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“Returning violence for violence multiplies violence, adding deeper darkness to a 
night already devoid of stars.” – Martin Luther King, Jr. 

HEN our students suffer school violence, we often subconsciously 
focus on the perpetrator’s behavior and other external factors related 

to it, such as family, school, and classmates. Of course, these external rea-
sons are naturally more or less related to the behavior perpetrator’s behavior, 
but are there any internal driving factors that make violence uncontrollable? 

The US Department of Justice released the final report on school vio-
lence and showed that middle school is the age when violence is high, ac-
counting for more than 70% of all violence cases (Figure 1A) (Zweig et al., 
2013). After having perpetrated, the probability that the perpetrator will 
commit violence again will increase significantly (Office of the Surgeon 
General, et al., 2001). Among all perpetrators, the male to female ratio is 3:1, 
indicating that boys are more likely to perpetrate violence, but female vio-
lence methods and behaviors are more cruel and disgusting (Rivera-Rivera et 
al., 2007). In the later review of the perpetrators, almost 100% admitted that 
they were unable to control their violent behavior at that time and seemed to 
have an invisible impulse to urge them to commit violence, and even when 
they knew the harm of the violent behavior, they still committed violence 
without scruples (Figure 1B) (Willems et al., 2018). This indicates that 
among the 30% of middle school students prone to violence, the underlying 
age-related neuroendocrine changes are most likely to be the driving force 
leading to violence. 
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Figure 1. Distribution of School Violence and Self-
Control Ability in Students. 

(A). Percentage of school violence in different school students. Middle 
school students have the highest percentage of school violence. (B). Self-
control percentage of overall school violence and in perpetrators. The 
overall self-control increases with students’ aging, but for the perpetra-
tors, their self-control is extremely low in all age groups. 
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Figure 2. Arbitrary Probability of School Violence and 
Self-Control in Middle School Students. 

(A). The arbitrary probability of school violence with the changes of tes-
tosterone, cortisol, and midbrain dopamine. Testosterone and cortisol 
show a positive correlation with the potential school violence, but dopa-
mine, on the contrary, has a negative correlation with the possible violent 
behavior in middle school students. (B). The arbitrary probability of stu-
dent self-control ability and the changes in testosterone, cortisol, and 
midbrain dopamine. Unlike violent behavior, self-control is negatively cor-
related with testosterone and cortisol levels but positively with the mid-
brain dopamine. 
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Figure 3. Neurobehavioral Network Regulation of School 
Violence in Adolescence. 

This is the underlying neurobehavioral connection among testosterone, 
cortisol, and dopamine in adolescence with school violence. A sharp in-
crease in testosterone in adolescence markedly promotes the up-
regulation of dopamine in the prefrontal cortex to arouse the sexual drive, 
but down-regulation of dopamine in the midbrain such as substantia nigra 
and ventral tegmental area to seek the reward sensation, i.e., sensation 
seeking. Simultaneously, testosterone significantly increases cortisol to 
help the student ready for a stressful situation and/or fight. Both these 
two conditions would substantially reduce students’ self-control ability, 
leading to dominance, social challenge, and aggression under various 
environments that will eventually get into a vicious cycle expressed as 
repeated humiliation, bullying, or violence at school. Meanwhile, any 
events that can block adolescent sexual satisfaction would negatively 
affect the sexual arousal level regulated by a high level of dopamine in 
the prefrontal cortex. Subsequently, the student would get into a state of 
severe behavioral reward deficiency, which would significantly elevate the 
sensation-seeking behavior that further decreases the self-control level. 
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With the increase in awareness, in-depth research on middle school stu-
dents’ high violent behavior began to pay attention to the students’ potential 
physiological and brain neurotransmitter changes. Among them, “Reward 
Deficiency” reasonably emphasizes how the lack of endogenous rewards and 
positive emotions causes individuals to seek rewards from the external envi-
ronment through risk-taking behaviors (Blum et al., 2008). The underlying 
behavioral, molecular mechanism that promotes this is reducing the cerebral 
striatum and prefrontal cortex dopamine neurons (Blum et al., 2012; 
Modestino et al., 2015). However, what is more interesting is that the levels 
of male hormones in adolescent middle school students soared, which caused 
an increase in dopamine levels in the critical part of sexual arousal of the pre-
frontal cortex (Calabrò et al., 2019), while the substantia nigra striatum and 
ventral tegmental area dopamine that regulate rewards were down-regulated 
(Figure 2A) (Purves-Tyson et al., 2014). The direct result of this change is 
that sexual arousal is high while the sense of reward is low; the imbalance 
between the two will cause the individual to seek reward after the satisfaction, 
which will lead to a reduction in their control to achieve dominance, and then 
take dangerous challenging and even aggressive behavior (Chester et al., 
2015). At this time, if any incident in his/her peers that he considers undesir-
able will arouse his impulse to commit violence, and this impulse will be 
temporarily terminated with the gratifying reward after his violence (Figure 

2B) (Jarcho et al., 2013). However, the violence itself does not stop there but 
repeats like an addiction. 

Further research found that testosterone can significantly increase the 
level of cortisol (Romero-Martínez & Moya-Albiol, 2016; Turan et al., 2015; 
van der Meij et al., 2019), while cortisol, which is used as a preparation for 
stress and combat, reduces the level of dopamine in the midbrain (Field et al., 
2005; Kudielka et al., 2009). The increased cortisol makes the individual 
ready to fight, but it still lacks the sense of reward, making the individual’s 
self-control frustrated and entering a state of fighting for rewards. Not only 
that, the facts may be more severe than this. When an individual’s sexual de-
sire cannot be satisfied due to specific events, it will enter a more severe state 
of lack of behavioral rewards, which will make its impulse to seek rewards 
more obvious, accompanied by a further decline in self-control, and eventu-
ally commit violence to achieve individual rewarding satisfaction. The de-
tailed neurobehavioral network regulation is depicted in Figure 3. 

In this issue, He (2020) used his experiments and observations and 
found that more than 90% of his middle school students’ violent incidents 
were caused by conflicts in adolescent men and women’s communication 
behaviors. The reason is the neurobehavioral performance caused by the in-
dividual’s testosterone level changes. The author found that activities high-
intensity training characteristics can satisfy students’ lack of behavioral re-
wards in another way, thus interrupting the vicious circle of school violence. 
This school approach has achieved the effect of killing two birds with one 
stone. On the one hand, it reduces school violence; on the other hand, it en-
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hances the individual’s team consciousness and physical fitness. This is a 
feasible approach worth promoting. 

School violence intervention based on neuroendocrine mechanisms may 
be more effective than other external factors (Rivara et al., 2016). It is of 
greater practical significance to use the interactive network formed between 
testosterone, cortisol, and dopamine at different brain center sites as the tar-
get of intervention. 

 
 
 
 
 
 
 

References 

Blum, K., Chen, A.L., Chen, T.J., Braverman, E.R., Reinking, J., Blum, S.H., Cassel, K., 
Downs, B.W., Waite, R.L., Williams, L., Prihoda, T.J., Kerner, M. M., Palomo, T., 
Comings, D.E., Tung, H., Rhoades, P., & Oscar-Berman, M. (2008). Activation in-
stead of blocking mesolimbic dopaminergic reward circuitry is a preferred modali-
ty in the long term treatment of reward deficiency syndrome (RDS): A commentary. 
Theoretical Biology & Medical Modelling, 5:24. DOI: 
https://doi.org/10.1186/1742-4682-5-24  

Blum, K., Gardner, E., Oscar-Berman, M., & Gold, M. (2012). “Liking” and “wanting” 
linked to Reward Deficiency Syndrome (RDS): hypothesizing differential 
responsivity in brain reward circuitry. Current Pharmaceutical Design, 18(1):113-
118. DOI: https://doi.org/10.2174/138161212798919110  

Calabrò, R.S., Cacciola, A., Bruschetta, D., Milardi, D., Quattrini, F., Sciarrone, F., la Ro-
sa, G., Bramanti, P., & Anastasi, G. (2019). Neuroanatomy and function of human 
sexual behavior: A neglected or unknown issue?. Brain and Behavior, 
9(12):e01389. DOI: https://doi.org/10.1002/brb3.1389  

Chester, D.S., DeWall, C.N., Derefinko, K.J., Estus, S., Lynam, D.R., Peters, J.R., & 
Jiang, Y. (2016). Looking for reward in all the wrong places: Dopamine receptor 
gene polymorphisms indirectly affect aggression through sensation-seeking. Social 
Neuroscience, 11(5):487-494. DOI: 
https://doi.org/10.1080/17470919.2015.1119191  

Field, T., Hernandez-Reif, M., Diego, M., Schanberg, S., & Kuhn, C. (2005). Cortisol de-
creases and serotonin and dopamine increase following massage therapy. The In-
ternational Journal of Neuroscience, 115(10):1397-1413. DOI: 
https://doi.org/10.1080/00207450590956459  

He, D. (2020). The culprit hormone: The physiological origin of school violence amidst 
middle school students. Science Insights Education Frontiers, 7(1):761-773. DOI: 
https://doi.org/10.15354/sief.20.or040  

Jarcho, J.M., Leibenluft, E., Walker, O. L., Fox, N.A., Pine, D.S., & Nelson, E.E. (2013). 
Neuroimaging studies of pediatric social anxiety: paradigms, pitfalls and a new di-
rection for investigating the neural mechanisms. Biology of Mood & Anxiety Dis-
orders, 3:14. DOI: https://doi.org/10.1186/2045-5380-3-14  

https://doi.org/10.1186/1742-4682-5-24
https://doi.org/10.2174/138161212798919110
https://doi.org/10.1002/brb3.1389
https://doi.org/10.1080/17470919.2015.1119191
https://doi.org/10.1080/00207450590956459
https://doi.org/10.15354/sief.20.or040
https://doi.org/10.1186/2045-5380-3-14


 

SIEF, Vol.7, No.1, 2020 733 

Kudielka, B.M., Hellhammer, D.H., & Wüst, S. (2009). Why do we respond so differently? 
Reviewing determinants of human salivary cortisol responses to challenge. 
Psychoneuroendocrinology, 34(1):2-18. DOI: 
https://doi.org/10.1016/j.psyneuen.2008.10.004  

Modestino, E.J., Blum, K., Oscar-Berman, M., Gold, M.S., Duane, D.D., Sultan, S., & 
Auerbach, S.H. (2015). Reward deficiency syndrome: Attentional/arousal subtypes, 
limitations of current diagnostic nosology, and future research. Journal of Reward 
Deficiency Syndrome, 1(1):6-9. DOI: https://doi.org/10.17756/jrds.2015-002  

Office of the Surgeon General (US); National Center for Injury Prevention and Control 
(US); National Institute of Mental Health (US); Center for Mental Health Services 
(US). (2001). Youth Violence: A Report of the Surgeon General. Rockville (MD): 
Office of the Surgeon General (US); Chapter 4: Risk factors for youth violence. 
Available from: https://www.ncbi.nlm.nih.gov/books/NBK44293/  

Purves-Tyson, T.D., Owens, S.J., Double, K.L., Desai, R., Handelsman, D.J., & Weickert, 
C.S. (2014). Testosterone induces molecular changes in dopamine signaling path-
way molecules in the adolescent male rat nigrostriatal pathway. PloS One, 
9(3):e91151. DOI: https://doi.org/10.1371/journal.pone.0091151  

Rivara, F., Le Menestrel, S., Committee on the Biological and Psychosocial Effects of 
Peer Victimization: Lessons for Bullying Prevention, Board on Children, Youth, 
and Families, Committee on Law and Justice, Division of Behavioral and Social 
Sciences and Education, Health and Medicine Division, & National Academies of 
Sciences, Engineering, and Medicine (Eds.). (2016). Preventing bullying through 
science, policy, and practice. National Academies Press (US). Last accessed at: Oc-
tober 25, 2020. Available From: https://pubmed.ncbi.nlm.nih.gov/27748087/  

Rivera-Rivera, L., Allen-Leigh, B., Rodríguez-Ortega, G., Chávez-Ayala, R., & Lazcano-
Ponce, E. (2007). Prevalence and correlates of adolescent dating violence: baseline 
study of a cohort of 7,960 male and female Mexican public school students. Pre-
ventive Medicine, 44(6):477-484. DOI: 
https://doi.org/10.1016/j.ypmed.2007.02.020  

Romero-Martínez, Á., & Moya-Albiol, L. (2016). The use of testosterone/cortisol ratio in 
response to acute stress as an indicator of propensity to anger in informal caregiv-
ers. The Spanish Journal of Psychology, 19:E48. DOI: 
https://doi.org/10.1017/sjp.2016.62  

Turan, B., Tackett, J.L., Lechtreck, M.T., & Browning, W.R. (2015). Coordination of the 
cortisol and testosterone responses: A dual axis approach to understanding the re-
sponse to social status threats. Psychoneuroendocrinology, 62:59-68. DOI: 
https://doi.org/10.1016/j.psyneuen.2015.07.166  

van der Meij, L., Demetriou, A., Tulin, M., Méndez, I., Dekker, P., & Pronk, T. (2019). 
Hormones in speed-dating: The role of testosterone and cortisol in attraction. Hor-
mones and Behavior, 116:104555. DOI: 
https://doi.org/10.1016/j.yhbeh.2019.07.003  

Willems, Y.E., Li, J.B., Hendriks, A.M., Bartels, M., & Finkenauer, C. (2018). The rela-
tionship between family violence and self-control in adolescence: A multi-level 
meta-analysis. International Journal of Environmental Research and Public Health, 
15(11):2468. DOI: https://doi.org/10.3390/ijerph15112468  

Zweig, J.M., Dank, M., Lachman, P., & Yahner, J. (2013). Technology, teen dating vio-
lence and abuse, and bullying. Last accessed at: October 25, 2020. Available from: 
https://www.ncjrs.gov/pdffiles1/nij/grants/243296.pdf  

https://doi.org/10.1016/j.psyneuen.2008.10.004
https://doi.org/10.17756/jrds.2015-002
https://www.ncbi.nlm.nih.gov/books/NBK44293/
https://doi.org/10.1371/journal.pone.0091151
https://pubmed.ncbi.nlm.nih.gov/27748087/
https://doi.org/10.1016/j.ypmed.2007.02.020
https://doi.org/10.1017/sjp.2016.62
https://doi.org/10.1016/j.psyneuen.2015.07.166
https://doi.org/10.1016/j.yhbeh.2019.07.003
https://doi.org/10.3390/ijerph15112468
https://www.ncjrs.gov/pdffiles1/nij/grants/243296.pdf


 

SIEF, Vol.7, No.1, 2020 734 

 
Correspondence to:  

Fuzhou Wang, M.D., Ph.D. 
Group of Neuropharmacology and Neurophysiology 

Division of Neuroscience 
The Bonoi Academy of Science and Education 

 Chapel Hill, NC 27510 
USA 

Email: fred.wang@basehq.org. 
 

Conflict of Interests: None. 

Doi: 10.15354/sief.20.co002 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


