gray JA. The psychophysiological basis of introversion-extraversion.
Behaviour Research and Therapy. 1970;8(3):249–66. doi: 10.1016/00057967(70)90069-0.
11. Gray JA. The psychology of fear and stress. CUP Archive; 1987. p. 86–33387.
12. Aron AR, Robbins TW, Poldrack RA. Inhibition and the right inferior
frontal cortex: one decade on. Trends Cogn Sci. 2014;18(4):177–85. doi:
10.1016/j.tics.2013.12.003. [PubMed: 24440116].
13. Carver CS, Connor-Smith J. Personality and coping. Annu Rev Psychol. 2010;61:679–704. doi: 10.1146/annurev.psych.093008.100352.
[PubMed: 19572784].
14. Kochanska G, Knaack A. Effortful control as a personality characteristic of young children: antecedents, correlates, and consequences. J
Pers. 2003;71(6):1087–112. [PubMed: 14633059].
15. Nigg JT. Temperament and developmental psychopathology. J
Child Psychol Psychiatry. 2006;47(3-4):395–422. doi: 10.1111/j.1469-

Int J High Risk Behav Addict. 2018; 7(3):e58637.

7610.2006.01612.x. [PubMed: 16492265].
16. Gable PA, Harmon-Jones E. Approach-motivated positive affect
reduces breadth of attention. Psychol Sci. 2008;19(5):476–82. doi:
10.1111/j.1467-9280.2008.02112.x. [PubMed: 18466409].
17. Gianotti LR, Knoch D, Faber PL, Lehmann D, Pascual-Marqui RD, Diezi
C, et al. Tonic activity level in the right prefrontal cortex predicts individuals’ risk taking. Psychol Sci. 2009;20(1):33–8. doi: 10.1111/j.14679280.2008.02260.x. [PubMed: 19152538].
18. Hester R, Garavan H. Neural mechanisms underlying drug-related
cue distraction in active cocaine users. Pharmacol Biochem Behav.
2009;93(3):270–7. doi: 10.1016/j.pbb.2008.12.009. [PubMed: 19135471].
19. Schiller B, Gianotti LR, Nash K, Knoch D. Individual differences in
inhibitory control–relationship between baseline activation in lateral PFC and an electrophysiological index of response inhibition.
Cereb Cortex. 2014;24(9):2430–5. doi: 10.1093/cercor/bht095. [PubMed:
23588188].
20. Lynam DR, Miller JD, Miller DJ, Bornovalova MA, Lejuez C. Testing the
relations between impulsivity-related traits, suicidality, and nonsuicidal self-injury: a test of the incremental validity of the UPPS model.
Pers Disord Theo Res Treatment. 2011;2(2):151.
21. Grimshaw GM, Carmel D. An asymmetric inhibition model of hemispheric differences in emotional processing. Lateralizat Cognitiv Sys.
2015;5(2014):308.
22. Santesso DL, Segalowitz SJ, Ashbaugh AR, Antony MM, McCabe RE, Schmidt LA. Frontal EEG asymmetry and sensation
seeking in young adults. Biol Psychol. 2008;78(2):164–72. doi:
10.1016/j.biopsycho.2008.02.003. [PubMed: 18367308].
23. Lynam DR, Smith GT, Whiteside SP, Cyders MA. The UPPS-P: Assessing five personality pathways to impulsive behavior (tech. rep.). West
Lafayette, IN: Purdue University; 2006.
24. Lynam DR, Miller JD. Personality Pathways to Impulsive Behavior and
Their Relations to Deviance: Results from Three Samples. Journal of
Quantitative Criminology. 2004;20(4):319–41. doi: 10.1007/s10940-0045867-0.
25. Isotani T, Tanaka H, Lehmann D, Pascual-Marqui RD, Kochi K, Saito
N, et al. Source localization of EEG activity during hypnotically induced anxiety and relaxation. International Journal of Psychophysiology. 2001;41(2):143–53. doi: 10.1016/s0167-8760(00)00197-5.
26. Sachs G, Anderer P, Dantendorfer K, Saletu B. EEG mapping in
patients with social phobia. Psychiatry Res. 2004;131(3):237–47. doi:
10.1016/j.pscychresns.2003.08.007. [PubMed: 15465293].

5

