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The length of the 2nd and 4th fingers (2D:4D) is related to numerous sexually dimorphic behavioral and physiological states. 

Finger lengths vary in males and females and the male 2D:4D average is than the female 2D:4D. Evidence has been found in 

recent studies reflecting that the lengths of the second and fourth fingers correlate negatively with prenatal testosterone and 

positively with prenatal estrogen. The study aims to examine the correlation between the sex role of the physical education 

prospective teachers and the ratio of the second and fourth fingers (2D:4D). In this study, the 2D:4D ratio was measured on 

samples consisting of 105 female and 65 male university students. Participants were given and completed the Bem Sex Role 

Inventory (BSRI). It has been found that low 2D:4D ratios in males significantly correlate to high masculinity type tendency 

scores on the BSRI, and that the 2D:4D ratio in females is not a determinant of femininity or masculinity type personality-based 

sex role identities. This study revealed that the BSRI and the 2D: 4D ratio differed by sex roles in males and 2D:4D ratio for 

males can be considered as an indicator of tendency towards masculinity type personality. 
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INTRODUCTION 

 

In humans, the length ratio of the index and ring finger 

(2D:4D) is called sexually dimorphic trait. On average, males 

have shorter 2D:4D ratio than females. The difference in digit 

ratios starts to be observable in two-year-old children 1. This 

variation in the 2D:4D ratio emerges during the fetal develop-

mental period. The development of the fingers is completed in 

the uterus until the 13th week and remains stable after this   

period 2-4. Studies have recently focused on examining the digit 

ratio averages and the correlation in humans, especially the 

second and fourth fingers (2D:4D). It has been suggested that 

the 2D:4D ratio in humans is a sexually dimorphic feature. This 

difference in digit ratio is associated with the                       

androgen-estrogen balance in the uterus. It is said that the 

2D:4D ratio correlates negatively with prenatal testosterone 

level 5, 6. Direct correlation between fetal testosterone and the 

2D:4D by analyzing the amniotic fluid supports this hypothesis 

7. In females, although it slightly differs, the index finger (2D, 

second finger) has almost the same length as the fourth finger 

(4D). In males, the index finger is ordinarily shorter than the 

fourth. It is suggested that the 2D:4D ratio reflects the exposure 

to prenatal androgen and the androgen sensibility 5, 8. It was 

found that the 2D:4D ratio becomes apparent when the human 

is two years old 1, 9. According to 'the Manning hypothesis', the 

2D:4D ratio of a human hand is a sexually dimorphic feature. 

In males, the fourth finger tends to be longer than the second 

(2D:4D ≤ 1), but in females, both tend to be equal 1, 10. It is still 

uncertain that whether prenatal androgen and estrogen play a 

causal role in sexual dimorphism of the 2D:4D ratio and how 

these sex-based steroids affect finger development mechanisms 

6. 

 These biological markers are common to a great    

extend in humans, with the sex difference in the 2D:4D ratio 

varying slightly or mediocre only. It was set forth by a large 

number of physiological and psychological study results on the 

2D:4D digit ratio that it is associated with several matters such 

as autism and left handedness 7, aggression 11, depression 12, 

locus of control 13, academic achievement 14, muscular         

endurance 15, ability to sports 16, handgrip strength 17, sex role 

identity 18, personality 19, and age of pubertal onset 20. 

 Masculine and feminine type dimensions of            

personality can be defined according to the scores of their     
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self-reported masculine and feminine gender-role identity 

scale. Males commonly demonstrate more ambitious and    

competitive behaviors, while females set out more attentive 

and socially agreeable behaviors 18. 

 Currently, there haven’t been found any information 

on the 2D:4D and the gender role in physical education       

prospective teachers. In sum, the study sought to examine the 

relationship between the self-reported sexual-role identity 

(Bem Sex Role Inventory) and the 2D:4D ratio. At the same 

time, we intended to assert the sexual dimorphism of the 

2D:4D ratio and sex roles of males and females, and the       

relationship between these two concepts. Our hypothesis is, by 

predicating on the previous findings on the research subject, 

that the low 2D:4D ratio in males is associated with the gender 

role identity 18, 21-24, and that the gender-based 2D:4D ratio  

finger length differs more in right hand 5, 25. 

 

METHODS and MATERIALS  

 

Ethical approval 

This study was approved by the non-clinical research ethical 

committee of the Kahramanmaras Sutcu Imam University 

(Ethical protocol: P043-07) (20070202). 

 

Participants 

A hundred and five female and sixty-five male physical       

education prospective teachers participated in the study. They 

were aged between 18 and 28 with an average of 20.75±1.56 

years. Subjects' heights (M= 169.86±7.28 cm) and weights 

(M= 64.67±8.78 kg) were also recorded. Volunteers were   

interviewed to ensure that they were physically fit and had no 

psychiatric or neurological illness. The participants were fully 

informed about the purpose of the study and both signed an 

informed consent prepared according to the ethical standards 

laid down in the Declaration of Helsinki (revision 2013). 

 

Measurement of second to fourth digit ratio (2D:4D) 

The second and fourth finger lengths and the distance between 

the baseline of the palm and the pulp in the proximal region 

were measured with the Digital Vernier Caliper with an       

accuracy of 0.01 mm 1, 26. The 2D:4D ratio was determined by 

dividing the second finger length by the fourth finger length 27.  

 

Measurement of sex-role identity 

Participants completed the BSRI. The BSRI was developed to 

measure individual personality traits related to masculinity and 

femininity 28, 29. There are 60 Likert-type items (ranging from 

"never true" and "almost never true" to "always true" and 

"almost always true") in the BSRI (20 related to femininity, 20 

to masculinity, and 20 non-sexual). A 40-item part of the scale 

on femininity and masculinity was used in this study. The   

validity and reliability study of the BSRI was adapted to Turk-

ish by 30. The Cronbach alpha coefficient was 0.73 for the   

femininity scale and 0.75 for the masculinity scale. Our re-

search showed a good internal reliability (0.7 for femininity, 

0.82 for masculinity). 

 

Statistical analyses 

The data were analyzed using the IBM SPSS Statistics version 

22. Normality of distribution was analyzed using the           

Kolmogorov Smirnov test and normal distribution was found 

to be appropriate. The paired t-test was used to compare 2D:4D 

ratio average of left and right hands (see Table 1) and sex roles 

(femininity-masculinity) scores as dependent variables (see 

Table 2). The unpaired t-test was used to compare 2D:4D ratio 

average of left and right hands and sex roles                

(femininity-masculinity) averages according to sexes (see   

Table 3). Pearson correlation analysis was performed between 

the 2D:4D ratios of both hands and sex roles. The alpha level 

for statistical significance was set at P ≤ 0.05. Effect dimen-

sions were calculated by Cohen'd (d) 31. 

 

RESULTS 

A paired t-test was performed to analyze the difference        

between sex-role types by sex. A statistically significant      

difference was found between the femininity and masculinity 

averages of females (t(104)=9.583; p<0.05). The difference was 

medium effect according to 31 (Cohen's d=.72). However, no 

statistically significant difference was found between the     

masculinity (M=5.62±0.45) and femininity (M=5.68±0.6) aver-

ages of males (t(64)=-.66; p>0.05) (see Table 1). 

BSRI M SD t P Cohen's d 

F-Masculinity 5.66 0.52 -9.583 <0.000 -0.72 

F-Femininity 5.09 0.58       

M-Masculinity 5.62 0.45 0.66 >0.5 0.07 

M-Femininity 5.68 0.6       

Table 1. Paired t-test comparison of femininity and masculinity means by 

gender 

Note.Females (F), Males (M), BEM Sex Role Inventory (BSRI), Standard 

Deviations (SD) 
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 As can be seen in Table 2, there was no statistically 

significant difference found in 2D:4D ratio averages of left and 

right hands in both males and females when compared with the 

paired t-test (p>0.05). 

When sexes and right and left hand 2D:4D ratios         

(t(168)= 2.57; p<0.05) of the participants were compared, a          

significant difference was found in the right and left hand 

2D:4D ratios by sex (t(168)= 2.33; p<0.05). The difference in 

both hands have low effects according to 31 (see Table 3). 

When the femininity and masculinity averages of male 

and female participants were compared with the unpaired t-test 

(see Table 3), no statistically significant difference was        

determined in masculinity averages (t(168)=.72; p>0.05), while a 

statistical difference was determined in femininity averages      

(t(168)= 6.18; p<0.05). According to, this difference           

demonstrates the strongest effect among other variables 

(Cohen's d=.97). 

Male sex role scores and 2D:4D ratios of right and left 

hands were compared with Pearson r-test, and masculinity 

scores showed statistically significant correlation with both 

right-hand (r= -.348, p<0.05) and left-hand (r= -.318, p<0.05) 

2D:4D ratios. According to Cohen, this correlation was a medi-

um effect 31. There was no statistically significant relationship 

between sex role scores and right and left hand 2D:4D ratios of 

females (p>0.05; see Fig. 1a, b – 2a, b). 

Digit Ratio Mean SD t P Cohen's d 
F-Right-2D:4D 0.99 0.034 

1.084 >0.28 0.063 
F-Left-2D:4D 0.98 0.033 
M-Right-2D:4D 0.97 0.032 

0.37 >0.7 -0.046 
M-Left-2D:4D 0.974 0.029 

Table 2. Paired t-test comparisons of 2D:4D means and by gender 

Note.Females (F), Males (M), Standard Deviations (SD) 

Table 3. Unpaired t test compar isons female and males sex roles and 

2D:4D mean scores 

  
Males Females       
Mean SD Mean SD t P Cohen's d 

Right-2D:4D 0.97 0.03 0.99 0.03 2.57 <0.011 0.39 
Left-2D:4D 0.97 0.03 0.98 0.03 2.33 <0.02 0.37 
BSRI-Masculinity 5.62 0.45 5.66 0.52 -0.72 >0.47 0.11 
BSRI-Femininity 5.68 0.6 5.09. 58 6.18 <0.000 0.97 

Note. BSRI=BEM Sex Role Inventory, Standard Deviations (SD)  

Figure 1a. The relationship between male r ight hand finger  

length ratios (2D:4D) and femininity scores.  
Figure 1b. The relationship between male r ight hand finger  

length ratios (2D:4D) and masculinity scores.  

Figure 2a. The relationship between female r ight hand finger  

length ratios (2D:4D) and femininity scores.  
Figure 2b. The relationship between female r ight hand finger  

length ratios (2D:4D) and masculinity scores.  
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DISCUSSION 

 

We used the BEM sex role scale in both male and female   

physical education prospective teachers to investigate the     

relationship between sex role and 2D:4D finger length ratio. In 

this study, the dimorphic 2D:4D ratios according to sexual   

orientation in university students was revealed. It was          

determined that there is a correlation between the 2D:4D ratios 

and sex roles accordingly with sex, that, in males, there is a 

negative correlation between masculinity and the right-hand 

2D:4D ratio, but no negative correlation in females. 

While the low 2D:4D ratio is associated with the    

masculine sex role type, it has been shown that the high 2D:4D 

ratio is related to the feminine sex role type and the digit ratio 

is related to various psychological characteristics 32. Females 

with smaller digit ratios were found to have higher masculinity 

scores in the Bem Sex Role Inventory as in the literature 18, 32. 

Males with a smaller 2D:4D ratio were found to be perceived 

as more masculine,  and this situation presents a common     

feature with the literature 33. 

As the conclusion of our study, it was determined that 

males had higher BSRI-Masculinity score and lower BSRI-F 

score compared to females with respect to BSRI-M sex role 

adaptation, and 24 revealed similar results by the findings. 

In predicting human morphology and behavior, it was 

seen that the 2D:4D in the right hand was more specific than 

the 2D:4D in the left hand and revealed more precise           

information about prenatal testosterone levels 1, 9, 10, 21, 34. 

Interestingly, our study revealed that, on the contrary 

of the study of 24 on the correlation between the left-hand 

2D:4D digit ratio and sex role in males, the right-hand digit 

ratio is strongly related to masculinity and sex role, similarly 

with the study of 35. But this case was not associated similarly 

with 24 between females. 

 Earlier studies indicate that masculinity and           

femininity can be at different levels in both males and females. 

The meta-analysis (28 studies from 10 countries, 46%          

unpublished) of the relevant literature showed that, in males, 

only left hand (but not the right hand) reasonably positively 

correlate with the 2D:4D ratio and femininity 32. Kim et al. 

(2014)  reported that right hand has a high sensitivity for       

prenatal androgenes and shows a strong sex variation compared 

to left hand 19. 

The study has some limitations as the male and female 

participants are not equal in numbers and it is only                

implemented on physical education prospective teachers. We 

believe that providing a wider and equal number of male and 

female participants in future studies will enhance the credibility 

of the results. 

 

CONCLUSION 

 

In conclusion, there is no significant correlation     between the 

2D:4D ratios and sex role orientation of females in our study. 

However, a negative correlation was determined in the BSRI-

Masculinity score of 2D:4D ratios of both hands and sex role 

orientation of males, yet there wasn't found a correlation for 

females. 

 

Conflict of interest 

The authors declare that they have no conflict of interest. 

 

REFERENCES 

 
1. Manning JT, Scutt D, Wilson J, Lewis-Jones DI. The ratio of 2nd to 

4th digit length: a predictor of sperm numbers and concentra-

tions of testosterone, luteinizing hormone and oestrogen.     

Human reproduction (Oxford, England). 1998;13(11):3000-4. 

2. Galis F, Ten Broek CM, Van Dongen S, Wijnaendts LC. Sexual 

dimorphism in the prenatal digit ratio (2D:4D). Archives of     

Sexual Behavior. 2010;39(1):57-62. 

3. Jeevanandam S, Muthu PK. 2D:4D Ratio and its Implications in 

Medicine. Journal of Clinical and Diagnostic Research : JCDR. 

2016;10(12):Cm01-cm3. 

4. Trivers R, Manning J, Jacobson A. A longitudinal study of digit 

ratio (2D:4D) and other finger ratios in Jamaican children.      

Hormones and Behavior. 2006;49(2):150-6. 

5. Honekopp J, Watson S. Meta-analysis of digit ratio 2D:4D shows 

greater sex difference in the right hand. American journal of 

human biology : The Official Journal of The Human Biology     

Council. 2010;22(5):619-30. 

6. Zheng Z, Cohn MJ. Developmental basis of sexually dimorphic 

digit ratios. Proceedings of the National Academy of Sciences of 

the United States of America. 2011;108(39):16289-94. 

7. Lutchmaya S, Baron-Cohen S, Raggatt P, Knickmeyer R, Manning 

JT. 2nd to 4th digit ratios, fetal testosterone and estradiol. Early 

Human Development. 2004;77(1-2):23-8. 

8. Manning JT. Resolving the role of prenatal sex steroids in the 

development of digit ratio. Proceedings of the National Academy 

of Sciences of the United States of America. 2011;108(39): 16143

-4. 



 214 

 

9. Williams TJ, Pepitone ME, Christensen SE, Cooke BM, Huberman 

AD, Breedlove NJ, et al. Finger-length ratios and sexual           

orientation. Nature. 2000;404(6777):455-6. 

10. Manning JT, Barley L, Walton J, Lewis-Jones DI, Trivers RL, Singh 

D, et al. The 2nd:4th digit ratio, sexual dimorphism, population 

differences, and reproductive success. evidence for sexually 

antagonistic genes? Evolution and human behavior : Official   

Journal of the Human Behavior and Evolution Society. 2000;21

(3):163-83. 

11. Bailey AA, Hurd PL. Finger length ratio (2D:4D) correlates with 

physical aggression in men but not in women. Biological        

Psychology. 2005;68(3):215-22. 

12. Bailey AA HP. Depression in men is associated with more        

feminine finger length ratios. Personality Individual Differences. 

2005;39:829-36. 

13. Richards G, Stewart-Williams S, Reed P. Associations between 

digit ratio (2D:4D) and locus of control. Personality and           

Individual Differences. 2015;83:102-5. 

14. Brosnan M, Gallop V, Iftikhar N, Keogh E. Digit ratio (2D:4D), 

academic performance in computer science and                       

computer-related anxiety. Personality and Individual           

Differences. 2011;51(4):371-5. 

15. Mohammad K, Mahdi B, Babak F, Amirbahador D, Hamid A-A. 

The Second to Fourth Digit Ratio in Elite and Non-Elite            

Greco-Roman Wrestlers. Journal of Human Kinetics. 2017;60

(1):145-51. 

16. Tamiya R, Lee SY, Ohtake F. Second to fourth digit ratio and the 

sporting success of sumo wrestlers. Evolution and Human       

Behavior. 2012;33(2):130-6. 

17. Nanda B, Samanta PP. The second to fourth digit ratio: a       

measure of hand grip strength? International Journal of          

Advances in Medicine. 2017;4(5):5. 

18. Csatho A, Osvath A, Bicsak E, Karadi K, Manning J, Kallai J. Sex 

role identity related to the ratio of second to fourth digit length 

in women. Biological Psychology. 2003;62(2):147-56. 

19. Kim Y, Kim K, Kim TH. Domain specific relationships of 2D:4D 

digit ratio in risk perception and risk behavior. The Journal of 

General Psychology. 2014;141(4):373-92. 

20. Gooding DC, Chambers BH. Age of pubertal onset and 2nd to 4th 

digit ratios: Preliminary findings. Early Human Development. 

2018;116:28-32. 

21. Zhao D, Li B, Yu K, Zheng L. Digit ratio (2D:4D) and handgrip 

strength in subjects of Han ethnicity: impact of sex and age. 

American Journal of Physical Anthropology. 2012;149(2):266-71. 

22. Fink B, Thanzami V, Seydel H, Manning JT. Digit ratio and       

hand-grip strength in German and Mizos men: cross-cultural 

evidence for an organizing effect of prenatal testosterone on 

strength. American Journal of Human Biology : The Official    

Journal of The Human Biology Council. 2006;18(6):776-82. 

23. Hone LSE, McCullough ME. 2D:4D ratios predict hand grip 

strength (but not hand grip endurance) in men (but not in    

women). Evolution and Human Behavior. 2012;33(6):780-9. 

24. Rammsayer TH TS. Sexual dimorphism in second-to-fourth digit 

ratio and its relation to gender-role orientation in males and 

females. Personality and Individual Differences. 2007;42:911-20. 

25. Wallen K. Does finger fat produce sex differences in second to 

fourth digit ratios? Endocrinology. 2009;150(11):4819-22. 

26. Hull MJ, Schranz NK, Manning JT, Tomkinson GR. Relationships 

between digit ratio (2D:4D) and female competitive rowing   

performance. American Journal of Human Biology : The Official 

Journal of the Human Biology Council. 2015;27(2):157-63. 

27. Manning JT, Hill MR. Digit ratio (2D:4D) and sprinting speed in 

boys. American Journal of Human Biology : The Official Journal 

of the Human Biology Council. 2009;21(2):210-3. 

28. Bem SL. The measurement of psychological androgyny. Journal 

of Consulting and Clinical Psychology. 1974;42(2):155-62. 

29. SL. B. Gender schema theory: A cognitive account of sex typing. 

Psychological Review. 1981;88:354-64. 

30. An. K. The study of adaptation of Bem Sex Role Inventory to 

Turkish. Hacetepe University. 1987. 

31. Cohen J. A power primer. Psychological Bulletin. 1992;112

(1):155-9. 

32. Voracek M, Pietschnig J, Nader IW, Stieger S. Digit ratio (2D:4D) 

and sex-role orientation: Further evidence and meta-analysis. 

Personality and Individual Differences. 2011;51(4):417-22. 

33. Neave N, Laing S, Fink B, Manning JT. Second to fourth digit   

ratio, testosterone and perceived male dominance. Proceedings 

of the Royal Society B: Biological Sciences. 2003;270(1529):2167-

72. 

34. Honekopp J, Bartholdt L, Beier L, Liebert A. Second to fourth 

digit length ratio (2D:4D) and adult sex hormone levels: new 

data and a meta-analytic review. Psychoneuroendocrinology. 

2007;32(4):313-21. 

35. Barrett CK, Case DT. Use of 2D:4D digit ratios to determine sex. 

Journal of Forensic Sciences. 2014;59(5):1315-20. 


